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Abstract-Summary

"This article proposes a novel model that incorporates organizational maturity as a new 
dimension in the risk evaluation of construction projects."

"The research methodology uses a hybrid best–worst method–fuzzy rule-based system 
(BWM-FRBS) combined with a 3D risk matrix to evaluate risks based on the probability 
and mathematical equations generated for the impact and the organizational maturity."

"The outputs of the preceding equations and the probability of occurrence were then used 
as inputs to the FRBS model to determine the risk score."

"This model used a 3D risk matrix to construct fuzzy rules."

"Iraqi construction projects were used as a case study to confirm the validity of the 
integrated model."

"The authors concluded that this model is more effective and precise than conventional 
techniques for evaluating and prioritizing risk and can provide critical information for risk 
management."

Introduction

"Researchers and practitioners in the construction sector have developed several 
approaches based on Monte Carlo simulation (MCS), risk matrix (RM), analytical hierarchy 
process (AHP), sensitivity analysis (SA), fault tree (FT), and event tree (ET) methods 
(Ahmadi and others 1)."

"Various models have been created to adequately evaluate the risks that projects can pose."

"In Iran, Keramati and others (2) utilized a fuzzy AHP to analyze customer relationship 
management risks depending on the expert opinions of project managers."

"Ebrat and Ghodsi (3) assessed construction project risks using an adaptive network-based 
fuzzy inference system (ANFIS) model."

"The findings demonstrate that the ANFIS model provides more accurate risk assessments 
for building projects."



"This study estimated the relative weights of risk variables using the fuzzy-AHP approach 
and then proposed a modified F-MAIRCA to evaluate risk events."

Literature Review

"Risk could be uncertainty, possible loss, repercussions, the possibility of an undesirable 
occurrence, or the influence of ambiguity on goals, depending on the situation."

"The ISO 31000 risk management (ISO 4) principle interpretation has become the 
predominant standard."

"It defines risk as “the influence of uncertainty on the likelihood of attaining the 
organization's goals.”"

"This standard gives a precise method for determining risk and demonstrates that each risk 
is the result of combining two risk dimensions: the consequences of the risk and the 
likelihood of the risk occurring."

"When it comes to risk management in its broadest sense, the scales are virtually always 
subjective and highly varied from one organization to the other (Waldron 5; Pons 6)."

"Extending the risk measure to include three or more components is a popular strategy."

Research Gaps and Problem Statement

"There is no constant and straightforward approach on incorporating an additional 
dimension into risk assessment."

"2 reveals that significant efforts have been produced to address the shortcomings of 
traditional assessment approaches for risk factors."

"Despite the prevalence of risk identification and assessment methods in this field, there is 
still a need for novel studies to focus on four fundamental principles: Inaccurate 
determination of the impact level of an event on the projects’ objectives."

"Lack of attention to the maturity of the organizations in risk management as an essential 
dimension in assessing risks."

Research Objective

"Based on the gaps identified in section 3, the study aims to develop a novel model to 



assess, rank, and quantify risk factors by incorporating the organizational maturity as a 
third dimension in the risk evaluation of construction projects."

"The objectives are as follows: (i) integrating three risk dimensions into a single index, 
where the first dimension is the probability of occurrence and the other two factors are the 
impact level and the organizational maturity; (ii) generating mathematical equations 
derived from a survey of relevant literature and expert judgments for the impact level and 
the organizational maturity by adopting the best–worst method (BWM); and (iii) inputting 
the probability of occurrence and the output of mathematical equations into the fuzzy rule-
based system (FRBS)-3D risk matrix model, where the result will be the risk score."

Best–Worst Method (BWM)

"Because of the difficulty inherent in making comparisons and the limitations of human 
comprehension, using a pairwise comparison in practice suffers from the inconsistency of 
its comparison matrices."

"The BWM was developed by Rezaei; it is a vector-based approach in which the weights of 
parameters are derived differently depending on paired comparisons."

"To conventional comparison techniques, the BWM employs only integer values to describe 
preferences, decreases the time required for comparisons, and, most crucially, yields more 
consistent and trustworthy findings."

Fuzzy Rule-Based System (FRBS)

"The knowledge base represents familiarity with an issue that can be solved using fuzzy 
linguistic principles such as IF–THEN and the effective use of a fuzzy system through an 
inference engine which can aid in the production of FRBS output with specified input 
(Ghosha and others 7)."

"The fuzzification method is done to create values of membership for a variable utilizing 
the membership functions (MF) depending on the fundamental notions of the theory of 
fuzzy set."

"With the aid of the membership functions, their value for a fuzzy variable may be 
generated using the fuzzification process."

"Mamdani, Tsukamoto, and Takagi–Sugeno fuzzy algorithms are three rule-based system 
algorithms that are regularly employed."

"The Tsukamoto approach defines the consequence of each rule using a fuzzy set with a 



monotonic membership function."

"Fuzzy inputs lead to a clear result in the Takagi–Sugeno-type approach (linearly 
combining the information)."

Methodology

"Stage 4: Building a fuzzy-rule based system model The outputs from the previous stage 
will be combined with the outputs from the risk occurrence probability."

"These outputs will be inputs to the fuzzy rule-based system (FRBS) model designed based 
on the Mamdani algorithm in MATLAB software package to compute final risks scores."

"A 3D risk matrix will be used to construct the FRBS model rules in the MATLAB 
environment."

"The integration of these techniques was as follows: After defining the main and sub-
dimensions of the proposed model from stages 1 and 2, the technique (BWM), with the help 
of 12 construction experts, will then be used to find the weights of the sub-dimensions and 
build mathematical equations for both the impact level and the organizational maturity."

"The outputs of these two equations and the third dimension (which is the probability of 
the risk occurrence) will be inputs to the FRBS model."

Field Work

"The focus group considers a qualitative data collection method."

"As Patton (8) underlined, focus groups are used to gather high-quality data in the social 
environment."

"The authors used strict rules to choose the focus group experts to ensure that the meeting 
results were accurate: 1."

"Based on these criteria, 12 experts were selected for the focus group meeting."

"This group comprises project managers and academics (Ph.D. in civil engineering) who 
have extensive knowledge of construction projects and more than 15 years of experience 
working in various public and private organizations."

"A presentation was provided on the initial structure of the proposed risk assessment 



model and the primary and sub-dimensions derived from prior studies."

"To validate the proposed model, ten critical risk factors were gathered from sources (Sami 
Ur Rehman and others 9; Kassem et al 10; Al-Juboori and others 11; Jahan and others 12), 
in addition to historical data."

Results

"The risk assessment model comprises three primary dimensions: the probability of 
occurrence, impact level, and organizational maturity."

"After the expert panel has confirmed the risk assessment model in construction projects 
and the focus group research has been completed, the BWM will determine the weight of 
each component in the impact level and organizational maturity equations."

"The model consists of three inputs: the probability of occurrence, the impact level, the 
organizational maturity, and one output (i.e., risk score)."

"The model's architecture was assessed by two experts with a Ph.D. in risk management 
with more than 10 years of experience."

"They attribute this to the fact that the proposed model accounted for the weighted 
relevance of variables (sub-dimensions) in the equations for impact level and 
organizational maturity, which conventional models overlooked."

"These factors have different levels of risk score in the proposed model."

Discussion

"New and essential factors which impact the risk levels of building projects should be 
investigated."

"This research recommended the development of a new method to risk assessment in 
building projects."

"The researchers' next plan was to adopt a new hybrid approach to risk assessment using 
(BWM-FRBS) coupled with the 3D risk matrix."

"The authors validated the proposed model through compared it with two of the most 
prevalent conventional risk assessment methods, namely the PI approach and the FMEA."

"With the assistance of five decision-makers, these three models were used to evaluate ten 



of the most significant risks affecting building projects in Iraq."

"Provides a suitable approach to uncertainties associated with critical risk assessments of 
project failure where fuzzy logic can effectively deal with these uncertainties."

"The proposed model successfully detects, evaluates, and prioritizes the most significant 
risks of construction projects and, consequently, delivers precise and useful information on 
risk management in building projects."

Conclusion

"Because of the significance of risk evaluation and prioritizing in construction projects, the 
study aims to present a novel approach based on BWM-FRBS for assessing construction 
project risks."

"The research methodology involves a six-stage procedure: (i) preparing the initial 
structure of risk assessment which introduces new dimensions; (ii) focus group session; 
(iii) constructing mathematical equations using the BWM; (iv) building a fuzzy-rule-based 
system model; (v) using a 3D risk matrix to construct the FRBS model's rules; (vi) 
validation and sensitivity analysis."

"A new dimension represented in the organizational maturity was added in the risk 
assessment model."

"New mathematical equations were built for impact level of risk and organizational 
maturity."

"The organizational maturity mathematical equation involves four components: risk 
detection, risk control, resilience, and risk communication."
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Abstract-Summary

"Developments in the fifth dimension (5D) of building information modelling (BIM) has 
fostered new and potential improvements in terms of efficiency, quality and precision 
during cost management processes."

"The research aims to develop an innovative framework of 5D BIM solutions for 
construction cost management."

"Eighteen software or web solutions were found and analysed against five main areas of 
the cost management practices."

"The research contributes to creating new awareness and knowledge from the available 5D 
BIM solutions towards the current cost management requirements as well as the future 
need in the digitalised working environment."

Introduction

"The fifth dimension (5D) of building information modelling (BIM) presents itself as a 
potential solution to the problem and a tool allowing better and more efficient cost 
management [13, 14, 15, 16]."

"To address this research question scientifically, the following objectives are designed, 
namely, (a) critically review current development of 5D BIM uses in relation to 



construction cost management, (b) analyze all related software for the 5D BIM solutions 
and (c) develop an innovative framework of 5D BIM solutions for construction cost 
management."

"The research would contribute to new insights into the current need of 5D BIM solutions 
in cost management as well as the future need of a digitalised working environment in the 
construction industry."

"The first section presents the current construction cost management processes and 
methods and compares them with documented 5D BIM uses."

Theoretical Foundation

"5D BIM adds to the third and fourth dimensions with the ability to link costing information 
to the digital model and the project’s schedule to allow for better cost management [15]."

"Combined with the quantity take-off capabilities of the 5D BIM solutions, the cost 
estimating features of most 5D BIM tools allow the creation of cost estimates that represent 
with more precision the actual costs of a project [13] and overall costs reduction [17]."

"Many 5D BIM capabilities allow for fast and efficient cost control processes, for example, 
Cash flow forecast Kim and Grobler [18] have demonstrated through their research that 
automated cash flow analyses where possible with the use of 5D BIM, allowing for faster 
and more precise cash flow forecasts early in the project’s lifecycle."

"The method proposed uses a user-created calculation structure in an existing 5D BIM 
solution, allowing for an effective an easily upgradable estimate of a project’s life-cycle 
costs."

Research Methodology

"In the third step, the cost management processes were divided into five principal 
categories after combining and analysing the guides and references from the PMBOK [19], 
the Royal Institution of Chartered Surveyors [20] and the Australian Cost Management 
Manual [21], each containing particular requirements that have been confirmed by 
industry stakeholders and used to review the 5D BIM solutions."

"Cost budgeting In order for the 5D solutions to answer the needs relative to cost 
budgeting, the reviewed software were checked for subcontractor comparison functions 
allowing the decision makers to evaluate which offer is the best for a given project."

"Claims and others To improve claims management and pricing processes, the 5D solutions 
have been reviewed to identify their ability to keep track of changes made to the model and 



the impact of these changes on project costs."

"To develop the requirements for the evaluation criteria, the reviewed 5D BIM solutions 
and the manner in which they met the requirements were firstly observed."

Results

"Besides, all the reviewed non-BIM readable solutions met less than 50% of the cost 
management requirements for all 3 construction phases, performing slightly better with 
the post-construction requirements."

"Separately, most of the requirements in the cost budgeting, cost control and claims pricing 
and management are not met by 50% or more of the reviewed 5D BIM solutions."

"The non-BIM readable solutions answered around 10% of the cost management plan and 
cost estimating requirements, with no requirements met for cost budgeting, cost control 
and claims pricing and management requirements."

"The top 3 solutions have been identified for each 5D BIM level according to their ability to 
meet the most construction cost management requirements developed and the top 3 
solutions for an overall use throughout the 3 phases of a project are also presented."

"Both solutions met the requirements in the claims pricing and management category for 
5D BIM at pre-construction phase."

Discussions

"This research has developed a new and neutral framework in helping users to make 
informed decisions regarding the choice of a 5D BIM solution for cost management."

"It has synchronised the appropriate 5D BIM solutions with the intended requirements in 
cost management for future digitalisation process in the construction industry."

"This research will also help practitioners such as clients, contractors and professionals in 
making informed decisions regarding the selection of 5D BIM solutions that could 
potentially greatly improve their cost performance in BIM-enabled projects."

"While the contractor would most likely welcome a 5D BIM model that allows them to 
monitor and manage a project’s costs in fine details, it is unlikely that they would want to 
reveal the detailed breakdown of their costing information to complete the project to all 
the project team members who have access to the model and to the client."



"Some research and development will probably have to be done in the legal aspects binding 
project team members for stakeholders to benefit from the advantages proposed by 5D 
BIM technologies."

Conclusion

"The research has reviewed and analysed current 5D BIM solutions’ capabilities against 
cost management processes, and subsequently, developed a 5D BIM solution decision-
making framework of 5D BIM solutions for cost management."

"The findings help users make informed decisions based on the cost management 
requirements and also highlight new areas of improvement and development for future 5D 
BIM solutions."

"Certain limitations need to be considered in the research."

"The research also limited the review of the solutions to freely available information."
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Abstract-Summary

"This study compares Bayesian Optimization-based machine learning systems that 
anticipate earthquake-damaged buildings and to evaluates building damage classification 
models."

"The class imbalance makes estimating building damage grades difficult, emphasizing the 
necessity for careful modeling."

"The optimization technique maximizes the receiver operating characteristic curve 
(AUROC), which measures the models’ ability to discern between damage levels."

"Convergence shows that Bayesian Optimization improves model discrimination."

"The optimized models classified building damage grades with an AUROC of 0.9952."

"The ElasticNet model predicts building damage grade with 92.56% test accuracy and 
92.67% train accuracy."

"With 89.39% test accuracy and 99.82% train accuracy, the Random Forest model 
performs well."

"The Decision Tree model has 89.19% test and 99.94% train accuracy."

"Bayesian Optimization helps models acquire data patterns, improving classification 
accuracy."

"This study shows that machine learning and optimization can forecast building seismic 
damage grades."

Introduction



"Zhang and others (22) employed machine learning algorithms to correlate response and 
damage tendencies to the structural safety status of the building (safe or dangerous to 
inhabit)."

"Thaler and others (23) established this machine learning-enhanced Monte Carlo 
simulation model to forecast the structure reaction in earthquake engineering, and neural 
networks are utilized to strengthen the method’s reliability at the tail end of the 
distribution."

"The primary goal of this study is to assess the ability to exist machine learning methods 
(Logistic Regression, Decision Tree, K-Nearest Neighbors, Linear Discriminant Analysis, 
Naive Bayes, Extreme Gradient Boosting, and Random Forest) to assess the responses of 
structures based on earthquake characteristics and the recorded responses of a structure 
that has been subjected to an earthquake."

"The following objectives were pursued throughout the investigation: (1) determining the 
accuracy of different machine learning models in predicting and estimating the amount of 
damage sustained by buildings, and (2) determining the input factors that have the greatest 
impact on how accurately the models estimate the amount of damage sustained by 
structures."

Methodology

"The dataset in question will be utilized for the purpose of training models to prognosticate 
the degree of building damage, employing the elastic net, Random Forest, and Decision 
Tree methodologies."

"The selection of Elasticnet, Random Forest, Decision Tree, and Bayesian Optimization was 
based on their distinctive characteristics and ability to accurately assess the extent of 
building damage in the context of earthquake data."

"The objective of employing this methodology to evaluate the performance of models is to 
identify the model that can provide the most accurate forecast of the building damage 
grade, as determined by the highest test accuracy, the best train accuracy, and the smallest 
mean squared error."

"To discern the fundamental patterns and associations between the input data and the 
grade of building damage, the training set is utilized to instruct an elasticnet, a Random 
Forest, and a Decision Tree model."

Results and discussion



"The Random Forest model demonstrated a successful prediction of the building damage 
grade without any visual input, achieving an accuracy of 89.39% on the test data."

"The ElasticNet model exhibited a high level of performance in its ability to predict the 
building damage grade on the test data that had not been previously observed, achieving an 
accuracy rate of 92.56%."

"The model’s high accuracy during training suggests that it has effectively assimilated the 
data from the training set, thereby successfully capturing the correlations between the 
input variables and the damage grade of the building."

"The Decision Tree regression model exhibited a high level of accuracy in predicting the 
building damage grade on the unseen test data, achieving an accuracy rate of 89.19%."

"The model’s high accuracy during training suggests that it has effectively assimilated the 
data from the training set, thereby successfully capturing the correlations between the 
input variables and the damage grade of the building."

Conclusion

"The article titled “Predicting Building Damage Grade by Earthquake: A Bayesian 
Optimization-based Comparative Study of Machine Learning Algorithms” provides a 
comprehensive assessment of the model’s efficacy and discusses the implications of the 
results in the Results and Discussion section."

"This study examines the convergence curve, which illustrates the efficacy of Bayesian 
Optimization in fine-tuning machine learning models."

"Assessment criteria such as test accuracy, train accuracy, and MSE are employed to assess 
the efficacy of the Random Forest, ElasticNet, and Decision Tree models."

"Acknowledging the limitations is imperative for comprehending the study’s findings and 
providing guidance for future research aimed at enhancing machine learning models for 
predicting building damage grades."

"The present study demonstrates the potential of Bayesian Optimization in improving the 
predictive precision of machine learning models for assessing the extent of building 
damage."
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Abstract-Summary

"Failure to plan AI-CRM technology implementation in an organization could lead some to 
success and others to failure."



"The Dynamic Capability View theory emphasizes the organizational ability to react 
adequately in a timely manner to any external changes and combines multiple capabilities 
of the organization, including organizational CRM and AI capabilities."

"Against this background, the purpose of this study is to examine the success and failure of 
implementation of AI integrated CRM system in an organization from B2C perspective 
using Contingency theory and Dynamic Capability View theory."

"The study finds that information quality, system fit, and organizational fit significantly and 
positively impact the implementation of AI-CRM for B2C relationship management."

"There is a moderating impact of technology turbulence on both acceptance and failure of 
AI-CRM capability in the organization."

Introduction

"In the changed business scenario, there is a necessity for applying AI integrated CRM 
system to embolden the relationships between organizations and the customers (Alam and 
others, 24; Wikner, 25)."

"AI integrated CRM system is helpful for automated decision-making and enhances the 
overall performance of organizations by improving B2C relationship (Peters and others, 26; 
Cortez & Johnston, 27)."

"AI integrated CRM systems are expected to perform automated routine tasks and support 
an organization to appropriately customize, prioritize, and segment the collected 
customers’ data to improve the performance of an organization (Gotteland and others, 28) 
by improving the relationship between the organizations and their potential customers."

"RQ2: Whether there is any moderating impact of technology turbulence for success and 
failure of implementation of AI integrated CRM system in the organizations?"

"The contingency theory has been extended by investigating how the contingency plan 
coalesces with several abilities to produce best results by implementing AI integrated CRM 
system in organization in the B2C context."

Literature Review

"Studies have documented that whether the implementation of a new technology in an 
organization will be successful or not depends on the characteristics of the organization."

"Studies have suggested that the success or failure to implement a technology in an 



organization depends on many factors, such as design characteristics, system 
characteristics, quality of information, and so on (Sivarajah and others, 29)."

"It has been observed that the users’ abilities would affect the quality of information to be 
procured, system characteristics as well as readiness of the organization towards 
implementation of a new technology (Powell and others, 30)."

"Studies have been conducted to investigate the potentials of AI implementation in 
organizations, but none investigated the factors responsible for achieving success or 
incurring failure to implement a new system like AI integrated CRM system in an 
organization (Chatterjee and others, 31) especially, in the context of B2C relationship 
management."

Theoretical Background and Development of Conceptual Model

"From the review of literature, it has been observed that for implementation of AI-CRM 
system for B2C relationship management, the best way is to depend on common 
characteristics of the concerned organization and its employees."

"H4: Organization Characteristic (OC) positively impacts Organizational Fit (OF) for 
implementing AI-CRM system in the organizations for B2C relationship management."

"It has also been highlighted that the various issues including abilities of the employees of 
organizations, capability of the organizations, resource collection abilities, and other 
factors help in successful implementation of a new system, like AI-CRM in an organization 
to improve the B2C relationship (Wu, 32)."

"Technology turbulence is such a concept that it inhibits an organization to enjoy the color 
of success even after implementation of a new technology like AI-CRM in B2C relationship 
management."

Research Methodology

"The technique requires the quantification of responses of potential respondents with a 
standard scale."

"We prepared questions to understand the attitude of the respondents towards AI-CRM 
implementation in organizations with a view to improving B2C relationship management."

"These questions were prepared in a manner that the potential respondents did not face 
any difficulties understanding the questions (Mellahi & Harris, 33)."



"We also prepared a response sheet to be provided to the respondents."

"The response sheet contained 5 options for each question, namely Strongly Disagree (SD) 
marking as 1 to Strongly Agree (SA) marking as 5."

"The questions were tested with 11 managers of some organizations where AI-CRM was 
implemented and where the organizations function in B2C context."

"These 692 potential respondents were requested to respond in the response sheet within 
two months (January–February 2019)."

Data Analysis with Results

"Using SmartPLS3 software, we performed bias corelated and accelerated bootstrapping 
procedure by considering 5000 iterations of subsamples, estimated the path coefficients of 
the several linkages and the corresponding level of significance by computing probability 
values (p values) for ensuring stability of the results."

"The results show that DC impacts IQ with path coefficient 0.17 with level of significance p 
< 0.05 (H1)."

"The results also highlight that IQ, SF, and OF simultaneously impact IARM and among 
these impacts, the impact of SF on IARM is maximum as the concerned path coefficient is 
the highest among the three linkages and this is 0.32 with level of significance p < 0.01(**) 
(H6)."

"The effects of the moderator TT on the two linkages IARM→ACA and IARM→ACF are found 
significant as the impacts of moderator TT on these two linkages bear path coefficients 0.23 
and 0.34 with levels of significance p < 0.05(*) and p < 0.01(**) respectively."

Implications of the Study

"Our study investigates how the implementation of AI-CRM in organizations for B2C 
relationship management can be successful and how in some circumstances the 
implementation could lead to failure."

"Our study has also used the Contingency theory to develop the model for effectively 
implementing AI-CRM in B2C relationship management."

"The contingency theory has been successfully used to interpret how AI-CRM can be 
implemented in the organizations."



"This study helped organizations to understand the several factors associated with the 
success and failure of implementation of technology like AI-CRM system in the context of 
B2C relationship management."

"Our study has highlighted that information quality (IQ), system fit (SF), and organizational 
fit (OF) positively impact the implementation of AI-CRM for B2C relationship management 
in the organizations (H5, H6, and H7)."

Conclusion

"Our study has developed the model by principally drawing on the Contingency theory."

"In such a scenario, the managers of organizations contemplating to implement AI-CRM for 
improving the B2C relationship utilizing the contingency approach need to possess 
appropriate skills and expertise to analyze the various situations (Kast & Rosenzweig, 34)."

"Our study necessitated inclusion of the construct ‘information quality’ in the framework of 
Contingency theory because the introduction of new AI-CRM technology and the model has 
become successful."

"Our study has also developed the model that highlights factors that could estimate both 
the success and failure to implement AI-CRM system in organizations."
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Abstract-Summary

"The software industry has recently adopted modern, more flexible project management 
techniques based on “lean-agile” methods that enable team collaboration and 
communication through distributed task and schedule management, online document 
sharing and rolling-wave planning."

"Due to the inherent schedule complexities of hardware development and the firm 
constraints of design review and launch timelines, flexible project management 
frameworks have not been widely adopted for space mission management."

"A recent satellite development project was managed using the new modified-agile 
approach, while collecting project hours and task durations."

"Comparisons were made between this new style of space project management and a 
recently completed satellite development project using traditional space project 
management techniques."

"Results show that the new management approach reduced strain on the project team, 
improved overall productivity, and maintained a more level task loading when compared to 
the traditional management approach."

Introduction

"This paper presents a hybrid phased-agile approach for space project management and 
systems engineering that provides a more accommodating structure to project change, 
while maintaining a schedule that adheres to the strict design review and launch 
milestones associated with space projects."

"This new management approach results in a more even distribution of tasks and better 
team communication when compared to traditional space project management."



"To demonstrate the value of this new approach, we compare and contrast empirical 
project health data (including labor hours and task start/end dates) from two different 
projects: (1) a recently completed industry satellite development project managed using 
traditional space project management strategies, and (2) a CubeSat project (Iris) using 
modern, Agile-inspired management strategies."

"The primary contributions of this research include: A hybrid phased-agile approach to 
project management that is suitable for space systems engineering."

Background

"Carson [35] notes that this approach allows for the careful and incremental completion of 
work that enables the project team to ensure the system is designed as a whole."

"EVM is defined as comparing the following three primary economic metrics to monitor the 
project health: Planned value (PV)—authorized budget assigned to scheduled work Earned 
value (EV))—the measure of work completed in terms of budget authorized Actual cost 
(AC)—the cost of the work performed on an activity EVM provides managers and sponsors 
with a meaningful method for understanding the project progress, but requires the 
existence of a pre-established detailed plan to compare the three metrics."

"The combination of the traditional phased approach and the EVM method provides space 
projects with valuable structure."

"Although the traditional phased approach provides valuable structure to modern space 
projects, the space sector seeks methods to reduce project cost and development time."

"Dwyer [36] investigated methods to apply the Agile Philosophy, a work philosophy that 
focuses on adapting to change over adhering to a rigid plan, to mechatronic projects 
consisting of small multi-disciplinary teams."

Research methodology

"The Iris team was trained to identify four sources of delay: Incorrect priorities—not 
working on a critical path (high priority) task when one is available Multitasking—
resources dividing their attention among two tasks, increasing the completion time for 
both tasks Unavailable resources—if resources or tools are unavailable, the task will be 
delayed Technical difficulties—technical problems that are present in every project While 
project management techniques cannot typically mitigate technical difficulties, planning 
and strong communication can mitigate the first three items."

"To mitigate this, the Iris project required that team members schedule one active task at a 



time, to promote focus and productivity."

"This research received the labor hours for phases B through D, and the task start and end 
dates for phases C and D. The management data can be combined to determine the level of 
effort needed by the team to complete the necessary work, providing insight into how a 
traditionally managed project uses the development team."

Results and discussion

"Project 1 provided labor hours for phases B through D, organized by the category of work 
(such as project management, subsystem design, or procurement)."

"To determine how the traditional project management approach impacted the team for 
Project 1, this study combined the labor hour data with the task start and end dates to 
approximate the team’s level of effort through each phase."

"While the traditional project management approach provides a useful framework for 
organizing and planning work, the data shows that high work periods occur that can impact 
the team."

"To investigate the impact of non-traditional management approaches on a space project, 
this study collected labor hours, task start and end dates for the completed phase B and 
ongoing phase C. This project underwent phase B from January 2019 to October 2019, and 
began Phase C in October 2019."

Conclusion

"The Iris project (Project 2) is a CubeSat development effort that combined the traditional 
phased management approach with the Agile Philosophy to develop a highly adaptive 
management style."

"The Iris project implemented elements of the Agile Philosophy and Scrum planning to 
work efficiently with a team that has changing schedules and availabilities."

"Project management data from Iris demonstrated less management effort and a more 
balanced task loading when compared to a traditionally managed satellite project."

"The Iris project demonstrated remarkable resilience to the labor restrictions due to the 
COVID-19 pandemic (although there was no similar labor disruption to compare to in the 
traditionally managed satellite project)."
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Abstract-Summary

"The drive toward implementing an industrialized building system (IBS) in Malaysia is in 
line with Malaysia’s Construction Industry Transformation Plan 2016–2020, which seeks to 
increase more than double the construction industry’s productivity."

"Although the introduction of IBS in Malaysia is not new, its acceptance has not been 
extensive, and IBS implementation is still slow."

"To support the successful implementation of IBS, it is vital to determine the factors that 
influence the achievement of this aspiration."

"This study aims to identify and evaluate the critical success factors (CSFs) that contribute 
to the smooth implementation of the IBS dimensions within the context of the Malaysian 



construction industry."

"In order to consolidate the set of candidate success factors, these CSFs were identified 
from the literature review and confirmed through a self-administered survey 
questionnaire."

"The findings indicate that the CSFs in IBS implementation have different priorities and 
weights."

Introduction

"The construction industry, as a whole, remains very reluctant to explore IBS use as 
reflected by its slow uptake [38]."

"The current work’s main goal is to identify the critical success factors (CSFs) that influence 
IBS implementation and to prioritize these factors based on their respective weights."

"The industry can subsequently focus on these CSFs to achieve greater IBS implementation 
efficiency."

"To prioritize the CSFs according to their individual degrees of importance so that the 
industry can assess its current practices and adjust its resources to accelerate the uptake of 
IBS."

"The CSFs will serve as invaluable guidelines for many stakeholders, including both the 
public and private sectors, with the former acting as a client to the construction sector, as 
its regulator, and as a provider of funds, in order to accelerate IBS uptake using strategic 
approaches that lead to a sustainable development in Malaysia."

Research Method

"In these studies, the usual procedures are outlined in five stages: (1) identifying a group of 
selected success factors (SSFs); (2) conducting a survey to determine the importance of 
each SSF in accordance with a specific goal; (3) calculating each factor’s importance index 
value based on the survey data; (4) using the importance index value to determine the CSFs 
from the group of SSFs; and (5) analyzing and interpreting the identified CSFs."

"The self-administered AHP questionnaire was developed via a pilot study, and then the 
opinions of the same experts who participated in the first survey were collected."

"Analyzing the self-administered survey questionnaire In the second stage, the close-ended 
questions were analyzed using Microsoft Excel software, quantitative methods were 



adopted to analyze these questions in a straightforward way, where a percentage was 
calculated for every question to determine the power of the answer to the question."

Results

"According to Zakaria and others [39] the government—as a major construction client—
plays its role by implementing promotions/advocacies, policies, rules and requirements, 
and by determining the competitive directions of the construction industry and the IBS 
decision-making process."

"In order to solve this problem, and in accordance with the initiatives made by the 
Construction Industry Transformation Program (CITP) (2016–2020), the Malaysian 
Investment Development Authority (MIDA) has formulated a plan to attract investments of 
RM 2 billion by 2020 from at least 100 new IBS manufacturers [37]."

"Under the recent government plan CITP (201–2020) [38] more tax exemptions have been 
introduced such as construction levies for any residential development that achieve 50% of 
IBS contents (CIDB levy—0.125% of the total cost of the project according to Article 520)."

"The experience of a manufacturer in IBS projects is not only limited to product 
manufacturing but may also involve the entire process, including project planning, design, 
management, and implementation."

Discussion

"The CSFs that supports the implementation of IBS were based on five elements: strategy, 
sources of funding, process, people, and enabler."

"The study found that some CSFs are more essential to the successful implementation of 
IBS than others."

"Besides that, it is discovered that easy access guarantee, technology enhancement, and 
research and development are important enablers and support tools that uphold the 
development of strategy, people and process related to IBS implementation."

"Ranking the factors of IBS implementation was considered the goal, which formed the first 
level in the hierarchy."

"The second level consisted of the five key elements, whereas the third level consisted of 
various constructs based on the IBS CSFs to be compared and ranked."

"A hierarchical model for the CSFs affecting IBS implementation was developed based on 



the factors identified from the first survey."

Conclusion

"IBS implementation is considered a high-risk strategy because the many stakeholders that 
participate in this process are very closely linked to one another."

"The factors that determine the success of IBS implementation must be fully investigated."

"The obtained results showed that CSFs could serve as valuable references that help IBS 
stakeholders develop the effective uptake of industry strategies, which could lead to the 
creation of a favorable environment for implementing IBS in Malaysia."

"The relative importance of all these factors and their impacts on different IBS 
implementation dimensions were determined in this study via adopting the AHP method."
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Abstract-Summary

"The popularity and use of cloud computing has largely been driven by the reported 
benefits on firm performance."

"Technology providing a paradigm shift in information technology (IT) services, the 
process through which the adoption of cloud computing effects organizational performance 
in the context of developing countries is still unclear."

"The aim of this study is to provide a theoretical discussion that advances our 
understanding about the mediating and moderating roles of organizational mindfulness in 
the context of cloud computing adoption and organizational performance."

"The findings reveal that organizations need to systematically develop mindfulness 
capabilities to benefit from the adoption of cloud, and IT innovations in general."

Introduction

"While such studies have provided new insights and understanding of this phenomenon in 
new contexts, there is a noticeable absence of rigorous research that examine the adoption 
of cloud computing services in the private sector of developing countries."

"Against this background, this study is motivated to answer the following research 
question, “What is the mechanism through which cloud computing adoption impacts 
organizational performance in the context of Kenya?”."

"We adopt the theory of organizational mindfulness (OM) as a theoretical lens to 
understand and explain the process through which cloud computing adoption can impact 
organizational performance in the private sector organizations in Kenya, a developing 



country."

"This study, therefore, extends the application of organizational mindfulness in IS research 
by exploring its mediating and moderating roles as a way of explaining how cloud 
computing adoption impacts organizational performance in the context of Kenya, a 
developing country."

Related Literature

"Cloud computing services are delivered in terms of three models, namely, (i) cloud service 
models, (ii) cloud deployment models, and (iii) the cloud consumption model."

"Cloud computing service models are mainly referred to as cloud service layers."

"These layers have been variously referred to as cloud service models (Sriram & Khajeh-
Hosseini, 40), cloud business models (Yang & Hsu, 41; Zhang and others, 42), and cloud 
architectural layer (Stanoevska-Slabeva & Wozniak, 43)."

"Cloud consumption model offers a unique way to consume computation, network, storage, 
and software resources."

"The characteristics of cloud computing are on-demand self-services (e.g., the consumer 
can unilaterally provision computing capabilities without the provider’s intervention, 
broad network access (e.g., provides capabilities over the internet for different users and 
services; 3) resource pooling (e.g., service to be used on a need basis by the consumer; and 
4) a measured service (e.g., consumers are billed based on consumption) (Buyya and 
others, 44)."

Cloud computing in Kenya

"Organizations in the financial, technology, and manufacturing sectors were selected for 
this study as these sectors remain the top adopters of cloud computing amongst industries 
(Kirkland, 45)."

"The growing interest in cloud computing by organizations in Kenya and more so the public 
sector can be attributed to the national ICT policy and regulatory frameworks that were 
created in 2019."

"The Kenyan government recognizes that the adoption of cloud computing and emerging 
technologies are expected to transform the Kenyan economy (Ministry of Information, 
Communications and Technology, 46)."



"The development of a national strategy and regulatory frameworks by the Kenyan 
government has accelerated the adoption of digital technologies in both the public and 
private sectors, which has placed Kenya as one of the leading countries in terms of digital 
integration and the economy (Namunwa, 47)."

Organizational Mindfulness

"At the organizational level, mindfulness is an organization’s cognitive processes of 
revealing and redirecting new events and their erroneous consequences (Weick & Sutcliffe, 
48)."

"Organizations adopting IT innovations like cloud computing are faced with a variety of 
risks and other related uncertainties that can only be handled through High Reliability 
Organizations (HRO) principles of organizational mindfulness (Enya and others, 49)."

"Preoccupation with failure is an aspect of organizational mindfulness in which an 
organization is constantly concerned about failures even though they seldom arise 
(Dernbecher & Beck, 50)."

"Cloud computing services are known to be vulnerable to outages and security breaches 
and therefore organizations adopting them must continuously monitor any failure or 
outage."

"The process of adopting and implementing any IT innovation (like cloud computing) is 
itself prone to failure, and reflective attention to possibilities for failure in this domain also 
enlarges mindfulness (Swanson & Ramiller, 51)."

Hypothesis Development and Research Model

"We hypothesize: H1: There is a positive relationship between cloud computing adoption 
(CCA) and firm performance (FP) within the context of organizations in Kenya."

"We hypothesize: H2: There is a positive relationship between cloud computing adoption 
(CCA) and organizational mindfulness (OM) within the context of organizations in Kenya."

"We hypothesize: H3: There is a positive relationship between organizational mindfulness 
(OM) and firm performance (FP) within the context of organizations in Kenya."

"We hypothesize: H4: Organizational mindfulness (OM) mediates the relationship between 
cloud computing adoption (CCA) and firm performance (FP) by organizations in Kenya."

"Mindful organizations, apart from making IT innovation adoption decisions based on their 



organizational specifics will also make better decisions throughout the implementation 
process leading to increased firm performance."

"We hypothesize: H5: Organizational mindfulness (OM) has a positive moderating effect on 
the positive relationship between cloud computing adoption (CCA) and firm performance 
(FP)."

Research Methodology

"Whereas the use of PLS- SEM is almost mature in marketing and management research 
when it comes to testing relationships amongst latent variables (Chang and others, 52), its 
use is emerging in information systems research (Mican and others, 53)."

"The process was conceptualized in the form of a PLS-SEM model comprised of the 
relationships amongst cloud computing adoption, organizational mindfulness, and firm 
performance."

"Model for this study comprised of cloud computing adoption, organizational mindfulness, 
and firm performance as latent variables."

"The study adapted previously validated scales from the literature on organizational 
mindfulness, cloud computing adoption and firm performance."

"The measurement model comprised of the indicators and their relationships with relevant 
latent variables."

"The study modelled the latent variables as reflective indicators since that is the norm in 
most information systems PLS-SEM based studies (Urbach & Ahlemann, 54)."

"The indicators and their relationships with the latent variables represent the 
measurement model."

"The sample size of the study was 180 firms, comprising of 60 firms from each sector."

Analysis and Findings

"The PLS-SEM estimates model parameters by drawing on latent variables formed from 
indicators and applies a series of ordinary least squares regressions to maximize the 
explained variance of the endogenous latent variables (Ringle and others, 55)."

"PLS-SEM was used to estimate the relationship amongst cloud computing adoption (CCA), 



organizational mindfulness (OM) and firm performance."

"It was used to test the moderating effect of organizational mindfulness (OM) on the 
relationship between cloud computing adoption (CCA) and firm performance (FP)."

"The latent variables of the study; cloud computing adoption, organizational mindfulness 
and firm performance were modelled as reflective indicators."

"In the second hypothesis, the positive relationship between cloud computing adoption 
(CCA) and organizational mindfulness (OM) was evaluated."

"The fifth hypothesis was that organizational mindfulness (OM) positively moderates the 
relationship between cloud computing adoption (CCA) and firm performance (FP)."

Discussion

"While there could be possible factors that explain how cloud computing adoption is 
related to firm performance, in the present study, the role of organizational mindfulness 
was explored."

"The study provided an empirical test of the mediating and moderating role of 
organizational mindfulness on the relationship between cloud computing adoption and 
firm performance."

"The hypothesis was that cloud computing adoption influences firm performance through 
organizational mindfulness."

"The fifth hypothesis was on the moderating effect of organizational mindfulness on the 
positive relationship between cloud computing adoption and firm performance."

"The study found that that organizational mindfulness had a small and insignificant 
moderating effect (0.014) on the relationship between cloud computing adoption and firm 
performance."

"The results of the study indicate that managers would benefit by investing in the creation 
of an organizational mindfulness culture, to enable their organizations to successfully reap 
benefits from adoption of cloud computing."

Conclusion

"This study examined the mediating and moderating roles of organizational mindfulness in 
the relationship between cloud computing adoption and firm performance across private 



sector organizations in Kenya, a developing country."

"By using organizational mindfulness as a theoretical lens, the study advances 
understanding of how organizations in developing countries can adopt and benefit from IT 
innovations."

"The reason being that organizational mindfulness may be embedded as part of an 
organization’s culture and it would be difficult to separate it from the general 
organizational culture."

"Future research could further examine the processes through which adoption of IT 
innovations impact organizational performance and the role of organizational mindfulness 
could be integrated with other process theories."
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Abstract-Summary

"This research aims at producing a thorough and accurate analysis on how big data as a 
service and business intelligence capabilities provide a series of opportunities for small 
and medium enterprises to succeed in E-commerce."

"The statistical data were drawn from samples of accountants within small and medium 
enterprises, spanning two periods, the period of COVID-19 pandemic and the period of new 
normal."

Introduction

"BI has emerged as a key technology for enhancing enterprise business performance as 
well as a driving force behind the development of EC and e-services [56]."

"Prior studies have shown that BD is an essential long-term tool for EC businesses since 
these businesses need new technology to control and analyze large amounts of information 
and data [57]."

"Starting from these considerations on the lack of an established academic background on 
this specific subject pertaining to the potential role of BAAS in driving EC and BI, an 
analysis on how BAAS can foster the EC and business intelligence capabilities (BIC) in SMEs 
represented the main motivations in this research and underscored chances for theoretical 
and practical contributions."

"The current study is a trailblazer in the field of research since it provides vital new 
information about the extraordinary effects of BAAS on EC in SMEs in developing nations."

Theoretical understanding and foundation

"EC, as a general term, refers to internet technology, based on browser or server 
applications, through which buyers and sellers engage in a variety of trade activities to 



facilitate consumer online shopping, online payment, as well as new business activities 
involving a number of different business activities and other models [58]."

"Almost all of enterprises currently know little about their customers, BI will enable those 
enterprises to understand the tactics and technologies used for data analysis, offering 
historical, current, and forecast views of business information [59]."

"Utilizing BI systems to support strategic organizational operations, such as identifying 
opportunities, threats, risk assessments, and trends in the business environment, is 
referred to as having strategic BI capabilities."

"Operational BI capabilities include exchanging information across business units, 
modeling, and process optimization for service and production [60]."

Research hypotheses corroboration and model formulation

"BD helps the BI to make decision-driven decisions and to identify the unknown facts 
which indeed contributes to taking a step in the process of making a statement in profits 
aspects of the organization [61]."

"BD can make a difference for the BI of enterprises, help them make better strategic and 
tactical decisions as well as create value [62]."

"In accordance with Balachandran and Prasad’s [63] suggestion, BI refers to technology, 
tools, and techniques for gathering, integrating, analyzing, and displaying business 
information to uphold better and quicker business decisions."

"BI is taken advantage by businesses to extract useful patterns through outlier detection, 
process mining, and clustering, such as increasing combustion efficiency, in addition to 
being used as a tool to transform raw data into useful information for better decision 
making for administrative purposes [64]."

"The higher BIC can enable enterprises to extract valuable market information of all 
competitors and determine potential business opportunities in EC."

Material and methods

"A small-scale pilot test was carried out using a sample size of 30 respondents in order to 
verify the reliability of the scales."

"In order to obtain the theoretical and empirical meaning, the measures of EC in this 
research were developed from the contribution of Susanty and others [65] which was 



corroborated from the current literature and testified by small-scale pilot test."

"The high-order and composite construct was used as the measure of BAAS in this study in 
order to gain the theoretical and empirical meaning."

"The criteria applied to assess first-order constructs were then formulated employing the 
outcomes of Wang and others [66] and were testified by small-scale pilot test."

"High-order and composite constructs that were supported by recent literature were used 
as the BIC measures in order to acquire theoretical and empirical meaning."

Result and interpretation analytical observations

"The effect of BAAS (H1: β = 0.202, t value = 4.703; p value = 0.000) underlined a strictly 
positive interconnection with EC."

"The current research was performed to produce a holistic picture on how to succeed in EC 
in both pandemic and the post-pandemic through provide precise and meticulous analysis 
on the perspectives of accountants in SMEs on BAAS implementation and BIC enhancement 
in these two periods of time."

"From an overall perspective, the effect size of BAAS and BIC on EC in the COVID-19 
pandemic seemed to be less than those in the new normal and the BAAS is even verified to 
induce insignificant influence on BIC."

"The plausible for the differences in effect size of all the components in the proposed model 
in the COVID-19 pandemic and new normal as well as the insignificant interconnection 
between BAAS and BIC can be illuminated at the organizational degree and individual 
degree."

Implication and avenues for future research

"The findings of Hoang and others [67] on how SMEs used EC to guide national economic 
recovery after COVID-19 highlighted how several technologies were used, despite the 
pandemic’s short length, to assure organizational survivability and revival in the cutthroat 
market climate."

"According to the statistical results of the current study, BAAS would be the main factor in 
driving BIC improvement and EC success."

"In every developing economy, the government plays an important role in facilitating the 
essential requirements for the development of EC through supplying robust and secure 



online payment options, warranting a stable information technology infrastructure, 
offering sufficient programs, building up awareness of using different means of media and 
education institutions [68]."

"Despite the fact that this study could be regarded as a trailblazing effort to examine the 
connections between SMEs and BAAS, BIC, and EC in the context of the COVID-19 crisis 
over two remarkable periods of time, the interlinks formed in the structural model seemed 
to be treated in a static manner."

Conclusion

"As EC model has been considered as a model with numerous beneficial features, namely 
low-cost and boundless model, easier formulation and operationalization, effective 
marketing opportunities generation, it will allow SMEs to carry on with their operations 
and continue to profit even during the COVID-19 pandemic."

"In order to formulate a new and in-depth insight on the role of BAAS implementation, to 
tap higher potential of BI and EC, an analysis on how BAAS can foster the EC and BIC in 
SMEs represented the main motivations in this research."

"The current research enriches the growing body of literature on the potential of BAAS and 
BIC in EC within SMEs in developing country in both the period of COVID-19 pandemic and 
the period of new normal through provide precise and meticulous analysis on the 
perspectives of accountants in SMEs on BAAS application, BIC enhancement and the 
effectiveness of EC, in these two periods of time."
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Abstract-Summary

"Project managers always aim to simultaneously handle conflicting goals in the 
organization."

"A new mathematical model is proposed that simultaneously minimizes total cost and 
completion time and maximizes the quality in the project management decision problem."

"A linearization technique is presented with attention to variable change and piecewise 
linearization, in which nonlinear function is converted to the linear programming model."

"The other aim of this paper is to introduce a modified version of fully fuzzy multi-objective 
linear programming for the problem."

"For analyzing a fully fuzzy time–cost–quality project management model, a practical 
example of the literature is provided."

"By examining the results of the model with conflicting objectives, two scenarios are 
presented to explore the interactions of conflicting objectives on the project, and the 
results are reported."

Introduction

"Project managers are trying to minimize the schedule of project activities at the 
appropriate time and sequence, depending on the project cost or completion time."

"Project decision makers will save indirect costs and increase direct costs to accelerate the 



project to shorten the project time."

"Compression of the time of activities is one of the ways to reduce the project time with the 
least possible cost and the least increase in resources [69]."

"Reducing the project time is associated with accelerating the critical activities leading to 
more use of resources, which itself means an increase in costs."

"The analysis of compression of the project is dependent on shortening the length of the 
project time by accelerating the number of activities by adding the costs [70]."

Literature Reviews

"Göçken [70] has presented an efficient piecewise linear method to transform the 
nonlinear cost function into a mixed-integer linear programming model."

"Jebaseeli and Dhayabaran [71] solved the TCQT problem by fuzzy integer linear 
programming and estimated the time and cost parameters with a triangular fuzzy number."

"A fully fuzzy linear programming method has been introduced to solve a model with fuzzy 
objective functions, constraints, parameters, and variables."

"In the method proposed by Buckley and Feuring [72], fully fuzzy programming problem 
was turned into a fuzzy multi-objective linear programming problem with maximization of 
objective functions."

"A flexible fuzzy programming problem has been expanded in this method with the use of 
finding all non-dominant sets in multi-objective linear programming."

"At the outset, the fully fuzzy multi-objective problem was converted to an interval linear 
programming problem using the nearest interval approximation (NIA) method."

Project Management Decisions in Fuzzy Conditions

"The function is transformed into a continuous piecewise linear approximation equation 
using a variable change and also by applying the linear piecewise method to be presented 
in the model."

"Information about the project, including the normal time and maximum compressed time 
along with the cost in the normal and crash modes, and information on the quality, the 
weight of activities, and weight of the objectives are expressed by the use of the linguistic 



variables with trapezoidal fuzzy."

"The objective functions of the cost and time and quality are considered to be linear."

"The objective function (2) refers to minimizing the total project time."

Computational Results

"The quality of the project is reduced when the project time goes beyond the normal time 
to the compressed time, and the total cost of the project is always a quadratic function."

"Of this scenario, the proposed model is solved with one objective function so that the cost 
objective function is solved firstly, and then, the time objective function is minimized, and 
the maximum value of the quality objective function is regarded."

"In the second part of this scenario, the objective functions are investigated pairwise 
(simultaneous minimization of the cost and time objective functions, simultaneous 
minimization of time and maximization of the quality, and, finally, minimizing the time and 
maximizing the quality), and the simultaneous effect of all three objective functions is 
considered in the final scenario."

Conclusion

"Since the project managers are faced with several conflicting objectives simultaneously in 
their management decisions, the proposed mathematical model addresses the 
simultaneous investigation of quality, time, and cost, so they are receiving minimum cost 
and time and maximum quality."

"Due to the uniqueness of the projects and the ambiguity in the information and data, a 
developed fuzzy approach is provided in terms of parameters, decision variables, 
constraints, and objective functions that are fuzzy."

"Three important items are concurrently regarded: simultaneous consideration of 
minimizing and maximizing objective functions; simultaneous attention to continuous and 
discrete variables and implementation in a mixed-integer programming problem; and 
problem solving in the case of facing crisp right-hand side (RHS) parameters in the 
constraints, especially in the case of big M. Finally, a practical example is given to examine 
the proposed model with the provided methodology."
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Abstract-Summary

"The literature often excludes the NC responsibility decision, which is a difficult, costly and 
time-consuming task assignment, but also an integral part of the NC management process."

"We propose a semi-automated model we call SANC, which improves the accuracy of NC 
responsibility decisions and significantly cuts their costs."

"We base our methodology on CRISP-DM and extend it to fit the semi-automated NC 
responsibility decision."

Introduction

"In the next few paragraphs, we show a standardized NC management process that 



includes CA, together with a significant decision which is hardly discussed in the literature: 
Who is responsible for an NC?"

"The NC responsibility decision can be referred to as a task-assignment problem."

"Task assignment is a combinatorial problem that aims to optimize pairs of ‘agents’ (NC 
responsibilities) and ‘tasks’ (NC events), while considering operational costs and agent’s 
abilities (Ramezanian and Ezzatpanah 73)."

"It seems that task assignment has not been fully enjoying the data revolution we are 
currently undergoing (Einav and Levin 74), and NC responsibility decisions, a special case 
of task assignment, is no different."

"Our objectives are: (1) To retain or exceed the NC responsibility decision accuracy and 
remove, as much as possible, the human from the loop to achieve cost and time cutbacks, 
while (2) Using available resources such as existing data and reasonable computational 
power, thus ensuring low investment costs."

Method

"SANC extends CRISP-DM (Wirth and Hipp 75), a widespread data-mining standard, to fit a 
general need for semi-automated machine learning processes, and the NC responsibility 
decision in particular."

"The context in which the NC responsibility decision occurs must be learned."

"When the chosen algorithm prediction is “unreliable”, we need to bring the human back 
into the loop to improve the chances of classifying correctly."

"The certainty of a decision is represented by any function of the posterior distribution 
yielded by the ML algorithm."

"The posterior distribution is the conditional distribution of NC responsibility, given the 
information from the NC event."

"If the certainty of an automated decision is above the threshold, it means it is reliable 
enough to be followed through."

"This parameter can differ between organizations and it represents company-specific 
compromises between needs for money, time, and the precision of the NC responsibility 
decision."



Case study and results

"The potential responsibility departments (production line, engineering, supplier and 
logistics) want the NC to be correctly routed and to provide a good starting point for a deep 
investigation; the quality team wants an effective, robust and measurable process; and the 
company’s management wants cost reduction in the form of less NC over time."

"If the PNCL cannot decide on responsibility, the decision is transferred to the Material 
Review Board (MRB), a committee composed of six experienced and senior representatives 
of production, engineering, logistics, suppliers and quality (stage four)."

"Supplier: origin country, whether it is new or experienced, etc These four elements 
underpinned a conceptual database that describes the NC responsibility decision."

"(*) shows that the probability of classifying the NC as a supplier’s responsibility when it 
was an engineering problem is 0.0957."

Discussion and conclusion

"We showed that, contrary to its portrayal in the literature, the NC responsibility decision 
is a complex and wasteful task-assignment process, both in terms of money and time."

"To improve the NC responsibility decision, we developed a model we call SANC (semi-
automated NC) that utilizes existing data and other resources to save costs and improve 
accuracy."

"SANC allowed us to achieve both our objectives for our case study and we indeed retained 
the accuracy of current state NC responsibility decision, while reducing more than 80% of 
labor."

"We found the “business understanding” step to be surprisingly valuable due to the 
incorporation, rather than exclusion, of the human in the semi-automated NC responsibility 
decision."

"We feel that incorporating both human and machine into the NC responsibility decision 
might calm the fear associated with committing to a full-on automated process."

Limitations and future work

"Imagine a semi-automated state courthouse called SASC, where the following sentencing 
method is as followed: the criminal profile of the accused citizen is run through an ML 



classifier that decides whether they are guilty or not guilty."

"If the classifier is certain in its decision, then its classification is followed through."

"The NC responsibility decision fits this analogy, with the MRB as the judge and 
departments as accused citizens."

"Automated classification may be blessed in the eyes of management, but the assignees 
might persist in not being held accountable for the decision made."

"We have proved that the NC responsibility decision can be semi-automated, but the 
question of whether the assignees will follow the automated decisions still needs further 
research."

Smart Progress Monitoring Framework for Building Construction Elements Using 
Videography–MATLAB–BIM Integration [150]

This is a machine-generated summary of:

Arif, Farrukh; Khan, Waleed Ahmed: Smart Progress Monitoring Framework for Building 
Construction Elements Using Videography–MATLAB–BIM Integration [150]

Published in: International Journal of Civil Engineering (2021)

Link to original: https://doi.org/10.1007/s40999-021-00601-3

Copyright of the summarized publication:

Iran University of Science and Technology 2021

All rights reserved.

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.



Abstract-Summary

"The integration of the IP camera and the developed software allowed for automatic as-
built quantity extraction for the concreting in columns, concreting in beams, and block 
masonry, which were the bulk construction activities."

"As-planned quantities were imported to the MATLAB interface to compare with as-built 
quantities, hence providing progress comparative assessment."

"After analysis, the result was 91.5%, which was the percentage completion of the as-built 
quantity in comparison to the as-planned quantity."

"For beam B1, the as-planned quantity was 13.7 cft, while the as-built quantity was 
13.67 cft, which showed 99.8% completion of the activity for beam B1."

"This study aims to provide different mathematical models for the image processing of the 
as-built quantities of the construction activities."

"This study provides a framework for smart progress monitoring, which can be easily used 
on the construction sites by the contractors, while also providing paths for future work in 
developing cost-effective methods for progress monitoring."

Introduction

"Construction progress monitoring has been recognized as one of the key elements that 
leads to the success of a construction project."

"Manual and periodic approaches of progress monitoring do not offer the stakeholders a 
mutual understanding of project performance in real-time."

"By performing real-time construction progress monitoring, corrective measures and 
actions can be taken in a timely manner, thus enabling better project control."

"To update the project’s as-built schedule of the project current progress is required by 
collecting data from the construction site [76]."

"To perform the progress tracking actual progress is compared with as-planned progress 
and automated progress monitoring results assigning the duration of each activity 
precisely [77] and it will result in more accurate project management."

"The developed framework was implemented on a real-time construction project that is in 



progress."

Literature Review

"Existing methods of progress monitoring are costly, time-consuming, low quality, and less 
effective."

"The most suitable way of project control using progress monitoring is to automate the 
methods [78]."

"Various studies have been conducted regarding automated construction progress 
monitoring in the past few years."

"Yang and others [79] provided a detailed review of the literature on computer vision-
based methods for construction progress monitoring both at the project level (visual 
monitoring of civil infrastructure) and the operation level, which included visual 
monitoring of the construction equipment and workers."

"They argued that despite recent technological advancements, there is a limited application 
of automated progress monitoring techniques in the construction industry worldwide."

"Salehi and Yitmen [80] also concluded that image-based data collection techniques for 
automated progress monitoring at a construction site are an inexpensive operation, 
flexible, easy to share, and integrate with other technologies."

Research Scope and Objectives

"There were two main objectives of this study: (1) The first objective was to develop an 
interactive progress monitoring system which effectively monitors the real-time progress 
of vertical members (columns), horizontal members (beams), and block masonry. (2) The 
second objective was to implement the developed methodology in a real-time construction 
project."

"The scope of this study covers three building construction elements only, including 
columns, beams, and masonry."

"A single camera was used for the case project implementation."

Research Methodology

"These included: (1) real-time data extraction, (2) Video interface programming, (3) image 
processing programming interface for progress monitoring (4) modeling, and (5) Progress 



reporting."

"After reviewing through the literature, an interface program was developed in MATLAB 
for accessing the real-time video of the construction site in which the subject elements of 
the study were detected phase-wise on the basis of color detection mechanism for activity 
identification."

"The pixel count (in the image) of the element under study was used with the developed 
calibration regression model (in the case study project) to obtain the progress data, which 
was used for comparison to state the progress."

"After implementation of the aforementioned steps, as-planned quantities were obtained 
from a Building Information Model of the case study project and were compared with the 
real-time quantities (as-built) obtained from the progress monitoring mechanism to state 
the ongoing progress."

Stage 1: Smart Progress Monitoring Framework Development

"Only by identifying the phase, the current as-built quantity of an element under study can 
be correctly labelled to correctly measure progress and for this, RGB values for different 
activities are coded in the video interface program."

"This part of the framework consisted of two steps: (1) Image processing interface and (2) 
extraction of as-built quantities."

"In the image processing interface, the captured snapshot was processed, and the progress 
of the subject element was extracted."

"The developed MATLAB interface was programmed to import the quantities for the 
relevant element identified through the image processing interface, specifically for the 
marked region of interest (ROI), and stores in the array(s)."

"The quantity sheet of the as-built state can be generated during the execution of the 
processing interface, while the schedule of the quantity extracted from the as-planned BIM 
are available in the arrays."

Stage 2: Framework Implementation

"The second objective was to implement the framework through the case study and extract 
the real-time as-built quantities to compare it with the as-planned quantities to report 
progress."



"The image processing to convert 2D pictures to on-site geometric values depended upon 
the relationship between pixels, depth in image, height and length of the real object."

"The equation for horizontal member (beam) is expressed as:where Z is the pixel/length, x 
is the distance from camera to object."

"The equation for area members can be obtained by multiplying the equations for the 
vertical length and the horizontal length.where T is the pixel area/area, x is the distance 
from camera to object."

"For the purpose of extracting an as-planned schedule of quantities for the building 
elements under consideration, the case study project was modeled as-planned using Revit."

Discussion

"The results obtained from the case study give good visual as well as quantitative 
understanding of the progress of the construction activity of specific elements which are 
under observation."

"The percentage of completion for the activities after comparing it with the as-planned 
quantity gives exact values of the progress of the project."

"It is more suitable compared to the manual method of progress monitoring which gives 
hypothetical values based on manual visualization by the field staff."

"A selective number of elements of the structure were selected, which are in the range of 
one IP camera to implement this method for the entire project more than one camera will 
be used to cover more elements."

"Visualization and automatic progress measurement results in better project control."

Conclusion and Recommendations

"This method gave better understanding of the progress of the construction activities, and 
it was more user-friendly to operate, along with less setup cost."

"Since, the image and visualization-based input was being used in the current study, 
therefore it eliminated the erroneous progress measurement."

"The limitation of this study was that a single camera was used and only three elements 
were studied."



"More elements could be studied using a multiple camera system."

"This study gives a low-cost and user-friendly framework for tracking the progress of the 
construction project."

"This framework utilized resources already available and a strong integrated methodology 
to provide real-time videographic access to the site, as well as measures of as-built versus 
as-planned progress (provided by BIM)."
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Abstract-Summary

"This study presents low cost and easily adaptable real-time construction activities’ 
productivity tracking framework for the small to medium size construction companies 
using Survey-Cloud-BIM integration."



"The framework focuses on gathering progress data through construction face survey using 
a typical total station, integrating the data through cloud, and thereafter processes it 
through Dynamo programming to generate data-driven as-built model of an under-
construction project on a BIM platform."

"The data-driven (progressive) BIM models can then be used to calculate real-time 
productivity and compare it with the calibrated productivity that can help project 
managers to take control decisions timely and efficiently."

"The framework was implemented on a case study project to track the real-time 
productivity and progress of three bulk construction activities; concreting in columns, 
concreting in slab and placement of block masonry on the construction sites."

Introduction

"The conventional way of construction activities’ productivity tracking on different 
construction sites is through visualization by the field staff who collects the information by 
simple visiting the site and visualizes the certain percentage of the activity completion with 
his experience and perception."

"Comprehensive structured training to adopt this framework can lead to successful 
utilization of available resources resulting in integrated and automated progress 
monitoring on construction sites."

"This will make it easier to have a detailed understanding of the productivity of the 
construction activities, and based on this information, future’s decision regarding the 
project control can be made."

"Different repetitive and non-repetitive cycle time studies can be performed on different 
construction sites to gather the data for the productivity of different construction activities 
[81]."

"This method considers different factors like number of labors and their productive time, 
rating factor of the construction activity, etc Therefore, cycle time studies provide better 
mathematical ground for the comparison of productivity."

Literature Review

"There are various ways to define productivity of construction activity."

"Productivity rates are low due to the lacking of planning and control over the construction 



activities [82]."

"Lee et al [83] used BIM for progress measurement and productivity measurement through 
3D visualization of the work on the construction site."

"With no specific comparative analysis on construction plan, resources and cost data, faulty 
assumptions and inaccurate measurement on the progress could be made and the mistakes 
such as over-paying to the contractor and oversee of the planned delay might take place."

"The most suitable way of project control using progress monitoring is to automate the 
methods [78]."

"Different integration of manual and automatic data collection be made towards progress 
monitoring and control."

"None of the technologies advocated integrated utilization of traditional surveying (and 
instruments) to BIM and Cloud for automated progress visualization and measurement."

Research Objective, Scope and Methodology

"The main objective of this research was ‘Development of a real-time productivity tracking 
framework for bulk construction activities through Survey-Cloud-BIM integration.’"

"Scope of the study focuses towards productivity of construction activities including 
concreting in columns, concreting in slab and placement of block masonry."

"The cycle time studies for yardstick development were conducted on three building 
construction projects in Karachi."

"Using Survey-Cloud-BIM integration, a real-time progress and productivity tracking 
framework was developed."

"Following the literature review and framework development, productivity cycle time 
studies were conducted for bulk construction activities including concreting in columns, 
concreting in slab and placement of block masonry."

"The productivity of bulk construction activities was tracked and the data was collected 
from real-time building construction projects being executed in Karachi."

Real-Time Productivity Tracking Framework

"The focus of the building face survey was to gather as-built data (i.e., height for column, 



length and width for slab, and length and height for block masonry), and geo-referenced 
Easting–Northing were not significant requirements in this study."

"For each of the three bulk construction activities in scope, a separate script of 
programming using dynamo was developed to generate real-time as-built model in the 
same work space."

"Yardsticks were developed for the bulk construction activities discussed above for 
tracking the real-time productivity by conducting single and multiple cycle time studies on 
different construction sites of Karachi."

"The curves were used to track the real-time productivity of the activity by considering the 
curve as the baseline for the case study project."

"The as-built quantities extracted using the same option for the as-built Revit model 
generated through building face survey and Dynamo scripting."

Case Study

"The spreadsheet data extracted through the as-built construction survey was then 
uploaded to cloud drive to transfer data in real-time from field to office system."

"Every time there is a progress update from survey, the script is run with latest building 
face spreadsheet available in the cloud to generate the latest real-time as-built model."

"The quantities from as-planned model and generated as-built model were extracted for 
columns, slabs and block masonry."

"The extracted quantities from as-built model were then used to calculate as-built 
productivity for the corresponding progress update."

"As for case study project, based on tracking the productivity for columns was found to be 
well above (faster) than the budgeted productivity, but slower than calibrated productivity 
for both progress updates."

"In case of concreting for slab, the actual productivity was found to be slower than both 
budgeted and calibrated productivity, for both progress updates."

Feedback on Framework

"Non-structured interviews were conducted with the focus group to seek their views on the 



proposed framework as conducted by the same principle author in another study [84]."

"The main feedback with the focus group was on the framework and its implementation in 
the industry."

"The focus group agreed to the fact the implementation of this framework on a 
construction project will result in better cost control and thus informed decision making by 
the project management team."

"Focus group agreed that framework implementation will give more accurate information 
of the productivity of construction activities."

"The focus group highlighted several advantages of the framework developed through this 
research."

"The focus group also proposed that framework should be tested on more projects in 
future."

Conclusions and Recommendations

"The study also contributes by developing productivity yardsticks for tracking the 
productivities of the above discussed construction activities."

"Implementation of the framework on a case study project was done to show its 
workability, and the results of the case study for the productivity tracking of considered 
construction activities have been discussed above."

"The productivity yardsticks developed in the study should be used for construction sites of 
Karachi as cycle time data was gathered on different construction sites of Karachi and it 
may differ for other cities of Pakistan due to different productivity rates."

"The part of the framework which needs productivity yardstick development can also be 
automated in future, provided extensive productivity or cycle time data is readily available 
for different type of construction activities."

Study Contributions

"The framework and its implementation as presented in the study are unique in the sense 
that (1) it provides integration to the building face survey data that was not used before, 
(2) utilizes a very ordinary total station for the collection of data that makes framework 
cost-effective as well as adaptable for construction companies in Pakistan, and (3) 
framework helps in generating real-time data-driven as-built model in BIM workspace. (4) 



Development of productivity yardsticks curves for tracking productivity of aforementioned 
bulk construction activities."

"All of these important points make the paper significantly contributing towards body of 
knowledge in project control using innovative mechanism."
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Abstract-Summary

"The adaptive selection slime mold algorithm (ASSMA) is proposed for repetitive projects 



due to multiple concurrent instances."

"It is made by merging the tournament selection (TS) method and the slime mold algorithm 
(SMA) model."

"The new model’s capabilities are demonstrated using a case study of a rural water pipeline 
project, and the outcomes of the ASSMA are contrasted with those of the data envelopment 
analysis (DEA) approach utilized by the previous researcher."

"The ASSMA technique is an effective optimization matching method that can help project 
managers select the best strategy for a given activity."

Introduction

"The success of a project is consistently determined by the three factors of time, cost, and 
quality."

"The fourth consideration in this article's concurrent four-factor optimization of a 
construction project is the environmental impact."

"Because the majority of conflicting factors cannot be coordinated concurrently to 
complete a project, it is imperative to optimize time, cost, quality, and environmental 
effect."

"These methods have been widely employed by researchers to address the three 
optimization issues of time, cost, and quality (El-Razek and others, 85) and time, cost and 
safety (Afshar & Zolfaghar Dolabi, 86)."

"The successful implementation of time, cost, quality, and safety optimization raises 
performance to unprecedented heights (Sharma & Trivedi, 87), creating a variety of 
distinctive results."

"This study applies the concurrent four-factor optimization of time, cost, quality, and 
environmental impact in an infrastructure project (ASSMA)."

"The ASSMA capabilities are fully utilized in this study to facilitate the analysis of time, cost, 
quality, and environmental impact."

Literature review

"Yu and others (88) endorsed the SMA on quantum rotation gates, Houssein and others 
(89) presented hybrid SMA with a differential evolution algorithm to solve the 



comprehensive optimization problem."

"The SMA has not been combined with many different methods or widely applied to 
construction management, especially for crucial objective optimization."

"Afshar and others (90) analyzed a new multicolony ant algorithm which was used to solve 
the time–cost multiobjective optimization problem."

"Ngoc-Tri Ngo and others (91) presented the meta-model optimization algorithm combined 
with computer models to solve the energy use of buildings."

"Vu-Hong-Son and others (92) presented a new hybird artificial intelligent model to 
optimize the material supply chain save cost for construction contractors."

"Son and Khoi (93) optimized the time–cost–quality trade-off problem by using the new 
model of slime mold algorithm for construction projects."

"Son and others (94) presented the optimization algorithm of the dragonfly particle swarm 
for the cost optimization of construction material."

Methodology

"The standard TS selects a sample of k people at random from the current populations, and 
then it selects the competitor with the best fitness."

"The TS process is composed of two steps of sampling and selection."

"XA and XB are two random slime mold positions, and the ability to solve is not explicitly 
mentioned in exploration and exploitation."

"This process aids in the trade-off between exploration and exploitation: The algorithm’s 
position with velocity serves as a compass for the slime mold's trajectory Vc."

Case study

"The essay concluded by suggesting that the qualities given below are sufficient for 
assessing how effectively the proposed ASSMA performs (Abhilasha and Kumar 2019): 
number of solutions (NS): the number of Pareto optimum front solutions, spacing: the 
variance of the separation of Pareto front solutions, mean ideal distances (MID): the Pareto 
front solution’s rate of convergence from the ideal point, spread of nondominant solution 
(SNS): the variety of solutions provided by the Pareto front, quality metric (QM): a variable 
that aids in evaluating the effectiveness of the Pareto optimum solutions found, diversity: 



extending Pareto-optimal solutions, hypervolume (HV): the region of the objective space 
that solutions occupy, epsilon (E): a metric indicating how unsatisfactory a solution set is in 
comparison to the most well-known Pareto front, computional time (CT): the amount of 
time it takes to create a Pareto-optimal front."

"The mathematical model used for the DEA is applied to the basis of effectiveness 
assessment of two different models, determining the ranking of good and poor 
performance, from which it is possible to ascertain which activities are predominant and 
lead to good optimization in finding results, which is one of the intriguing methods for 
future development."

Conclusion

"Project managers in the field of project management must make plans to ensure that the 
project is completed successfully while reducing time, cost, and environmental effect and 
maintaining a high level of quality."

"The basis for proving that the project manager needs a lot of experience and knows how to 
deal with changes arising in the project is that it can be very difficult to achieve the trade-
off of factors, and sometimes project managers have to increase the time and pay extra 
costs for problems that result in an increase or decrease in quality and environmental 
impact."

"The results show that the project implementation approach was successfully used, 
producing the best results with the least amount of time, money, and environmental 
impact."

"Finding the solution with the least amount of time, money, and environmental impact 
while keeping the highest degree of quality is the major goal of a construction project."
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Abstract-Summary

"The popularization and maturity of BIM technology provide a new method and platform 
for the realization of collaborative design of prefabricated buildings."

"BIM applications in prefabricated buildings are mostly stays in the stage of construction 
and production."

"In order to promote the application of BIM in prefabricated building design, this paper 
compares BIM collaborative design with traditional design methods."

"The results show that the effectiveness of the building collaborative design method based 
on BIM is verified through an example."

Introduction

"The popularization and maturity of BIM technology provide a new method and platform 
for the realization of collaborative design of prefabricated buildings."

"The prefabricated buildings are revolutionized by constructing the prefabricated building 
by applying the BIM technology and for deeper design, the 3D visualizations is transformed 
by the 2D designs."

"The BIM technology is utilized by the designers for inventory models buildings for 



prefabricated buildings effective promotion for factory-scale mass production 
achievement."

"The development of prefabricated building construction is therefore promoted by the BIM 
technology."

"Based on the requirements of BIM technology IDM, a conceptual model of PCP 
collaborative design is established to determine the accuracy of BIM model in different 
design stages in order to promote the application of BIM in prefabricated building design."

Literature review

"Authors in this paper introduced the Manufacture and Assembly (DFMA) design and 
combine it with Building Information Modeling (BIM) design for the concept and process of 
DFMA-oriented parametric design development (Yuan and others 96)."

"Authors in this paper detailed and maintained the prefabricated component system 
functional characteristics and potential application value is also enhanced which is 
necessary for the design realization under the support of BIM technology to meet the 
sustainable development requirement of the prefabricated component system (Wang 97)."

"Due to the BIM technology, emerging prefabricated buildings along with structural design 
become very effective and accurate."

"Based on BIM Technology, the prefabricated building material management can reduce 
the occupancy rate of the warehouse as compare to the conventional method and the 
materials quality control is also better."

BIM collaborative design

"It is a collaborative mode in which all professionals carry out parallel design based on 3D 
model in the same environment and complete the design work of the same project through 
information sharing, communication and collaboration."

"Component collaboration refers to the accuracy of 3D model design and the information 
needed for model delivery."

"The PCP model based on BIM systematically describes the relationship among the key 
links of assembly building component design, Professional collaboration, component 
production and so on."

"The design of prefabricated components should be related to the Professional, and the 



model information should be continuously supplemented and improved by using the 
network platform according to the requirements of different Professional division of labor."

"This sequence is the traditional design process, but the three-dimensional model with rich 
information and the efficient network collaboration platform can realize the timely sharing 
of information."

1. Results and discussion

"The utilization rates of funds are improved by the high inventory turnover times and 
material accumulation is reduced."

"Based on BIM Technology, the assembly building material turnover time is reduced to 3 
and the conventional method turnover times reduced to 2."

"Based on BIM Technology, the prefabricated building materials management method 
inventory turnover time is high which raise the transportation cost."

"The prefabricated building material management method transportation in terms of 
transportation times based on BIM Technology is more as compared to that of conventional 
method so in terms of transportation cost, conventional method is better."

"Based on BIM Technology, the prefabricated building material management method 
construction process and the material turnover speed is fast so the warehouse occupancy 
rate is also low."

"There is production of the surplus materials in the construction process; the cost is more 
with the surplus material."

Conclusions

"Prefabricated construction with standardized design, component production 
industrialization, construction installation professional characteristics, based on the BIM 
model as design object."

"Based on the requirements of BIM technology IDM, a conceptual model of PCP 
collaborative design is established to determine the accuracy of BIM model in different 
design stages in order to promote the application of BIM in prefabricated building design."

"The prefabricated building material management method transportation in terms of 
transportation times based on BIM Technology is more as compared to that of conventional 
method so in terms of transportation cost, conventional method is better."



"The prefabricated building material management method warehouse occupancy rate 
based on BIM Technology is 75% and 40%."
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Abstract-Summary

"BIM is a model-based smart nD platform that offers tools for architecture, engineering, 
and construction proficients to plan, design, and manage construction activities more 
efficiently."

"Despite its growing use globally, BIM has not been adopted sufficiently in the Indian 
construction industry."

"This paper presents a bibliometric analysis of the adoption of BIM in the global 
construction and the Indian construction industry."

"It also reviews the adoption of BIM for safety in the global and Indian construction 
industry."

"The bibliometric analysis is carried out in two phases, at first it reviews the adoption of 
BIM globally, and limits the findings to cover BIM adoption in the Indian construction 
industry."

"It reviews the adoption of BIM for safety in global construction and limits the findings to 
cover BIM adoption for safety in India."

"The research highlights the need for BIM in India particularly for safety on construction 
sites."

Introduction

"Building Information Modeling (BIM) has the potential to help organizations to manage 
their work efficiently."

"Autodesk emphasizes the 'Intelligent' 3D model-based process dimension that gives 
Architecture, Engineering, and Construction (AEC) professionals’ insight and tools to plan, 
design, develop and manage buildings and infrastructure more efficiently."

"According to Eastman and others (2011), building models are characterized by: Building 
components are represented with 1) digital representations (objects) carrying computable 
graphics and data attributes identifying them to software applications, and 2) parametric 
rules allowing intelligent manipulation; Components that include data describing how they 
operate as required for analysis and work processes."

"Is 4D BIM, consisting of a time model that adds an extra information aspect to a project 



information model in the form of timing data."

"Integrating BIM with 5D CAD simulation models allows for more efficient, cost-effective, 
and sustainable building development."

Need of Study

"In construction site management, one of the most critical objectives is the safety of the site 
personnel."

"Occupational Safety and Health Administration (OSHA) estimated that every year one in 
ten construction site employees get injured."

"Causes of accidents are identified in many kinds of research such as lack of PPE [98], poor 
safety training [99] and [100], negligence by contractors in safety management."

"The integration of BIM and safety can reduce the risks of accidents on-site [101]."

"Researches such as the integration of BIM and various technologies such as GIS, sensor 
technologies, unmanned aerial vehicles (UAVs) [102], safety planning of temporary 
structure [103], are observed for construction safety purposes."

"There is scope to adopt BIM for timely completion, increased productivity, and safety 
management."

"Although the focus of this study is on “BIM for safety” in the Indian construction industry, 
at first, the bibliographic search includes a broader global perspective so global initiatives 
in BIM for safety are identified and understood."

Methodology

"In phase I, global results observed in part A are limited to state India in part B. Phase II of 
the survey is also divided into two parts, Part A and Part B. Part A of phase II represent the 
adoption of BIM for safety in global construction and part B of phase II represents the 
adoption of BIM for safety in the Indian construction industry."

"For both phases, I and II, search for global results are observed in part A and those results 
are limited to India in part B. Selected keywords for phase I consist of "BIM", "Building 
information modeling", and "Construction"."

"For phase II, Selected keywords are "Building information modeling", "BIM", 
"Construction" and "Safety", further in part B (II), obtained results are limited towards 



"India"."

"Part B of phase II represents the BIM adoption particularly for safety in the Indian 
construction sector."

Phase I: Bibliometric Survey of BIM Adoption on Construction Sites

"Of the total publications in the area of BIM, 19.10% documents are from the USA, 16.41% 
from China, and 10.74% from the UK with the year of publication beginning from 1991, 
proving the level of research in the area of BIM in these countries."

"Areas such as BIM-enabled accident prevention, construction safety, BIM integrating with 
Global Positioning System (GPS) are researched by Teizer marking his last publication in 
this area in the year 2019."

"A total of 160 authors are involved in Indian research publications regarding BIM 
adoption."

"Sawhney with his first publication in the year 2011 (in this domain), explored the areas 
such as lean and green project outcomes using BIM, parametric modeling for outside 
construction, interpretive structural modeling analysis, factors influencing BIM adoption in 
India, marking last publication in 2020."

"The third keyword is ‘BIM’ with 20 documents, followed by the ‘construction industry’ 
with a total 19 times of occurrences."

Phase II: Bibliometric Survey for Adoption of BIM for Safety on Construction Sites

"Phase II of bibliometric survey is carried for BIM adoption in construction, especially for 
'safety'."

"Phase II is also divided into two parts part A and part B, part A of phase II represents the 
global adoption of BIM for safety and part B of phase II represents the adoption of BIM for 
safety in 'Indian' construction."

"Keywords selected for part A (II) are 'BIM', ' building information modeling', 'construction' 
and safety'."

"Part B of phase II regarding BIM adoption for safety in Indian construction revealed a total 
nine documents."

"Studying the statistics of global BIM adoption for safety helps to understand the countries 



with most publications in the BIM topic area, indicative of BIM research."

"Considering India, first BIM research publication is observed in the year 2010 and BIM 
adoption for safety in year 2011."

"Following section discusses the analysis of documents observed for BIM adoption in safety 
in India."

Summary of Phase I and Phase II

"It includes total number of documents that appeared phase-wise and part-wise, top three 
countries with maximum number of documents published, and top three authors with 
number of publications in the bracket."

"Part B in each phase indicates India’s position relative to the top 3 listed countries and 
lists the authors with the most published work in that phase of the study."

Findings and Discussion

"The early stage of this research has thus, primarily focused on identifying the global trends 
of BIM adoption in the construction sector and then narrowing the focus on its adoption for 
safety purposes."

"In phase II, part A explored global BIM adoption for safety and part B explored BIM 
adoption for safety in India."

"The survey was carried out in phase II for assessing the level of the adoption of BIM for 
safety on construction sites."

"The body of knowledge in BIM for safety in India has at its best been scant, there is a huge 
opportunity for researching into the adoption of BIM for safety in Indian construction 
industry."

"BIM adoption in India is still in its infancy, it has not been used in Indian construction for 
safety purposes."
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Abstract-Summary

"This paper presents a power flow management strategy for a Smart Building Micro Grid 
(SBMG) integrated with Electric Vehicles Batteries (EVBs), solar and wind generation in a 
grid-connected architecture."

"Proposed optimal power flow management topology uses Stochastic Model Predictive 
Control (SMPC) architecture to cater the uncertainties caused by stochastic behaviour of 
Variable Renewable Energy Sources (VRES) and load demand."

"Degradation of EVBs has been also incorporated to keep the power flow economical for 
both Electric Vehicles (EVs) owners and micro-grid management authority."

"A mathematical model is simulated on MATLAB to determine levelized cost of electricity 



(LCOE) for the proposed SBMG architecture and grid without VRES architecture."

"With the proposed SMPC optimization architecture a significant decrease of 33% in 
battery degradation has been observed."

"Negative Cash flow is also decreased in terms of replacement cost of batteries by 
incorporating battery degradation in optimization architecture."

Introduction

"Smart energy buildings have a highly efficient energy performance and own their 
individual renewable energy systems while also being connected to the local energy 
distribution grids."

"Smart buildings are supposed to have two-way interactions with the energy distribution 
grids as well."

"Renewable energy may assist such large buildings in raising their energy self-sufficiency 
while also minimizing the environmental emissions at a low cost."

"Proposed coordinated energy management strategy is applied to a number of smart 
buildings with varying energy consumption patterns that create a cluster and exchange 
energy, allowing for the most efficient use of energy provided by indigenous renewable 
sources."

"The Energy Storage System (ESS) such as EV batteries can use to coordinate the usage of 
VRES in micro grid and overall demand on the grid must be kept within feasible constraints 
that prevent smart grid network from failure."

Literature Review

"Just comprising PV energy, an economic evaluation and feasibility study of hybrid micro 
grid Net Zero Energy Buildings is done for two-story building of Pakistan [104]."

"Optimization control and energy management in micro grid systems are evolving into a 
multi-objective “management/ optimization” function that must address technical as well 
as economic issues concurrently."

"Building micro grid energy management solutions present in literature are for small 
buildings and uncertainties of all energy sources (irradiance, wind speed, vehicles 
travelling plans) are not encountered during optimization process, because of processing 
time and complexity issue."



"There is no existence of such smart model that can consider renewable sources (wind and 
solar) for micro grid to power any big and tall building."

"Contributions of this research work are as follows: Introduction of electrical energy 
system integrated with wind, solar, and EVBs into the bahria icon tower as a SBMG."

Case Study Bahria Icon Tower

"Large parking areas have great EVs capacity that can facilitate complex and sell extra 
electrical energy to utility grid as a potential energy provider."

"By selling energy to the utility grid, employing stored power to satisfy critical load 
demands in times of low output from VRES, or when buying power from the utility grid is 
expensive during peak hours, a portion of the profit earned via V2G from resident’s 
vehicles can be reflected on each resident's monthly discounted bill."

"To previous models while addressing energy management in micro grid, such as [105], the 
proposed SBMG's model formulation is intricate due to joint consideration of residential 
and EVs charging demands."

"Unlike traditional energy storage and V2G operations, an EVB cannot be charged fully at 
once thus, making it impossible to provide fully charged EVs to EV owners via instant 
power import from VRES or utility grid."

Energy Management Model of SBMG

"The EVCBs are installed at parks of the building to charge EVs during off-peak hours in low 
electricity rates, and the utility grid purchases available energy of EVs during peak hours in 
high electricity rates."

"The following state-space model can be used to integrate N battery models: The predicted 
charging load profile of EVBs, presented by the large-scale penetration of EVs, may result in 
load changes, which can provide a significant quantity of information to utilize and assist in 
unloading the grid effects [106]."

"To keep the demands below the acceptable limits, operating times of the non-critical loads 
are shifted to the off-peak hours by control room."

"This signal is taken into account in each time slot when power demand of controllable 
non-critical loads is evaluated by energy management system."

"Battery degradation is calculated through capacity loss due to charging and discharging 



during bi-directional power flow explained above."

Results and Feasibility Analysis

"As the real-time data for batteries charging/discharging is derived from the stochastic 
model of EVBs."

"Using DR framework optimizer shifts the load demand from the utility grid into different 
time slots using in system EVBs."

"The instantaneous accumulative charging and discharging EVBs power are acting as load 
and source for the SBMG respectively."

"To cater the stochastic load demand and keep the EVBs prepared for the next trip 
accumulative power in the batteries varies on different steps of time."

"Before its optimization, the demand for battery charging remained almost linear because 
those EVBs are taking power from the system that causes overloading of the network."

"Comparison between the Proposed SBMG architecture and a base system with only utility 
grid to feed the electric load demand of building and EVBs have been extracted from both 
software."

Conclusion

"Implemented controller decreases the network demand stress on the utility grid by 
regulating the connected flexible loads and charging/discharging of EVBs."

"Comparative analysis with the greedy algorithm shows superiority of the proposed 
optimization architecture against sudden variation in power demand by exploiting in 
system EVBs."

"EVBs degradation due to V2G and G2V operation is reduced by 33% using the proposed 
optimization architecture."

"Integration of EVBs to the micro-grid network helped eliminate the grid expansion cost 
which is a huge economic benefit."
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Abstract-Summary

"It uses the community structure method and modularity optimization techniques to 
propose a mapping of the research efforts dedicated to 4D simulation in construction."

"A total of 674 normalized keywords from 386 publications are analyzed, providing a new 
perspective of the keywords’ co-occurrences, clusters and communities."

"The analysis of the keywords identifies the relationships between some big players (i.e., 
“Building information modeling”, “4D CAD”, “Virtual design and construction”, 
“Scheduling”, “Simulation”, “Critical path method” and “Software engineering”); each of 
these keywords leading a specific community, with a total of seven communities identified 
and analyzed."



"Regarding the analysis of the authors’ communities, the total number of authors is 721, 
with a total of 1127 links, showing that while multiple authors have been working on 4D-
related subjects, only a few communities of authors account for most of the activity."

Introduction

"4D simulation is today considered as an example of BIM [107], linking a three-dimensional 
(3D) model to the activity schedule to visualize and simulate the construction process over 
time."

"While the potential benefits of 4D simulation are perceived as high by practitioners, its 
implementation rates in actual projects remains low [107, 108], despite considerable 
research effort having been dedicated to the subject."

"Given that 4D research has co-existed as a research field separated from the BIM research 
domain for a significant period of time, it is still unclear today when and how the two fields 
have merged, since there is virtually no systematic review dedicated to exploring the 4D-
related scientific literature."

"The research presented in this article aims at proposing a systematic literature review 
(SLR) of the referenced research on 4D simulation in the construction industry."

Related Works

"Based on a real case study, Hartmann and Fischer [109] proposed an analysis of 4D 
simulation as a constructability support medium and concluded that 4D models can 
transfer various types of useful information (sequencing, scheduling, design) among 
practitioners to support the decision-making process, even for clients that are not 
necessarily from the construction industry."

"The core features are related to activities’ planning, linking 3D elements to activities, 
conducting 4D simulation, interacting with the 3D model and the fourth dimension, etc The 
usability features relate to the ease of learning and use, the user friendliness of the 
interface, the existing learning resources, etc Collaboration and interoperability are related 
to the interoperability with other systems and include the import formats for both 3D 
models and project schedules, the output formats for the simulation, the bidirectional link 
maintained (or not) with the source files, the collaboration capabilities offered by the 
software (e.g. multidisciplinary models’ coordination) and the communication tools, etc 
Over the last decade, scientific research in 4D simulation has been closely linked to the 
development of the collaborative BIM approach."

Research Methodology



"We present the main steps of the research approach: the data collection, the quality 
assessment, the keywords’ normalization and the data analysis."

"At the end of the normalization stage, the 1245 unique keywords were normalized into 
652 keywords, which were then used in the data analysis step."

"The data analysis consisted of four complementary analyses: an analysis of the keywords, 
an analysis of the keywords’ co-occurrences, an analysis of the authors' communities, and 
an analysis of the evolution of the terminology."

"The analysis of the keywords’ co-occurrences is made by presenting the data in the form of 
interpretable graphs so that it is possible to conduct meaningful analysis."

"The first Excel spreadsheet contains the nodes, i.e., all the normalized keywords, including 
their counts and their unique IDs."

"For the analysis of the evolution of the terminology, the list of the normalized keywords 
was generated per year of publication, from 1997 to 2019."

Main Results

"One can see that the top-ranked keywords are “Building information modeling”, “4D CAD”, 
“Virtual design and construction”, “Visualization”, “4D model or modeling” and 
“Construction management”."

"In this community, the keyword “Building information modeling” is linked to a variety of 
keywords, the most important of which are “4D model or modeling”, “4D BIM”, “Four 
dimensional”, “Construction”, “Progress management”, “Construction planning” and 
“Information technology”."

"All, this community shows that researchers who use the keyword “Building information 
modeling” in 4D scientific literature often refer to the concepts of 4D BIM and 4D 
model(ing) in the context of construction planning and progress management."

"In this community, the keyword “4D CAD” is strongly linked to “Visualization” and 
“Construction management”, suggesting that the keyword “4D CAD” is more associated 
with visualization-related use of 4D simulation in the context of construction 
management."

Discussion

"This work presents some interesting contributions to the understanding of 4D simulation 



research in construction."

"While some of the findings are similar to those presented by that earlier work, this 
research provides a new perspective on the subject, in particular in the use of modularity 
optimization techniques to highlight the main subjects of interest."

"The article also provides a good perspective on the community of researchers working on 
4D simulation in construction."

"It shows that the number of researchers who have published at least one article on 4D 
simulation is significant (721 authors), and, despite the interconnection between a few 
high-impact researchers (Dawood, Kang, Fischer, Golpavard, etc ), the community remains 
very fragmented with small teams quite disconnected from each other."

"As well that the “Scheduling” community strongly relates to the knowledge engineering 
research domain, with the presence of keywords like “Ontology”, “Knowledge 
management” and “Semantic system”."

Conclusion

"This paper mapped the research efforts dedicated to 4D simulation in architecture, 
engineering, and construction by examining the indexed scientific publications."

"This study analyzed the authors’ keywords of 674 normalized keywords from 386 
publications."

"The identified clusters highlight the main research subjects addressed by researchers in 
the field, in terms of 4D usages, planning methods, and optimization techniques."

"Future works could apply this type of study to other industrial sectors such as aerospace 
and automotive engineering, to thereby obtain relevant information on the evolution of 4D 
applications compared to the construction industry."

Assessing the Effect of Building Information Modeling System (BIM) Capabilities on Lean 
Construction Performance in Construction Projects Using Hybrid Fuzzy Multi-criteria 
Decision-Making Methods [157]
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Abstract-Summary

"Integrated and synergistic integration of the two phenomena of lean construction (LC) and 
BIM can reduce errors and losses."

"The main purpose of the present study is to determine effective parameters of the synergy 
of LC technique and BIM system and identifying and evaluating the most important 
application and infrastructure required to apply an integrated model of application of these 
techniques in construction projects in the country."

"The results showed that among the identified BIM capabilities, the ability to integrate the 
database with a weight of 0.201 ranks first, and the standardization function in LC with a 
similarity index of 0.547 is also the optimal solution."



"The results showed that based on the similarity index (CCi) illustration of the process of 
how to form a plan status plan at any time, “The closest solution to the function of 
teamwork culture, the ability to” assess compliance with the initial objectives of the plan 
“The closest solution to the function of continuous improvement/construction based on 
quality and capability” Fast construction and Time and cost optimization “The closest 
solution to the function of continuous improvement/construction based on quality and 
capability” Energy consumption “The closest solution to the function of waste and the 
ability to” Build and control computer scheduling and project budgeting “The closest 
solution to the function of waste be.”"

Introduction

"The building information modeling (BIM) system is highly efficient in solving problems 
such as many changes in different stages of construction and lack of integration in project 
parts, and time and cost management and rework."

"Building information modeling can be defined according to the BIM handbook as follows: 
“A concept for describing instrumentations, processes, and technologies facilitated by 
computer science to display a view of building information, performance, planning, 
construction and finally operation (Eastman and others 110; Afrazi and others 111; Afrazi 
and Yazdani 112; Jahandari and others 113; Fan and others 114)."

"The impacts of adopting value stream mapping (VSM), just in time (JIT), continuous flow, 
and total productive maintenance (TPM) approaches throughout the manufacture and 
erection processes of pre-fabricated steel frames (PSFs) of construction projects were 
explored by Heravi and others (115)."

"In order to evaluate and identify the most essential applications, capabilities, and 
infrastructure needed to use the integrated model, this paper attempts for the first time to 
verify the effective parameters of the synergy between lean construction technique (LC) 
and building information modeling system (BIM)."

Theoretical Foundations

"Lean thinking is an attitude to increase productivity and continuous value creation and 
minimize costs and losses in project-based projects and organizations (Baradaran and 
others 116)."

"Lean construction is an attitude and style of construction that has brought many changes 
to the construction industry; in fact, using the concepts and principles of lean thinking to 
design the production system in the construction industry with the aim of increasing 
productivity, minimizing material waste, time and energy spent to produce the maximum 



possible value, reducing construction time and controlling project cost construction."

"Looking at the lean construction process, this attitude, the process of planning, 
engineering, design, construction, production, and delivery of materials (projects) in better 
compliance with the objectives of project management in transferring maximum value to 
project owners (Abdelhamid and others 117; Afshar and others 118; Naghipour and others 
119)."

BIM and Lean Interaction

"Integrated and synergistic integration of two phenomena of lean construction (LC) and 
building information modeling (BIM) by reducing errors and losses can have a significant 
impact on increasing productivity in different phases of the project (Oskouie and others 
120)."

"Based on their studies on the detailed analysis of the interactions between BIM and Lean, 
these researchers have concluded that there is a kind of alignment between the two 
techniques that, if properly understood, can improve construction processes."

"To examining case studies of the simultaneous use of the concept of Lean and BIM in real 
construction projects, the existence of synergistic contexts and positive results of 
combining these two concepts has been pointed out (Nasrollahi 121; Gerber and others 
122; Liu and others 123; Hamdi and Leite 124)."

"In their research, Clemente and Cachadinha examined and evaluated the synergy of BIM 
and Lean techniques in public construction projects."

"In their research, the use of BIM and Lean for the requirements of modeling in the design 
of sanitary construction projects is examined."

Research Method

"To be, the research method is a quantitative survey that after identifying the capabilities of 
the BIM technique and LC functions based on a hierarchical combination of fuzzy multi-
criteria decision-making method and TOPSIS data are analyzed."

"The questionnaires in this section are based on pairwise comparisons for analysis with 
fuzzy hierarchical multi-criteria decision-making methods."

"After determining the weight of the identified capabilities in relation to BIM by the FAHP 
method, they are prioritized, and the preferred capabilities in the main functions of LC are 
determined by the FTOPSIS method."



"After extracting pairwise comparisons, the analysis of fuzzy multi-criteria decision-making 
methods with coding in MATLAB software was used to provide prioritization models based 
on FAHP and FTOPSIS methods."

"Of this method, language variables are used by decision-makers to determine the weight of 
criteria (n existing criteria C = {C1, C2,…, Cn}) and ranking of options (m possible option A = 
{A1, A2,…, Am}) determined."

Application of the Proposed Framework

"The overall goal of the decision-making process, entitled “Investigating the Impact of BIM 
Capabilities on LC Main Functions in Construction Projects,” is at the first level of the 
hierarchy."

"Using this mechanism and based on the comparison of the final weight results for BIM 
capabilities, a total of the following eight capabilities were selected: Illustration of the 
process of how the design status plan is formed at any given time (P1-3), Construction and 
computer control of project scheduling and budgeting (P2-4), Estimation of costs and 
process execution time automatically (P3-2), Assessment of compliance with the initial 
objectives of the project (P3-7) Coordination in design and construction (P4-1), 
Information retention and integrated model design (P5-1), Fast construction and time and 
cost optimization (P6-1) Energy consumption (P7-1)."

"The experts were asked to evaluate the importance and intensity of the effect of BIM 
capabilities of the main LC functions on BIM capabilities in comparison with each other, 
using the linguistic variables corresponding to the FTopsis method."

Conclusion

"The results of the study of the effect of BIM capabilities on LC operation and their user 
synchronization with the FTOPSIS method in the studied infrastructure projects and 
according to the ranking based on the similarity index (CCi), it was determined that the 
Status of the project at any time “The closest solution to the function of teamwork culture, 
the ability to” assess compliance with the initial objectives of the plan “The closest solution 
to the function of continuous improvement/construction based on quality and the ability 
to” Build fast and optimize time and cost “The solution to the function of continuous 
improvement/construction based on the quality and capability of “energy consumption” is 
the closest solution to the function of waste and the capability of “computer construction 
and control of project scheduling and budgeting” is the closest solution to the function of 
waste."
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Abstract-Summary

"This paper presents a formal model-based methodology to support railway engineers in 
the design of safe electronic urban railway control systems."



"The purpose of our research is to overcome the deficiencies of existing traditional design 
methodologies, namely the incompleteness and the potential presence of contradictions in 
the system specification resulting from non-formal development techniques."

"The proposed solution provides a specification/verification environment that facilitates 
the construction of correct, complete, consistent, and verifiable functional specifications 
during the development, while hiding all the formal method-related details from the 
railway engineers writing the specifications."

"Using this formal model-based methodology, a high-quality functional specification can be 
achieved, which is guaranteed to be more exhaustive and will contain fewer errors than 
traditional development."

Introduction

"Domain engineers are reluctant to use formal methods during the system 
design/development activities, because even though these are claimed to help avoid 
specification errors, their application often requires significant additional expertise 
because they are abstract, computer science-based methods."

"The research described in this article aims to present a case study demonstrating the 
practical utilization of a new methodology that supports railway engineers in the 
construction and verification of formal specifications."

"This set of requirements exhibits all sorts of problems: the lack of correctness, 
completeness, consistency, verifiability, etc During the first phases of the life cycle [125], 
developers aim to analyze this set of requirements in order to significantly reduce these 
problems, and then create systems requirement specifications from it."

"MBSE is a formalized application of modeling to support the life-cycle activities during the 
development [126], which intends to bring together the model-centric approaches of 
various engineering disciplines (e.g., electrical, software)."

Related Work

"The framework is integrated with the third-party Yakindu Statechart Tools modeling tool 
and the Uppaal model checker to provide formal verification of the constructed models."

"The paper by Yul and others [127] presents an application of formal model checking-
based safety verification of a railway interlocking system."

"The novelty lies in the following: (1) it enables the selection and integration of the 



appropriate high-level semi-formal and low-level formal description forms and tools into a 
toolchain that fits the railway field; (2) it illustrates the transformation from the semi-
formal to formal models (this transformation can be partly automated, but the 
transformation rules are not in the scope of in this paper); and (3) the proposed approach 
was created specifically for the railway engineering domain (also taking systems 
engineering best practices into account), where these techniques are not yet widely 
applied."

Methodology

"Hereinafter, it will be referred to as FMBRSE (Formal Model-Based Railway Safety 
Engineering) methodology."

"The result of applying the methodology in a development task is a formally verified, 
validated functional model of the given railway safety system."

"A formal model of a component—when the input function does exist—is made up of three 
elements: the automata representing the functionality, the input (value generator) 
function, and the necessary elements modeling the environment (e.g., modeling of the 
function call sequences, modeling of the timing of actions)."

"The practical implementation of model checking within FMBRSE is based on an existing, 
widely known framework: Uppaal [128]."

"The built-in model checking engine evaluates the requirements given as temporal logic 
expressions over the state space, and reports whether or not they are fulfilled."

Case Study

"In the non_antagonism state, the Topn timer does not run, and the AFault output of this 
function is false (i.e., there is no antagonism between presence inputs of DP)."

"For the DP, this means that the value of the To timer was less than the PTomin parameter 
for the duration while both presence inputs were in the free state (with PFault true)."

"For the DP this means that the value of the To timer was more than the PTomax parameter 
for the duration while both presence inputs were in the free state (with PFault true)."

"If DP detects tram presence, it uses the states 
awaiting_free_without_fault/non_overflowed_CInt8Max and 
awaiting_free_without_fault/overflowed_CInt8Max."



"If the DP has correctly detected the occupancy according to the configuration (PTomaxE 
can be also true or false), the tram presence will remain in the state 
non_overflowed_PTomax."

Results

"For the model checking to be performed, it is not enough to only transform the state 
machines defined in Yakindu."

"The above two additions are needed in the declarations section of the Uppaal model 
compared with Yakindu."

"The transformation of each Yakindu state machine to its equivalent Uppaal process 
template can be easily traced based on their names."

"Sections, we first introduce the automata directly transformed from the state machines 
and then the additional automata."

"The variables, parameters, and constants have identical names in both the Yakindu and 
Uppaal models, so the transformation can be easily traced."

"In the “run” state the component performs the described functionality."

"When this automaton switches from the “start” to the “run” state, a new cycle begins 
(CYCLE!)."

"When the component has finished running, the automaton returns from the “run” to the 
“start” state."

Discussion

"The users are often informally helping to clarify the issues related to the set of 
requirements during the development, even more so with the application of the proposed 
methodology."

"These can basically be divided into three groups: model validation (e.g., row 1), state 
availability (e.g., rows from 2 to 8), and functional requirements described by railway 
engineers (e.g., rows 9 and 10)."

"That the requirements given by domain engineers in most cases cannot be directly 
converted into a CTL formula."



"We rewrote the requirements into an intermediate domain-specific (restricted) language 
(currently under development)."

"The requirements given in the intermediate language were converted into CTL formulas."

"We found that the requirements related to availability are configuration-dependent, while 
functional requirements are configuration-independent."

"That railway engineers experienced difficulties in evaluating the results of requirement 
violations."

Conclusion

"We presented a formal model-based methodology that facilitates the construction of 
correct, complete, consistent, and verifiable functional specifications during the 
development of electronic urban railway control system."

"The process we propose provides a specification-verification environment for railway 
engineers."

"Using formal models and model checking, a high-quality functional specification can be 
achieved, written by railway engineers at the system development level."

"Its novel elements include (1) the selection and integration of the appropriate high-level 
semi-formal and low-level formal description forms and tools into a toolchain that fits the 
railway field, (2) the transformation from the semi-formal to formal models as illustrated 
by the case study, and (3) taking the specifics of the railway engineering domain and the 
best-practice systems engineering into account during the creation of the proposed 
methodology."
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Abstract-Summary

"The objective of the present work is to build and test a framework which makes use of 
process-based software metrics to determine the defects in software projects in an agile 
software development environment."

"A methodological framework based on fuzzy linguistic modelling has been proposed to 
predict the defect density using various process metrics derived from literature studies to 
measure the attributes stated in the agile manifesto."

"The proposed model shows better accuracy (for projects with size ≥ 50 KLOC) as observed 
from statistical results, i.e. RMSE (18.69), NRMSE (0.0110), MMRE (0.0539) and BMMRE 
(0.0585)."

"Results obtained from the linguistic model emphasise the value of concepts related to 
customer involvement and interactions, the collaboration between stakeholders, 
responding to change, i.e. flexibility, team experience, skills, communication and 
coordination, as per agile manifesto."

Introduction

"The effectiveness of process metrics in the agile environment needs to be evaluated as 
little investigations have been undertaken in the literature to examine the process metrics 
which help to measure the attributes stated in the agile manifesto (individuals and 
interactions, working software, customer collaboration and responding to change requests) 



[129]."

"The early prediction studies carried out using these metrics may prove helpful to agile 
teams for quality assurance, but still, a detailed study regarding the advantages of utilising 
these process metrics in fault prediction is required [130, 131]."

"There is a need to develop a model that shall take into account various requirement, 
design and testing metrics that can help agile teams to predict the defects."

"Linguistic assessment of process-based software metrics in an agile environment."

"Build and test the fuzzy inference system to measure the effectiveness of various metrics 
in predicting defects in software projects."

Related Research

"Sambinelli and others [132] in their work emphasised increased customer orientation in 
the ASD process and identification of the use of customer orientation metrics in an agile 
environment."

"This work can be extended by including the process metrics or developing advanced 
models for defect prediction, which makes use of both product and process metrics."

"The measure of these metrics will help to meet the challenges laid by the attributes stated 
in the agile manifesto, i.e. individuals and interactions, working software, customer 
collaboration and responding to change requests."

"They shall take into account the key challenges being faced by agile teams and make use of 
metrics measurement to manage the software development work efficiently."

"These metrics encompass the attributes in the agile manifesto in various software 
development life cycle phases, i.e. requirement, design and implementation, testing."

Fuzzy Theory Background and Definitions

"The theory can translate linguistic information into a fuzzy set."

"Over the last three decades, the fuzzy theory has been used in numerous applications 
ranging in various engineering disciplines, i.e. manufacturing, transportation, image 
processing, control systems, computer vision and expert systems (Guo and Wong [133])."

"Fuzzification is a process of determining the extent to which input data belong to each of 



the fuzzy sets with the help of the MFs."

"It is done to make a crisp quantity fuzzy, or in other words, it is the method that relates the 
numeric values of the crisp inputs to the values of the linguistic terms."

"It is necessary to consider the domain expert in the phenomenon to be modelled so that 
the membership functions can be constructed for the linguistic information related to the 
problem inputs and outputs."

Design of Proposed Model

"4.1 Selection of metrics 4.2 Fuzzifying the metrics using MFs 4.3 Formation of If–then rules 
4.4 Design of fuzzy inference system and obtaining defuzzified output The following 
paragraphs briefly discuss each phase During the ASD process, a great deal of data is being 
produced during software development activities ranging from requirement specifications 
to test developments."

"Under the requirement phase, a total of six metrics are considered as input metrics, i.e. (i) 
experience of specification and documentation staff, (ii) review, inspection and walk-
through, (iii) requirements stability, (iv) customer involvement, (v) vendor management 
and (vi) project planning."

"In the design and implementation phase, nine metrics are considered as input metrics, i.e. 
(i) functional complexity, (ii) scale of new functionality implemented, (iii) programmer 
capability, (iv) development staff motivation, (v) internal communication, (vi) development 
staff training quality, (vii) developer’s experience, (viii) defined processes followed and (ix) 
scale of distributed communication."

Industrial Case Studies

"In design and development phase, the defect density value of project 20 is 0.0282 which is 
obtained as an output of fuzzy inference model with nine inputs (i) complexity of new 
functionality, (ii) scale of new functionality, (iii) programmer capability, (iv) development 
staff motivation, (v) internal communication, (vi) development staff training quality, (vii) 
development staff experience, (viii) defined processes followed and (ix) scale of distributed 
communication assessed linguistically as very high, high, very low, very low, low, high, high, 
high and high, respectively."

"For the testing phase, the defect density value for project 20 is assessed, which comes out 
to be 0.0187."

"The total number of defects with project size up to 10 KLOC, between 10 and 50 KLOC and 



above 50 KLOC is calculated."

Threats to Validity

"The authors used the case study approach to examine the proposed fuzzy linguistic 
approach for defect prediction."

"To improve the prediction accuracy of developed fuzzy inference system, the parameters 
of various fuzzy sets of the rules representing the combination of antecedents and 
consequents are trained using back-propagation algorithm."

"In the case study research, the objective is to make a possible analytical generalisation 
[134], wherein the study outcomes are compared with the studies in the literature with 
similar settings and as a result findings are found appropriate."

"This threat has been minimised by developing a framework based upon fuzzy linguistic 
approach for defect prediction in ASD environment using process-based software metrics."

"To improve the prediction accuracy of developed fuzzy inference system, the parameters 
of various fuzzy sets of the rules representing the combination of antecedents and 
consequents are trained."

Conclusions

"Authors found soft computing-based fuzzy set theory as a means to capture and process 
the descriptive information related to process metrics."

"The study proposes a framework based on a fuzzy linguistic approach to predict the defect 
density using various process metrics."

"The proposed model makes use of twenty-one software process metrics related to 
customer involvement and interactions, the collaboration between stakeholders, 
responding to change, i.e. flexibility, team experience, and skills (capability), 
communication and coordination, etc , encompassing various phases in the software 
development life cycle."

"Further, to explain and validate the proposed model, data set related to twenty-nine 
projects from PROMISE software engineering repository has been used."

"The model provides valuable insights to project managers regarding the applicability of 
the process-based software metrics in ASD environment."



"Findings of the study may be extended to develop advanced framework or models for fault 
prediction by considering both process and product metrics."

Conceptual Framework of an Object-Oriented Simulation Approach for Building Construction 
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Abstract-Summary

"Proximity of a simulation model with the real situations in the construction process is an 
ongoing challenge."

"This concern has been remarkably addressed in the recent developments in object-
oriented simulation (OOS) approach."

"The literature lacks in a generic OOS approach that could be easily tailored for a wide 
range of construction processes, while ensuring accuracy and reliability; accordingly, the 



present study has developed a conceptual OOS framework."

"As the initial step, a thorough review of the literature was made to critically analyze the 
existing simulation models."

"The present modeling approach consists of four major components: (1) object 
identification, (2) object interchangeability, (3) object parameters, and (4) object 
progression."

"By implementing this approach to real construction processes, it has been established that 
this method enhances model accuracy and leads to better understanding of the 
construction processes, thereby reducing dependency on assumptions and abstractions 
that are inevitable in simulation models."

Introduction

"Many studies emphasized the increased use of simulation owing to its flexibility in 
modeling complex systems and accuracy in mimicking reality [135, 136]."

"To be specific, the object-oriented simulation (OOS) has incorporated more potentialities 
than before, which has reduced the amount of model abstraction and assumption."

"With the recent advancement in modeling and simulation, these steps need to be revisited 
to enhance credibility and accuracy, and to ease verification and validation."

"An OOS framework was developed in the present study, by detailing the first two steps of 
Law and McComas [137] in the OOS perspective, with the objective of realizing a rather 
generic, accurate, and realistic simulation model."

"The significance and scope of such a simulation approach was established in the light of a 
critical review of the existing models and approaches for construction simulation."

Review of Literature

"As the initial step towards developing the proposed OOS approach, a thorough review has 
been made on the existing construction simulation models, in order to study their 
potentialities and limitations that could be addressed in the proposed method."

"A lot of studies have been reported on developing models and frameworks for managing 
various processes and aspects of building construction, and tackling diverse issues in the 
industry."



"Du and others [138] proposed object-oriented discrete event simulation (DES) model for 
effective change order management in construction projects."

"The proposed PI-based DES model was developed by using the OOS platform, AnyLogic, 
which was then applied to investigate the change order management process in a 
Midwestern land-grant university."

"BIM and OOS have been widely used for tackling various issues in the construction 
industry, while some works were on developing customized models (THRP, entropy weight 
method &GA, and SCOs) for construction management."

Development of the New OOS Framework

"These two steps mainly address the following: Careful determination of model objectives 
Identification of any performance problems Specification of model parameters and inputs 
Specification of what issues to be addressed in the model Specification of performance 
measures Outline the configuration of the system to be studied The reason behind 
concentrating on these two steps is that the models are usually expressed in terms of goals, 
performance criteria and constraints [139], and most of these expressions are determined 
in these two steps."

"A critical review of these models has exposed the author to a wider spectrum of 
construction processes, thereby gaining a comprehensive understanding on the nature and 
requirements of these processes."

"Eight experts were selected based on certain criteria such as good record of published 
works in the field of simulation and modeling, and high educational background (PhD or 
Master)."

"The experts were briefed about the background and main objectives of the study, before 
starting the interview."

Implementation of the OOS Modelto Construction Processes

"One may realize that identifying a process object is the starting point for any simulation 
model."

"Objects with the following characteristics are of interest to a modeler: Flowing: objects 
that move through part/whole of a process carrying specific information: e.g., maintenance 
work order."

"It is very clear from this example that object-oriented modeling conforms to the nature 



and logic of construction processes."

"To illustrate this, the present model was applied to a concreting process, where the 
generic object is a cubic meter of concrete, and its classes vary according to the structural 
elements such as column, footing, or slab."

"Another benefit of focusing on objects is that it helps the modeler in mapping their 
process."

"In a steel erection process the model objective could be to evaluate steel crew 
productivity."

Benefits of the New Approach

"Retaining model accuracy simplifies model verification and validation that are essential in 
any simulation modeling; i.e., both terms require detailed information about a 
system/process."

"One of the major characteristics of construction objects is that they change their status as 
they move through their processes."

"The proposed method considers the question of interchangeability and progression of 
construction objects, where the modeler performs data collection by asking specific 
questions: What is the generic object of the studied system/process?"

"Maintaining model articulation means more metrics about construction objects such as 
cost associated with them (direct or indirect), waiting times and bottlenecks."

"Focusing on objects and their interrelationship as featured in the present method enables 
the modeler in constructing a quasi-generic simulation model."

"In this quasi-generic model, the modeler only needs to identify quantities of objects and 
their combinations, which vary from one project to another."

Conclusion

"This study has proposed an OOS framework for simulating construction processes."

"It is based on certain concepts of object-oriented simulation, taking into consideration all 
types of construction processes."

"According to construction objects, the proposed method directs the modeler to certain 



path that helps in formulating the simulation model along with the necessary data for 
modeling."

"This method offers several benefits; for instance, creating construction simulation models 
with respect to the concepts of objects, classes and inheritance leads to better 
understanding of a system/process and hence better model articulation."
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Abstract-Summary

"With a strong demand for online education and project management in deeper scope and 
larger scale to better fit COVID-19 pandemic situation, exploring new knowledge of online 
education to make it more effective became vital with the new challenges of STEM 
education."

"To resolve the above problem, this paper focuses on various aspects of online STEM 
education project management where the Enhanced Noyce Explorers, Scholars, Teachers 
(E-NEST) three-tiered structure was implemented during the COVID-19 period."

"Built upon the theories of engagement, capacity and continuity (ECC) and team-based 
learning (TBL), this remote learning model and infrastructure had a positive impact on 
STEM education and project management."

"This indicated that the E-NEST model greatly supported student success and faculty in 
online learning and project management meetings."

"The E-NEST STEM education project was compared to two other project management 
models along with the previous NEST curriculum."



"The comparisons attest that the E-NEST project developed excellent and innovative online 
platforms for student learning with project management and ECC and TBL applications."

"This research can be used to constructively develop more online STEM education learning 
models and platforms and integrate new practice and technology globally."

Introduction

"How will we constructively develop project management and STEM education learning in 
educational computer systems throughout the duration of the pandemic period?"

"We present an online STEM education project management strategy using the Enhanced 
Noyce Explorers, Scholars, Teachers (E-NEST) three-tiered structure (Shen and others, 3) 
during the pandemic period."

"The results from all of the above qualitative data demonstrated that the STEM education 
remote learning and project management model was beneficial in teaching and learning for 
students and faculty."

"The project evaluation and survey data indicated that the E-NEST three-tiered structure 
supported student and faculty success by using modified project management and distance 
learning approaches in STEM education."

"This study investigates the students’ observations of the impact of the three-tiered 
infrastructure of project management and E-NEST programs using the enhanced theories 
of team-based learning and engagement, capacity and continuity in online learning."

Methods

"Noyce explorers and scholars participated in 2021 summer workshops with team-based 
learning (TBL) activities where the following research tools were utilized by the program 
evaluator: remote focus group interviews, one-to-one student interviews and anonymous 
surveys to collectively assess E-NEST remote learning."

"The external evaluation was guided by five broad questions, each of which cuts across 
both the three tiers (Explorer, Scholar and Teacher) and foundations of project delivery 
(capacity, engagement and continuity and team-based learning): (1) To what extent, and 
with what quality, does the project team implement the strategies and develop outputs 
proposed for the project? (2) To what extent are diverse STEM students recruited to the 
teacher education program? (3) How effectively are those students prepared to be STEM 
teachers, considering student teaching, degree completion and teacher certification? (4) To 
what extent are students retained through educator preparation and induction processes? 



(5) To what extent do program graduates demonstrate effectiveness in terms of both 
teaching practices and impact on K-12 student learning?"

Results and Discussion

"The project evaluation and data validates that the remote three-tiered infrastructure of 
project management and E-NEST program using the enhanced theories of team-based 
learning and engagement, capacity and continuity have effectively supported students and 
their academic achievement."

"The E-NEST project management team successfully adapted to remote learning content 
wholly online."

"Students successfully motivated students in STEM education using culturally responsive 
teaching and modified engagement, capacity and continuity and team-based learning 
applications of theories remotely."

"The overall findings from project evaluation and online survey and focus group interview 
data significantly demonstrated that Noyce explorers and scholars highly approved of the 
E-NEST remote learning platforms and project management."

"The data confirms that project faculty developed effective online platforms for student 
learning."

"The E-NEST’s project management allowed students to constructively learn in remote 
environments with best practices of classroom and time management consistent with 
PMBOK and PCM guidelines (Crisan, Muresan & Ilies, 2)."

Conclusions

"The E-NEST project applied teaching and project management strategies remotely based 
on the modifications of the theories of team-based learning (Ruder, Maier & Simkins, 4) 
and engagement, capacity and continuity (Artis & Washington, 5)."

"The E-NEST STEM education project management model was also compared to (Delisle, 
Jugdev & Thomas, 1) and (Crisan, Muresan & Ilies, 2) along with the NEST curriculum (Shen 
and others, 3)."

"The implications of this study’s findings from qualitative data illustrate that a successful 
remote learning and project management model was developed to teach STEM education."

"This new E-NEST remote learning infrastructure can be useful as a role model for many 



other online educational platforms and contribute to research in STEM education in higher 
education institutions internationally."
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Abstract-Summary

"The agile paradigm for software projects has significantly impacted software development 
worldwide."

"Several aspects of the agile paradigm and its compatibility with various software project 



characteristics remain empirically under-researched."

"We employ a systematic literature review (SLR) to assess the compatibility of agile 
methodology with the characteristics of software development projects."

"We have then explored the position-sentiment regarding each cell of the decision-making 
framework as it is expressed in a wide set of academic articles, to help researchers and 
practitioners evaluate the compatibility of the agile methodology with the software project 
they are dealing with."

Introduction

"This paper addresses the following research questions: What software project 
characteristics are compatible with the agile methodology?"

"For what software project characteristics does little or no evidence exist regarding the 
compatibility with the agile methodology?"

"Some studies have attempted to identify contextual factors that could indicate whether it 
would be better to use agile or traditional plan-driven software development 
methodologies."

"The present study seeks to pinpoint and gain insights into the compatibility of the agile 
methodology with different characteristics of software projects."

"Such visualization enables researchers, practitioners, and project managers to see the “big 
picture” (Gehlenborg and Wong 6) by identifying software project characteristics that 
make a project compatible or incompatible with the agile methodology."

"Using the proposed decision-making framework would assist researchers in identifying 
existing literature gaps regarding the agile methodology application in the software project 
management domain."

Literature Review

"They proceeded to insert success factors extracted from their study into the model 
dimensions to assess the effect of a project and its environmental factors on the agile 
methodology."

"In light of the above situation, the primary purpose of this study is to sketch a 
comprehensive picture of the agile methodology compatibility with software project 
characteristics, i.e., knowledge areas derived from the Project Management Body of 



Knowledge (PMBOK) (PMI 7), in different phases of the software development life cycle 
(SDLC)."

"We identify which software project characteristics have been sufficiently investigated by 
the research community for their compatibility with agile methodology and whether or not 
there is a consensus (positive or negative) about their compatibility with the agile 
methodology."

"We investigate the software project characteristics for whose compatibility with the agile 
methodology there is little or no evidence."

The Decision-Making Framework

"The agile development methodology design aims to facilitate the evolution of software 
requirements at any stage along the project (Borque and Fairley 8), we decided to include 
the Definition of Requirements stage in the x-axis (knowledge areas) and not in the y-axis 
(SDLC)."

"Since this occurs over all the stages according to the agile approach, it appears in the 
knowledge area axis and not in the SDLC axis. (3) For Project Schedule Management we use 
the term “Schedule.” (4) For Project Cost Management we use the term “Budget.” (5) 
Project Quality Management becomes “Quality.” (6) Project Resource Management 
becomes “Productivity” since resource management is examined from an efficiency and 
productivity perspective. (7) Project Communication Management was split into two 
subareas: “Communication “and “Decision making”. (8) For Project Risk Management we 
use “Risk.” (9) Project Procurement Management and (10) Project Stakeholder 
Management are not relevant to the agile development context of this study, and our matrix 
does not include them."

Research Methodology

"The purpose of this study was to examine evidence from software development projects 
using the agile methodology to assess the compatibility of this methodology with the 
various characteristics of a software project."

"To construct the search string, we grouped the set of keywords with the Boolean OR 
operator, and combined the different OR clauses with the Boolean AND operator as follows: 
(agile OR scrum OR XP OR extreme programming) AND (software OR project OR team) 
AND (quality assurance OR testing OR architecture OR design OR development OR 
maintenance) We adjusted the search string to the syntax of each electronic database 
search engines used and applied it to the studies’ titles, abstracts, and keywords."



Results

"Around 54% of them adopted the use-case research method (single and multiple), 27% –
the survey method, 14% – a systematic literature review (SLR) or systematic mapping 
study (SMS), 2% leaned on an experiment, and 2% used a different evaluation research 
method than the mentioned categories."

"They make up approximately 45% of the published primary studies."

"The other listed journals published each 5% or less of the primary studies."

"The data item “agile method” is extracted only from primary studies investigating a use 
case."

"Since a use case may simultaneously employ several agile methods, the total number of 
agile-method use instances in the reviewed use-case studies (108 examples) is higher than 
the total use-case studies (68 studies)."

"The remaining agile methods were only 22% of the use cases reviewed."

Discussion

"Several studies report that the agile methodology negatively affects productivity in large-
scale complex projects [S34, S45, S93, S101]."

"Although the decision-making framework data reveals scant research evidence of the agile 
methodology performance in maintenance and its effect on project characteristics, recent 
studies indicate that using the agile methodology negatively affects maintenance activities."

"Despite evidence of highly positive effects on requirements during the development phase 
and on quality and communication during both the development and QA phases, the agile 
methodology does not appear to be compatible with large-scale, complex projects, projects 
with distributed settings, or whose team members are not sufficiently skilled."

"They could, for example, utilize a plan-driven methodology for the architecture and design 
phase, an agile methodology for the development phase, and a revised agile methodology 
for QA, thus making better decisions by selecting or adjusting their development approach 
to each project."

Conclusions



"The decision-making framework proposed in this study comprehensively overviews the 
agile methodology."

"A second limitation is the risk of personal bias in several processes performed manually, 
such as evaluating the sentiments in each primary study and assigning them to the 
appropriate cells in the decision-making framework."

"The decision-making framework systematically offers a comprehensive picture of the agile 
methodology’s effectiveness in various aspects of software projects throughout their life 
cycle."

"Each cell of the decision-making framework shows whether the researchers are in solid 
consensus (positive or negative) or an ongoing debate about a project’s compatibility with 
the agile methodology."

"Future research should also investigate agile scaling frameworks such as SAFe 
(Leffingwell 9) DAD (Ambler and Lines 10) LeSS) (Larman and Vodde 11), and hybrid 
frameworks designed to support large-scale and complex projects with distributed 
settings."

"Future research could investigate the effectiveness and risks associated with adopting the 
agile methodology for large-scale projects, especially case studies of different 
organizational settings."

Extending the Project Management Body of Knowledge (PMBOK) for Data Visualization in 
Software Project Management [29]

This is a machine-generated summary of:

Couto, Julia Colleoni; Kroll, Josiane; Ruiz, Duncan Dubugras; Prikladnicki, Rafael: Extending 
the Project Management Body of Knowledge (PMBOK) for Data Visualization in Software 
Project Management [29]

Published in: SN Computer Science (2022)

Link to original: https://doi.org/10.1007/s42979-022-01168-z



Copyright of the summarized publication:

The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd 2022

All rights reserved.

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.

Abstract-Summary

"Most of the tools adopted for software project management are based on textual reports."

"The implementation of data visualization using techniques and tools for project 
management can help identify and prevent project issues such as unexpected budget 
increases, unrealistic deadlines, lack of clear goals, and success criteria."

"The results from the evaluation show that our proposal adds support to visual project 
management and helps to identify the status and progress of the project quickly and 
prevent future issues related to communication."

"Our proposal was also found to be helpful for less experienced software project 
managers."

Introduction

"There are several known challenges for DV in software project management (SPM) such as 
different processes adopted for SPM, diversity of software development teams and DV 
techniques, and management of data sources and code repositories."

"In the project management field, the use of DV techniques and tools allows the mapping of 
large amounts of data to visual patterns that aid human information processing [12] and 
help in reducing cognitive bias."

"Visual project management can bring many benefits to Software Project Management 
(SPM), enabling managers to view and understand large amounts of data quickly and 
efficiently."

"Data visualization can help managers obtain insights from project issues, as well as 



discover a new point of view of the data."

"In Couto and others [13] we proposed an extension for the PMBOK Guide consisting of the 
addition of two new processes named 10.4 Plan Data Visualization and 10.5 Implement 
Data Visualization."

Software Project Management

"This study focuses on the Communications KA because data visualizations are inserted in 
its context for visualizing project information."

"PMBOK Project Communications Management is currently composed of three processes."

"10.2 Manage Communications - a process that certifies that project information will be 
collected, created, distributed, stored, retrieved, managed, monitored, and arranged in a 
timely and appropriate manner."

"10.3 Monitoring Communications - a process that ensures the project and stakeholders 
meets its information needs."

"The PMBOK guide points out that because each project is unique, processes need to be 
adapted according to some factors such as physical location, stakeholders, language, 
communication technologies used, and how knowledge is managed in the project."

"Project documents can present data visualization techniques, and PMBOK lists 33 
documents as the most commonly used project management communication models."

"Our study further investigates project management and the usage of data visualization."

Visualization Techniques and Tools for Software Project Management

"We conducted a Systematic Mapping Study (SMS) to identify which visual management 
techniques and tools are generally used for project management and which ones are 
applied in project management in the Software Engineering field."

"We asked the participants to select the provided techniques or tools they would use for 
each processes group."

"The majority of tools and techniques (50%) reported in studies were developed to 
support DV for Engineering, Architecture, or Construction projects, followed by Software 
Engineering (SE) projects (42%)."



"Regarding the PMBOK, we found that practitioners use the following DV techniques and 
tools in all project process groups: kanban, bar chart or columns, line chart, and 
dashboard."

"The maximum score that a technique or tool could have in each question would be 26 
points, i.e., when all the participants and all sessions informed that they would use the 
technique or tool in a specific group of processes."

Development of an Extension for the PMBOK Guide

"Of this process, the communication management plan and project documents must be 
updated to include DV techniques and tools."

"EEF that may influence the Plan Data Visualization process include: Published material, 
including papers about applicable DV techniques; Academic studies; Benchmarking results; 
Global, regional, or local trends, practices, or habits; Organizational governance structure; 
Organizational, stakeholder, and client structure and culture; Geographic distribution of 
facilities and resources; Specific project document standards; Guidelines and criteria for 
defining the set of visualization techniques and tools to be used; Established channels, 
tools, and communication systems; Project management information systems."

"The following topics related to the project should be considered to plan the project DV: 
Knowledge of SPM; Knowledge of tools and visualization techniques that can be used to 
support the communication of information; Data interpretation and contextualization; 
Organization communication technologies; Organization policies and procedures on legal 
requirements for corporate communications; Communications with the public, community, 
media, and in a global environment - between virtual groups; Project and communications 
management systems."

Evaluation of the Extension Proposal

"To validate our proposal, we conducted a user study to evaluate the proposed extension in 
terms of alignment with the PMBOK Guide and its applicability in SPM."

"We design our user study to evaluate the applicability and alignment of the proposed 
PMBOK extension for DV in SPM."

"The majority of the participants gave high scores to the proposal’s applicability to SPM 
and its alignment to the PMBOK Guide."

"We also observe that some participants disagree with the proposal’s applicability and 
alignment within the PMBOK Guide."



"Participant 8 highlighted how important our proposal is for the software industry: “it [our 
proposal] is important and ’super’ [very] valid to have technical options in BoKs [PMBOK 
Guides], as they serve as a reference for using [applying it in SPM]. [...]”."

Conclusions and Future Work

"Prior to this study, extensive research was conducted in the project management area to 
understand how software project management can benefit from using data visualization to 
increase the projects’ success."

"We evaluate our PMBOK extension proposal for data visualization in software project 
management that was built in our prior research."

"We conducted a user study to evaluate our proposal regarding its applicability in software 
project management and its alignment with the PMBOK Guide."

"Our results are also promising, and they show that our proposal is applicable for software 
project management and is aligned with the PMBOK Guide."

"The experts found that adding two new processes to the current PMBOK structure is 
relevant, and we believe that this result is important to show that our proposal can be 
incorporated to support project management activities in the software industry."
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Abstract-Summary

"Sustainability and project management are two trends that have taken global interest in 
the last decades due to their significant role in various fields of life."

"Some of these obstacles have been addressed in recent studies with suggested solutions, 
but the role of project management in overcoming or even mitigating the risk of these 
obstacles was almost absent in most of these studies."

"This paper attempts to observe the most important obstacles facing the application of 
sustainability in the construction field and taking the green construction situation in Egypt 
as a case study."

"This paper aims to investigate the role of project management in green building projects’ 
success, through project management best practices’ applications to overcome the main 
reasons that obstruct the green building projects movement."

"The results showed that there is a lack of management methods that address sustainable 
construction projects."



"Some defined obstructions could be overcome by project management’s best practices and 
methods."

Introduction

"Green building applications at the project level were considered."

"The lack of green buildings in developing countries and the gap between the percentage of 
the registered projects and the certified projects from green building rating systems in 
countries like Egypt indicates that there are some obstacles facing this kind of project in all 
project phases."

"This paper aims to investigate the obstacles that face green building applications in 
developing countries due to the size of the challenges that face these projects there and 
takes Egypt as a case study."

"The study observed challenges facing project managers or green building administrators 
in this project through a questionnaire and online interviews with them."

"The study attempted to find solutions through project management best practices to 
overcome the main reasons that impede the green building movement in developing 
countries like Egypt."

Literature review

"A few studies realized the role of project management in sustainability and green 
building’s success; however, the existing studies are still insufficient [14]."

"It is noticed that most previous studies care about studying sustainable management and 
environmental management, but few of them address project management and its great 
role in sustainable and green architecture."

"Green buildings must be viewed as a comprehensive solution that integrates sustainable 
principles throughout the project life cycle, from project planning to design, construction, 
and operation, rather than simply as a collection of green materials, technologies, and other 
environmentally friendly innovations [15]."

"There is the methodology of (Project Integrating Sustainable Methods (PRISM)) which was 
introduced in 2013 by the international organization of green project management (GPM)."

"Another important aspect in addressing the integration between project management and 
sustainability or green buildings is the contribution of the project managers to the success 



of sustainable projects."

Methods

"Following the SLR, an online questionnaire and interviews with project managers and 
sustainability consultants were conducted to determine how green project buildings are 
managed in Egypt, a more specific ranking for the most affective challenges that obstruct 
green buildings in Egypt from the challenges identified previously in previous studies, and 
finally to determine how the green building situation in Egypt could be improved."

"The questionnaire consists of 18 questions with two types of questions, open questions, 
and multiple-choice questions aiming to benefit from the experience of project managers 
and to define obstacles they faced in managing green building projects in Egypt, the main 
aims need to be elicited from the questionnaire as follows: 1."

"The main obstacles that project managers face when managing green buildings in Egypt."

Results and discussion

"From the systematic literature review, the research reached an important hypothesis, 
which is that green building situation in Egypt could be improved and go faster in steady 
steps by developing and improving the project management methods used in 
implementing the green building projects."

"To experiment research hypothesis, it is needed to know how green building projects are 
managed in Egypt and study the management methods used in these projects."

"This section of the study aims to investigate how green-building projects are managed in 
Egypt."

"Discover if the way of managing these buildings affects project success in achieving the 
sustainability goals and whether it is among the factors leading to the obstruction of the 
construction of green buildings in Egypt."

"An online questionnaire and interviews were conducted with Egyptian project managers 
and green building administrators (with experience of 3 to 20 years in green buildings) 
who worked in green buildings in Egypt, whether registered or certified buildings, under 
LEED or GPRS."

Conclusions

"The roles of project managers and green building consultants are unclear."



"As, the concept of a green project manager is missing, the person who has the project 
management knowledge, including management methodologies, methods, tools, and 
techniques, and has leadership skills to lead the entire project team and organize all project 
processes in an integrative manner holistically in the context of sustainability."

"There should be a distinction between the roles and responsibilities of project managers 
and green building consultants."

"Research on green building project management should be encouraged, especially at the 
local level, due to its important role in the success of the project, overcoming the obstacles 
that may face this type of construction, and the ability to organize the process and 
coordinate between several of its elements."
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Abstract-Summary

"This paper aims to present a conceptual framework for Project Management on supply 
chains in the context of the Fourth Industrial Revolution (Supply Chains 4.0), taking into 
consideration the gap that exists regarding this subject in the literature."

"Considering this significant gap, a conceptual framework has been proposed by combining 
some constructs of Supply Chain 4.0 with the ten knowledge areas of the PMBOK - Project 
Management Body of Knowledge framework."

"This conceptual framework is herein named Supply Chain Project Management 4.0 – SCPM 
4.0."

"Although this conceptual framework is not based on empirical research, it brings a 
relevant contribution to both researchers and practitioners, since it is a unique approach 
concerning Project Management for supply chains in the Industry 4.0 age."

"This paper is novel, considering that it addresses a significant knowledge gap linked to 
Project Management for supply chains in the context of Industry 4.0."

"Notwithstanding, this article helps researchers on the deployments of future researches 
regarding Project Management in the Industry and Supply Chain 4.0 areas."

Introduction

"This is relevant, considering the following arguments: 1) It fills a relevant gap in the 
literature related to the subject of Project Management in supply chains, especially in the 
Industry 4.0 context 2) The PMBOK is the most recognized and comprehensive 
methodology for Project Management in the world, and even it may have limitations to be 
further explored, this work stands out as an initial point for this knowledge gap 3) This 
work significantly contributes to the academic audience by showing insights for future 
empirical and literature review researches as well as for the practitioners involved in 
Supply Chain 4.0’ programs who need specific methods and guidance to effectively 
implement such initiatives, as part of the managerial issues."

Literature review and gap analysis

"Project Management subject in the context of Industry and Supply Chain 4.0 is scarcely 
presented in the literature."

"In a search conducted through the Web of Science and Google Scholar databases, the 
following keywords criteria were used to look for relevant research by checking for their 



presence in the title or abstract: (Project Management*) AND (Industry 4.0*) AND (Supply 
Chain*) OR (Project*) AND (Industry 4.0*) AND (Supply Chain*)."

"Two (2) articles were present on the search because the word project was used in terms of 
the research project which were related to Industry 4.0 or Supply Chain 4.0."

"The same occurs for the word “Supply Chain 4.0”, which evidences that Project 
Management has not been approached as the main subject of these researches and even 
less on the Supply Chain 4.0 context."

"This demonstrates a gap linked to Project Management methodologies for the Industry 
and Supply Chain 4.0 context."

Conceptual framework for Project Management in Supply Chains 4.0

"According to the proposal of this paper, the PMBOK’s knowledge areas might collaborate 
to create a better scaffolding on the construct of Managerial & Capabilities Supporters, as 
an effective methodology for conduct Supply Chain 4.0’s projects and programs on the seek 
for a successful implementation of the Technology Levers."

"Considering the Supply Chain 4.0 framework proposed by Frederico and others (16), 
Project Management methodology may also collaborate for a higher maturity of Supply 
Chain 4.0 programs, succeeding in the implementation of Technology Levers and then 
improving Supply Chain Processes."

"The PMBOK contains ten main areas of knowledge, being considered as one of the relevant 
methodologies to well manage projects and programs."

"Project Management for Supply Chains 4.0 is developed according to the PMBOK’s 
knowledge areas."

Conclusions

"Although these articles considered Project Management in the Industry and Supply Chain 
4.0 context in some way, they are not related to the Project Management methodologies."

"With regard to the answer for RQ2, the sample of articles showed that the literature 
approaches the project in the Industry and Supply Chain 4.0 context in four perspectives: 
1) as an object of study, 2) as a method or tool to support project management, 3) as a 
solution development for specific projects and 4) as a research project."

"What are the main required skills for effective management of projects and programs 



related to Industry and Supply Chain 4.0?"

"How to develop effective communication across the areas and stakeholders involved in the 
management of Industry and Supply Chain 4.0’s projects and programs?"

"How to effectively engage and manage the stakeholders involved in Industry and Supply 
Chain 4.0’s projects and programs?"
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Abstract-Summary

"The Principal signs the contract for task execution in which he determines the amount and 
regime of payments to each of the contractors; in the second stage, the contractors choose 
their own work rates."

"The characteristics of the optimal contract for each payment regime are numerically 



simulated."

"In accordance with the comparative analysis of the simulation results, the project manager 
(Principal) benefits from choosing the contract with different payments for the contractors 
and the payment regime upon completion of tasks."

Introduction

"This technique has been developed for the randomly distributed execution times of 
individual operations and the entire project; see [17, 18, 19]."

"The project management problem with contractual relations becomes much more 
complicated if the completion time is a random variable."

"The theory of an optimal project management contract has not been elaborated so far."

"In the cited work, the authors investigated a two-stage game-theoretic model of project 
management with the same contractors and exponentially distributed task execution times, 
for which they succeeded to estimate the optimal amount of payments under the contract 
with the payment regimes upon completion of tasks or upon implementation of the entire 
project [20]."

"In accordance with the comparative analysis of the simulation results, the project manager 
benefits from choosing the contract with different payments for the contractors and the 
payment regime upon completion of tasks."

Model of Project Management Contract with Identical Payments

"The Principal concludes a contract with each contractor for the execution of the assigned 
task, in which he determines the amount and regime of payment."

"Under the second payment regime (upon implementation of the entire project), each 
contractor will receive his payment only after all the project tasks have been completed."

"Assume that the task execution time Xi is an exponentially distributed random variable 
with a parameter ri > 0, which is the work rate of contractor i, chosen by him at the start of 
the project (the time instant t = 0)."

"Under the payment regime upon completion of tasks, each contractor i will benefit from 
joining the project’s team if The Principal’s expected payoff function is given by where Q > 
0 denotes the project’s income obtained by the Principal from the customer for 
implementing the entire project."



"Under this payment regime, the contractor is paid when all project tasks have been 
completed."

Contract Model with Different Payments

"Consider a contract model with the payment regime upon completion of tasks for the case 
n = 2, in which the order of task completion is stipulated in the contract and affects the 
amount of payment."

"The Principal offers two contractors a contract for the execution of project tasks, 
stipulating that all payments will be made upon completion of tasks, but the amount of 
payments depends on the order of task completion."

"In the case of different payments to the Principal depending on the order of task 
completion, it makes sense for the remaining contractor to change his work rate."

"In this stage, the payoff function of contractor i depends on the task completion time of 
both contractors."

Numerical Simulation of Optimal Contracts

"Compare the payment regimes upon completion of tasks and upon implementation of the 
entire project."

"Consider an example of the optimal behavior of participants under the regime D with 
complete information about the status of tasks, in order to perform numerical simulation 
and to analyze the sensitivity of the amount of optimal payments to the model parameters."

"Under the regime D (payment upon implementation of the entire project) with complete 
information about the status of tasks, the contractors are assumed to become aware of the 
completion of each contractor’s task."

"Consider some examples of the project management contract with identical and different 
payments upon completion of tasks."

"Note that for the same values of the model parameters, the Principal’s payoff is greater for 
the project management contract with different payments; see the results of numerical 
simulation above."
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Abstract-Summary

"This study has two aims: firstly, to assess and compare the performance of 
design/bid/build and design/build projects in Lebanon; secondly, to compare the results 
with the performance of equivalent systems in the Far East and the USA, in order to 
identify the similarities between Lebanon and these countries."

"Seven performance indicators were identified in terms of cost, time, quality, 
communication, risk and safety to evaluate the performance of 102 residential buildings 
and tower projects completed in Lebanon."



"The results presented in this study show some agreements between different performance 
indicators when applied to principal project delivery systems in the selected countries."

Introduction

"Project delivery systems define the roles and responsibilities of the parties involved in a 
project and also form an execution framework in terms of the sequencing of design, 
procurement and construction (Liu and others 21)."

"There are various project delivery systems, such as design/bid/build, design/build, 
construction management agency and construction management at risk."

"The DB project delivery system is the one where the client makes contract with a single 
entity to perform both design and construction under a single DB contract."

"In DB, designers work under contractors as one team, and therefore, there is an absence of 
adversarial relationship between contractors and consultants which is found commonly in 
DBB projects (Ratnasabapathy and Rameezdeen 22; Konchar and Sanvido 23; Ling 24)."

"This study was carried out to assess and compare the performance of building projects 
procured through DBB and DB delivery systems in Lebanon, and find out which system 
performs better concerning each performance indicator."

Literature review

"Several studies have conducted quantitative analysis to compare the performance of DBB 
and DB project delivery systems in different countries."

"The results indicate that in Sri Lanka, DB projects show best performance in terms of cost 
and time, while quality is better achieved in DBB projects (Ratnasabapathy and 
Rameezdeen 22)."

"Ling and Kerh studied the performance of projects that used the DBB and DB delivery 
systems in Singapore (Ling and Kerh 25)."

"Their outcomes show clearly that DB projects performed significantly better than DBB 
projects in the area delivery speed."

"In the USA, Konchar and Sanvido conducted an empirical study that examined explanatory 
and interacting variables to predict the performance of DB, DBB and construction 
management at risk projects (Konchar, and Sanvido 23)."



"That research found that projects using DB delivery could achieve significantly improved 
cost and schedule advantages, and produce equal and sometimes more desirable quality 
performance than DBB projects."

Research methodology

"The questionnaire used in the survey conducted by Chakra and others included 24 
questions (Chakra and others 26)."

"Not all those questions are needed in this study."

"The list of questions was filtered in order to limit it to questions that include indicators, 
which are equivalent to the performance indicators of the four studies mentioned in the 
literature review."

"That there are common indicators that measure the performance of construction 
projects."

Data collection

"Further analysis was required to define which projects were procured through DB or DBB 
project delivery system."

"That among the 102 projects, 60 projects were procured through DBB project delivery 
system and 42 DB projects."

"The mean of every performance indicator was calculated from the respondents’ 
perceptions and then used to compare their functioning in DBB and DB project delivery 
systems in Lebanon."

Data analysis

"These results were used to compare the performance of DBB and DB delivery systems in 
the five considered countries in terms of time, cost, quality, communication, risk and 
safety."

"The results of the time indicator (I1) show that in Sri Lanka, Singapore, USA and China, DB 
projects have lower schedule growth; on the other hand, in Lebanon, DBB projects have 
lower schedule growth."

"Many contractors on DB projects in Lebanon rent their construction equipment during the 



high season."

"In DBB, the owner may request more changes throughout the project; however in DB, the 
contractor aims to avoid or minimize design changes during construction in order to avoid 
reworks and additional costs."

"Data from both Lebanon and Sri Lanka support the observation that DB projects perform 
better in communication."

"Lebanese DB projects show better performance than DBB projects."

"In DB projects, the contractors have the responsibility for both construction and design."

Results and discussion

"This study was carried out to assess and compare the performance of building projects in 
Lebanon procured through DBB and DB delivery systems, and to compare the performance 
of both systems with Sri Lanka, Singapore, China and the US projects procured through a 
similar route."

"The outcomes of this study clearly show that the Lebanese DBB projects perform better in 
terms of time, regular inspection of work activities and safety."

"DB projects have better performance in terms of cost, proper storage of materials and 
equipment, communication and risk."

Conclusions

"It is recommended that in Lebanon, for projects to be completed and delivered at a 
specific time, the owner should select the DBB project delivery system."

"When owners need to construct projects that may face a lot of risks, it is recommended to 
select the DB delivery system since most of the risks in this system are borne by the 
contractor."

"This gives a chance for Lebanese investors to invest in such countries using the same 
delivery system they are familiar with as they achieve the same results, since these 
countries use equivalent methods and specifications for their projects."

"Contractors from these countries can have the opportunity to procure projects in Lebanon 
following the same delivery systems they use in their countries and with the same 



outcome."
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Abstract-Summary

"This research proposes a new product development (NPD) framework for innovation-
driven deep-tech research to commercialization and tested it with three case studies of 
different exploitation methods."

"The proposed framework, called Augmented Stage-Gate, integrates the next-generation 
Agile Stage-Gate development process with lean startup and design thinking approaches."

"Early activities focus on scouting for potential socioeconomically impactful deep-tech 
research, developing a business case, market analysis, and strategy for problem–solution 
fit, and then, moving to a build–measure–learn activity with a validated learning feedback 
loop."

"Applying the framework to the case studies results in successful university research 
commercialization."

"The model, case study, and lessons learned in this paper can be useful for other deep-tech 
incubator programs to successfully launch deep-tech research for commercialization."

"The case studies’ positive outcomes validate the Augmented Stage-Gate framework, yet 
their success is not entirely guaranteed due to external factors like regulatory constraints, 
entrepreneur characteristics, timing, and the necessary ecosystem or infrastructure, 
particularly in emerging markets."

Introduction

"For deep-tech innovation to become successful exploitation from the research ideation 
stage until commercialization, it requires a product development model suitable for 
university research initiation and developing market environment."

"To accelerate deep-tech innovation in Thailand, the Chulalongkorn University Technology 
Center (UTC) was established in 2019 as a platform to spring-board academic research to 
commercialization and facilitate among stakeholders within the ecosystem based on triple 
helix model, which promotes the way of working that the government, private sector, and 
academia must collaborate to form a solid, deep-tech innovation ecosystem (Leydesdorff & 
Etzkowitz, 1) to support manpower, finance, know-how, production facilities, regulation, 
and sandbox testing in order to expedite the speed of innovation development."

"The next-generation stage-gate development system integrated with agile development, 
lean startup, and design thinking methods is selected and then applied together with the 



insights obtained from qualitative research as the NPD model to develop successful 
business-driven deep-tech innovation."

Methods

"The interview was conducted at the end of the program and focused on understanding the 
pain points in the research-to-commercialization process in terms of entrepreneurship, 
business development, networking, financial, technology transfer process, progress 
assessment, and goal."

"Information reported (as appropriate to each stage) includes team, research and 
development progress, regulatory process, business plan, project planning and concept, 
product design, milestones, risk assessment, technology verification and validation (MVP), 
market validation, legal activities, IP status, implementation and operations, sales and 
marketing, and financial activities."

"The technology development team participates in a build–measure–learn activity to reach 
the closest version of a commercial product, while the business development team focuses 
on delivering a commercial final version of the business plan, sales and marketing strategy, 
IP strategy, regulatory planning, team formation and financial strategy to select the best 
commercial option with the highest probability of success and return on investment."

Results and discussion

"The case studies below highlight the importance of having an NPD framework that is 
adaptable to deep-tech within university research and emerging market contexts, yet 
extensive enough to cover all the essential components to transform deep-tech research 
into an innovation that has a high-fidelity MVP, an accomplished business and market 
strategy, a clear pathway towards implementation in the real world, and a complete IP 
strategy and technology transfer process from academia IP."

"ReadMe, a national award-winning research project, was a deep-tech text reader that was 
in development for six years, had a research prototype proven well in the lab with a TRL of 
4 and an IRL of 1, was the state-of-the-art Thai text reader that was more accurate than 
other better-known OCR technologies, and is a high-potential technology that could impact 
the business, medical, and transport industries."

Conclusion

"This study develops a modified NPD framework that incorporates agile, lean startup, and 
design thinking to the Stage-Gate model for effective research to commercialization process 
generated from within the university in developing markets."



"Using the proposed Augmented Stage-Gate framework that has six stages (Innovation 
Ideation, Build Business Case, Development, Test and Validation, Launch, and Scale-up), we 
have presented three case studies from the Chulalongkorn University Technology Center."

"The approach is structural and based on critical thinking, which helps the technology 
incubator to accelerate the idea-to-launch process, decide the Go/No-Go of each innovation 
project stage to prioritize resource contribution, and reduce the risk of failure."

"Engaging the Next-generation Stage-Gate’s Triple A System, (Adaptive, Agile and 
Accelerated) and Agile development to the NPD process is very important."

Sustainable smart product-service systems: a causal logic framework for impact design [229]

This is a machine-generated summary of:

Ries, Lena; Beckmann, Markus; Wehnert, Peter: Sustainable smart product-service systems: 
a causal logic framework for impact design [229]

Published in: Journal of Business Economics (2023)

Link to original: https://doi.org/10.1007/s11573-023-01154-8

Copyright of the summarized publication:

The Author(s) 2023

License: OpenAccess CC BY 4.0

This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit 



http://creativecommons.org/licenses/by/4.0/ .

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.

Abstract-Summary

"Transitioning to smart PSS does not guarantee sustainability."

"To understand the impact of smart PSS holistically, we take a two-pronged approach."

"We use the theory of change to conceptualize the causal link between sustainable smart 
PSS and their ultimate impact."

"We develop a three-step causal logic framework consisting of design, causation, and 
impact."

"Within this framework, we identify the business model properties of sustainable smart 
PSS as design characteristics and categorize the eventual impacts based on the triple 
bottom line."

"Visualizing our results, we develop a morphological box as a toolkit for managers to 
develop their own impact-oriented logic model by identifying and activating the multi-
causal pathway that fosters the desired sustainability effects."

"By linking the theory of change with the business model impact, we contribute toward a 
conceptual synthesis for understanding the impact of (sustainable) smart PSS."

Introduction

"More research is needed on the sustainability impacts of smart PSS and the role of 
sustainability within these business models (Kohtamäki and others 2)."

"Extensive research is available on BMPs (design characteristics) and the sustainability 
effects of (sustainable) smart PSS (impact characteristics)."

"By conceptualizing the causal link between sustainable smart PSS and their impact based 
on the theory of change and constructing four types of mechanisms based on our SLR, we 
engage in theory extension, which “borrows theory from outside the field, thereby 
enriching studied content and broadening the available theoretical repository” (Seuring 



and others 3, p. 5)."

"By linking the theory of change with business model impact, we advance the conceptual 
understanding of the effects caused by (sustainable) smart PSS."

"For managerial practice, our morphological box provides a toolkit to develop logic models, 
while our checklist with guiding questions for impact design can assist in innovating 
impact-oriented sustainable smart PSS."

Conceptualizing multi-causal pathways based on the theory of change

"While the business model is a valuable framework for describing mechanisms of value 
creation, delivery, and capture (Teece 4), it does not provide guidance for analyzing the 
causation of sustainability effects."

"Mirroring the logic model’s inputs, the initial design step focuses on how innovators define 
the BMPs of sustainable smart PSS."

"To acknowledge the interplay of multiple causes and feedback loops (Funnell and Rogers 
5, p. 189), we introduce the term multi-causal pathways and define them as the processes 
by which business models contribute to specific sustainability effects through a series of 
steps."

"Conducting an SLR, Geissdoerfer and others (6) identified three design characteristics of 
sustainable business models: sustainable value, pro-active multi-stakeholder management, 
and a long-term perspective."

"As all frameworks have weaknesses, we rely on the TBL to operationalize sustainability 
effects within our causal logic framework because this approach best aligns with the 
accepted understanding of sustainable business models (Bocken and others 7; Schaltegger 
and others 8)."

Methods

"Our search string for Scopus was: TITLE-ABS-KEY((sustainab* OR environ* OR eco* OR 
green OR eco-efficiency OR social OR societal OR ethic* OR csr OR corporate sustainab* OR 
“sustainable development” OR circular* OR closed-loop OR ecolog* OR resource* OR “life 
cycle assessment“ OR lca OR stewardship OR responsib* OR fair) AND (smart* OR digital* 
OR data-driven*) AND (pss OR "Product-Service System*") AND (innovat* OR process OR 
engineering OR design* OR value OR collaborat* OR approach OR framework OR tool OR 
method* OR "Business Model")) The first three clouds represent the three business model 
dimensions of sustainable smart PSS."



"It visualizes all options identified in the literature for the design and impact characteristics 
and the mechanisms linking the two, and thus represents a logic modeling tool for 
managers to identify multi-causal pathways and test hypothesized relationships regarding 
the impact of sustainable smart PSS in business model innovation."

Results

"Studies dealing with customer behavior highlight that this is crucial for the impact of 
sustainable smart PSS because the use phase is often decisive for sustainability effects 
(Haftor and Climent 9; Reim and others 10; Valencia and others 11)."

"Complementary approach, we developed our causal logic framework connecting the three 
business model dimensions of sustainable smart PSS, as well as their mechanisms and the 
TBL effects to explain the causal link between sustainable smart PSS and their 
sustainability impacts (RQ1)."

"To avoid the failure mode of careless customer behavior (D1), operational support is a 
BMP that can induce a change in user knowledge and behavior through a mechanism 
cascade of increased interaction and customer stewardship behavior."

"To operational support, the newly identified BMP behavioral support combined with 
smart BMPs offers potential to reverse the adverse mechanism of careless customer 
behavior (D1)."

Discussion: research propositions and managerial questions for impact design

"Based on the theory of change, we conceptualize a three-step causal logic framework that 
opens the black box between the design and impact of sustainable smart PSS."

"We thus posit: Proposition 2b: The design and management of sustainable smart PSS 
benefit from specific indicators that measure not only the final impact, but also the 
performance of mechanisms in the causation step."

"To previous research (Allen Hu and others 12; Schöggl and others 13), this impact 
approach allows for a more nuanced sustainability assessment of sustainable smart PSS, by 
distinguishing between the actual (dis)value created and the mechanisms that lead to the 
respective effect."

"By distilling a causal logic framework for the impact design of sustainable smart PSS, we 
contribute toward a conceptual synthesis for understanding the effects caused by 
(sustainable) smart PSS."



"To create impactful, sustainable smart PSS, innovators need to consider multi-causal 
pathways."

Conclusion

"We identify BMPs of sustainable smart PSS as design characteristics and categorize the 
impacts based on the TBL."

"By distinguishing design, causation, and impact and identifying individual characteristics 
and mechanisms, our framework aligns the literature on sustainability, smart technologies, 
and PSS, thus contributing to greater conceptual clarity between the research fields."

"By visualizing the BMPs, mechanisms, and potential positive and negative TBL effects, a 
structure emerges for creating a system map of sustainable smart PSS that depicts all the 
critical causal links of the impact logic."

"To realize the opportunities offered by sustainable smart PSS, the morphological box can 
help innovators rethink and align the design of BMPs based on the innovation goal, i.e., the 
target impact."

"The checklist helps innovators to actively design sustainable smart PSS to promote 
positive and avoid negative TBL impacts."

The digital transformation of management consulting companies: a review [230]

This is a machine-generated summary of:

Crișan, Emil Lucian; Marincean, Adrian: The digital transformation of management 
consulting companies: a review [230]

Published in: Information Systems and e-Business Management (2023)

Link to original: https://doi.org/10.1007/s10257-023-00624-4

Copyright of the summarized publication:

The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer 



Nature 2023

Copyright comment: Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the author(s) or other 
rightsholder(s); author self-archiving of the accepted manuscript version of this article is 
solely governed by the terms of such publishing agreement and applicable law.

All rights reserved.

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.

Abstract-Summary

"Management consulting (MC), as a knowledge-based industry, is regarded as fertile 
ground for digital transformation (DT)."

"This paper is a systemic review of 18 cases presented in the literature concerning the 
digital transformation (DT) of management consulting companies (MCCs)."

"It builds prescriptive knowledge for researchers and practitioners concerning the 
different approaches used to employ DT in the management consulting (MC) field."

"Our analysis of the cases, based on the CIMO framework, reveals three mechanisms that 
explain how DT transforms MC: it supports the platformization of traditional MC; it creates 
an opportunity for MC through crowdsourcing, in which the consultant acts as a crowd 
manager; and it changes the consultant-client matching process."

"Our study presents different layers of DT in the management consulting industry based on 
the complexity of the solutions identified."

Introduction

"The existing research about DT in MC is not homogeneous, except for the following 
narratives that recur in studies: first, DT in MC is recognized as a growing phenomenon, 
and, second, for a long time, MC successfully eluded the adoption of digital tools, but going 
forward, digital business models (BM) are inevitable (Mosonyi and others 15)."

"By considering this perspective, DT is acknowledged as an intrinsic part of MC, and Bode 
(16) concludes that digital innovations will inevitably transform traditional MC in IT 



consulting."

"A paradox exists in which the adoption of DT in MC remains low, with consultants advising 
IT companies about digital tools, even though they are way behind with the adoption of 
digital tools in their own business (Bode and others 17)."

"The mechanisms that we identify provide a useful guide for both research and practice by 
clarifying where, how, and why DT is adopted/used in MC."

Literature review

"In their literature review on MC, Tavoletti, Cerruti, and Grieco (18) build on the ideas of 
Christensen, Dina, and Derek (19), suggesting that, in the digital age, consultants’ skills are 
changing, and so are traditional BMs."

"By considering a wider perspective concerning DT in general and not only in MC, the 
literature on DT maturity models states that the adoption of digital tools is not enough to 
call the DT process complete, but it also implies a new organizational mind-set in doing 
business (Teichert 20)."

"The main focus of the literature in terms of developing digital maturity models is 
manufacturing, which lacks a prescriptive perspective, and the approach concentrates on 
creating descriptive models considering variables such as technology, digital skills, and 
business processes (Teichert 20)."

"The fact that the literature on general and domain-specific digital maturity models is 
marked by heterogeneity, and no standard assessment blueprint exists, leaves room for 
analyses that construct prescriptive models for specific industries such as MC, as we 
perform below."

Methodology

"We then reviewed the abstracts of these papers considering inclusion (sources presenting 
cases of MCCs’ DT) and exclusion criteria (sources with a different topic, focusing mainly on 
DT without a specific focus on management consulting)."

"Because a single paper might cover one or more case studies, we shifted the main focus of 
the CIMO analysis from a single paper to the case study(ies) presented in each paper."

"We selected 14 papers, which describe 18 cases of MC DT for further analysis."

"We analyze the 18 cases by considering each C-I-O dimension, as follows: (1) for context, 



we analyze the triggers for DT (if there was one); (2) for intervention, we analyze the types 
of DT presented in the studies, in which way and which business model parts have been 
affected by DT; and (3) for outcome, we map the outcomes of DT by considering their 
categorization in first-order and second-order benefits (Bunduchi and others 14)."

Results

"In terms of market changes, Johann and others (21) reveal that the maturity of MC 
depends on the adoption of digital BM and the digitized services they use; thus there seems 
to be an acknowledgment that maturity in consulting depends on the digitization level and 
continuous innovation potential in the business model."

"Those clients want to innovate their BM, their value delivery process, not just launch new 
products on the market (Christ and others 22).Stummeyer(23) is one of the most visible 
examples of this type of trigger and offers a real-life example of a digital consulting service 
that deals only with dental medical businesses."

"Both platforms and automation allow the modularization of MC services because 
consulting companies can present and offer modular and customized services based on 
different consulting skills or approaches to many more potential customers, and the 
availability of each service grows significantly because duplication in much of the prior 
logistics is reduced (Johann and others 21)."

Mechanisms, discussion, and limitations

"Considering the first path or mechanisms that we have identified, DT affects traditional 
MC, as traditional consulting services are increasingly provided through platforms."

"This transition from a human-based business model to a digital data–based BM is seen 
even at large MCCs, and the nature of MC and the management consultant profession is 
experiencing major changes related to this market major trend."

"The DT of the consultant-client matching process mechanism, increases access to more 
MCC providers and customers, which seems inimical to traditional MC from the perspective 
of the management consulting elite halo (Christensen and others 19)."

"Both crowdsourcing and the DT of the consultant-client matching process allow customers 
or consultants that represent their interests (MC project coordinators) to pay for portions 
of services, representing the transformation of management consulting in the platform or 
gig economy (Friedman 24)."

Conclusion



"In terms of intervention (I), we find that platformization dominates the approaches of 
MCCs concerning DT, with different types of platforms: those for finding customers, those 
for identifying partners for implementing more complex MC projects, those for finding 
partners that facilitate the transformation of traditional MC services but still enable 
consultants to offer advice to customers, and platforms on which everything is automated 
and customers receive automatic reports based on the data they upload (self-service or 
algorithmic consulting)."

"We present our findings in the form of three paths/mechanisms that MCCs could employ: 
platformization of traditional management consulting services, MC crowdsourcing in which 
the consultant acts as a crowd manager, and the DT of MC in terms of the consultant-client 
matching process."
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Abstract-Summary

"Entrepreneurship is one of the business forces with the greatest power to transform 
today's society, due to its ability to discover and take advantage of new opportunities to 
satisfy customer new and changing needs and expectations."

"Customer relationship management (CRM) has proved to be both a highly influential 
business management strategy and a powerful business management technology solution, 
with a particularly relevant impact in the area of entrepreneurship."

"This paper uses semi-systematic review to the study of the reality of the link between CRM 
and entrepreneurial marketing in business."

"This approach is used to comprehensively describe the state of the art of the impact that 
CRM can have in the modern business environment, through the empowerment of 
entrepreneurial marketing."

"In a structured manner, the present paper reviews the 86 most relevant studies of how 
CRM affects entrepreneurial marketing policy development through its alignment with 
relationship marketing and customer-centric business models."

Introduction

"This makes the development of entrepreneurial businesses especially difficult, which is 
why it is shown that all those tools and technological solutions that can have a high impact 
on customer management and entrepreneurial marketing are key, an area in which 
Customer Relationship Marketing (CRM) has proven to have a special impact."

"Marketing (understood as the management of commercial relationships with customers 
within the market), and more specifically entrepreneurial marketing (as a powerful 
association of marketing tools and the innovative and transforming power of 
entrepreneurship) is therefore one of the great forces that promote the economic 



development of society."

"Regarding marketing area impactful tools, Customer relationship management (CRM) is 
one of the leading business strategies and business management tools (Al-Omoush and 
others, 25), and it has been shown to be crucial in developing sales, marketing, and 
production planning strategies."

Literature review

"This section initially analyzes the concept and relevance of entrepreneurial marketing, 
and then the concept and evolution of CRM solutions, to later proceed to establish the 
marketing approach to the CRM customer-centric management theory, all of it as previous 
stages for finally stating the state of the art on the impact of CRM on entrepreneurial 
marketing specifically."

"Having established the importance of CRM as a business management technology solution 
with a major impact in the field of marketing, and especially on entrepreneurial marketing, 
it is important to identify the marketing approach that is most closely aligned with the CRM 
customer-centric management theory."

"Considering previous research and the intention to establish a complete state of the art for 
CRM technology, there is a lack of studies that specifically address the entrepreneurial 
marketing side of CRM."

"This paper thus offers a comprehensive review of the literature on the potential of 
applying CRM technology solutions through their impact on companies’ management of 
entrepreneurial marketing strategies."

Methods

"The first step to classifying the articles that explore the links between CRM and 
entrepreneurial marketing (i.e., the articles whose content is relevant to the present study) 
and to building a comprehensive state of the art was to identify the dimensions and 
elements that characterize CRM and those that characterize entrepreneurial marketing."

"When performing an extensive search for previous studies of literature reviews or the 
creation of a state of the art of CRM, different CRM dimensions and elements can be used to 
classify the articles."

"Each of these four dimensions of CRM has several elements, which are used in this study to 
classify the selected articles in the field of marketing in CRM."

"Samiee and Walters (26) concluded that the following constructs can be used to classify 



articles (in order of appearance in the studied articles): Trust Power Commitment Conflict 
Relationship quality Reciprocity Investment in the relationship Information exchange The 
third literature review considered on relationship marketing is the most recent one."

Results

"The most commonly used CRM element for assisting business decision makers is loyalty 
programs (within the CRM retention dimension), with 23 results, representing 26.75% of 
the 86 selected articles."

"The CRM elements with the next highest numbers of results are customer lifetime value 
(within the CRM development dimension) and direct marketing (within the CRM attraction 
dimension), both with 14 results, each representing 16.28% of the 86 selected articles."

"Relationship management is the most commonly used entrepreneurial marketing 
dimension, with 38 results of the 86 selected articles, representing 44.19%."

"The selected articles were also classified according to the journal where they were 
published."

"In the period under study, the Journal of Business & Industrial Marketing published the 
most articles (five), representing a percentage of 5.81% of the total of 86 selected articles."

Discussion and conclusions

"After reviewing the most recent literature on the impact of the use of customer 
relationship management strategy and systems in the field of entrepreneurial marketing, 
the general conclusion is that effectively a good efficient use of these tools appears in these 
studies as a strong link between business management and company results."

"This contribution provides interesting ideas about what future lines of research can be 
undertaken by researchers interested in the impact of the use of CRM combined 
withentrepreneurial marketing in the search for a joint and powerful impact on the 
effective management of customer relationships within the current changing and dynamic 
world in which entrepreneurship finds its greatest asset to demonstrate its power to 
transform the market and society as a whole.. The most important conclusion for future 
research is that the field of scientific research on the use of CRM as a strategy and 
technological solution that accelerates and stimulates the entrepreneurial marketing, is 
developing and growing, as reflect by most of the recent bibliometric studies on the 
subject."
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Abstract-Summary

"The purpose of this paper is to create and test an idea management sequence framework 
to reinvent or redefine the value proposition."



"This paper suggests a new approach—a systematic, 4-step idea management sequence to 
redefine or reinvent value proposition in a business model, which was validated through an 
action-based research method involving 20 managers from practice by applying the 
proposed framework."

"This research contributes to previous studies of the design thinking and innovation by 
substantiating a concept of the idea management sequencing and proposing a new 4-step 
approach that can be applied by organisations to redefine or reinvent value proposition in 
their business models."

Introduction

"The latter two, to a large extent, exploit the design thinking and the IM methods for 
generating, redesigning, testing, and experimenting with new business models and values."

"The authors have described the idea generation and evaluation processes based on the IM 
approach and have applied design thinking to create the sequence of the approaches 
incorporated into the IM process."

"Based on the IM approach, authors describe the idea generation and evaluation processes 
by applying the design thinking approach and their possible moderation elements that 
could be appertained to an organisation to find a new or reinvent an existing value 
proposition."

"There are several contributions: (1) the IM construct characterised in the context of the 
value proposition of the business model; (2) the IM sequencing as the managerial process 
is substantiated and linked within the context of the business models and values; (3) the 
practical sequence of the IM is created and tested with the proposed 4-step approach."

Theoretical background

"The project management perspective applies to this study as it proposes the managerial 
perspective on how to organise several tasks, steps or activities into the network or path 
leading to the result, so called a sequence-based approach (Shi and others, 27), which in the 
case of this study is the definition of new value proposition using the IM approach."

"The IM sequencing provides the systematic management of such processes as—the 
generation of new ideas and their evaluation."

"According to Geissdoerfer and his co-authors (28), the use of design thinking methods in 
the value innovation process provides an opportunity to create new types of value, as well 
as to expand the range of different stakeholders to whom the value proposition can be 



addressed."

"The action-based research provides the possibility to test the feasibility and nature of new 
ideas (Kaplan, 29) that in the context of this study ensured greater options to test and 
advocate new values generated during the interaction sessions with involved participants."

Results

"The second step is to define contrasting values and evaluate where among them your 
target persona could place herself/himself."

"Copy and paste the descriptions of the value groups from step 2."

"After all these steps, the post-session could be developed to give for the evaluation all 
created value descriptions to different stakeholders and also give criteria for evaluation."

"During the second step, all the teams generated 3–4 groups of values and in each group 
2–4 sub-values were included."

"Even the groups started with the same values—until the end of this method came up to 
just 3 main values that duplicated, but later the descriptions of a theme were quite 
different (in step 4, these values would be merged)."

"Step 3—Enrich the value definitions: during this step the teams copy pasted the 
descriptions of value groups, including the sub-values."

"After this step, the descriptions of values were evaluated by the criteria."

Discussion

"The aspiration of the 4-step IM sequencing approach is to provide a more systematic view 
on how to get to the best possible values by creating and evaluating them."

"A key practical implication is related to the possibility of using created sequences’ 
templates for the value creation or reinvention process."

"The approach may help organisation and enterprise innovators who desire to create a 
more systematic and playful value creation process."

"The IM may provide far more quality and playfulness to the complex, innovative processes 
of inventing new and reinventing established values in business models."



"A key theoretical implication is related to the new combination and modification of the IM 
approaches to adapt them to this specific aspect of the business model and a value 
reinvention."

"Future research should focus on the effectiveness of longer and shorter sequences of IM 
methods to reinvent the values for business models."

Conclusions

"Main theoretical implication is conceptualisation and testing of the 4-step IM sequencing 
approach to redesign or reinvent the values for business models."

"Our findings reveal that this 4-step sequencing approach of the IM methods enhances the 
participants’ ability to reinvent values."

"There have been three main limitations: (1) analysed literature sources amount based on 
the research design (selected databases, time frame and selection approach); (2) 
application of only 4 IM methods; (3) only one organisation involved in this action research 
and a case study."

"Based on the limitations, authors have developed suggestions for future studies: For 
future studies, scholars may create alternative concepts for sequencing tasks and test other 
sequences of the IM methods."

"Study authors plan to attract experts to validate the created sequence, involving experts 
that represent not only the IM and business model disciplines, but also practitioners and 
representatives of companies that are responsible about reinvention of the values."
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Abstract-Summary

"Our knowledge on differences in business model characteristics of thriving and failing 
Multi-Sided Platforms in competitive B2B networks (B2B-MSP) and potential influences of 
increasing governmental involvement remains fragmented."

"The taxonomy provides practitioners with a differentiated view on the configuration 
options of CS business models including the involvement of governmental institutions, 
while the presented archetypes contribute an aggregated view of CS business models."

"The statistical analysis of our results provides initial explanatory approaches on CS 
business model dimension interdependencies, thereby laying the basis for a deeper 
understanding of sectoral and geographic differences of B2B-MSP and their diffusion 
dynamics as well as facilitating a higher contextualization of future research."



Introduction

"Existing taxonomies of digital platform business models are not directly applicable to CS 
due to their special attributes, such as a sometimes- strong governmental influence or 
geographic boundedness."

"By using a CS-specific taxonomy, interested parties can better identify other platforms 
using similar business models on the market, the difficulties they face as well as potential 
growth opportunities."

"MSP research can benefit from a detailed view on CS business models as the 
contextualized insights from B2B-focused, locally bounded MSPs with varying 
governmental influence can support a better understanding of MSPs as a comprehensive 
concept."

"We present archetypes of CS business models which can serve researchers and 
practitioners in comparing existing CS amongst each other and to other digital platforms 
based on their characteristics."

"The article proceeds as follows: First, we describe and discuss the domain background of 
CS as well as extant taxonomies on platform and digital business models."

Domain background

"Although we looked specifically for taxonomies on platform and digital business models 
that cover local boundedness of such, we were not able to identify any."

"Hodapp and others (30)’s taxonomy for Internet of Things platform business models, 
which can comprise both B2C and B2B interactions, is too specific to be useful for 
classifying CS on the one hand and also does not account for the governmental influence 
and local boundedness of these platforms."

"We conclude that the digital business model taxonomy of Bock & Wiener (31) is not 
specific enough for our context, given that it neither accounts for the B2B focus of CS nor 
the role governmental actors or the implications of the local boundedness of the 
ecosystem."

"The taxonomy of Passlick and others (32) is too specific for our context, as it neither 
focuses on platform nor solely digital business models and also does not account for 
regional limitations of companies’ business models."



Research methodology

"It is intended to integrate several overlapping meta-characteristics and dimensions from 
platform and digital business model taxonomies."

"When all objects that have been identified for the taxonomy development have been 
examined, when no objects were merged with similar object or spilt into multiple objects in 
the last iteration, at least one object is classified under every characteristic of every 
dimension, no new dimensions or characteristics were added, merged or split in the last 
iteration, every dimension is unique and not repeated and every characteristic is unique 
within its dimension as well as each combination of characteristics is unique and not 
repeated, the iteration process is terminated."

"We started the iteration process with the conceptual-to-empirical cycle, as we wanted to 
leverage knowledge from extant literature on both CS as well as taxonomies from the 
platform and digital business model context, to build a solid baseline for our taxonomy. 
(4c – 6c) First iteration (conceptual-to-empirical): Based on the four meta-characteristics 
described above, we derived dimensions and characteristics from extant literature on 
platform and digital business model taxonomies as well as CS background literature."

Taxonomy of Community Systems business models

"We also summarized compliance services such as services related to dangerous goods and 
services that (actively) support CS stakeholders in submitting regulatory documents 
compliantly, as logistical value-added services."

"Data related value-added services are the last category and comprise services such as data 
warehousing or business process optimizations, i.e., identifying optimization potentials for 
stakeholders based on the exchanged information."

"As data sharing is essential in a CS, the taxonomy distinguishes how stakeholders are 
encouraged to share data, i.e., how the data governance is set up."

"It can be based on a give-and-receive scheme, i.e., stakeholders can only use the CS if they 
share data themselves or a monetary compensation can be implemented, where the 
provider of valuable data is compensated for sharing it (Lievens, 33; Moyersoen, 34)."

"Governmental stakeholders can take different roles within a CS, from being external to it 
(e.g., Cheng & Wang, 35) to being the sole operator. “"

Taxonomy application—Community System archetypes



"If two CS from the “Innovation oriented port eco-systems” and the “B2B-focused CS” 
archetype groups shall be compared, one should investigate dimensions such as the 
“Geographic scope” or “Communication services” as those are distinctive for both 
archetype groups."

"All CS but the ones from the “B2B-focused CS” archetype group also include B2G activities 
and only the CS from the “Innovation-oriented port eco-system” and the “Non-profit CS” 
archetype groups also include G2G activities, i.e., connecting multiple governmental 
stakeholders, thereby facilitating the communication and cooperation of governmental 
agencies."

"The openness of the platform to complementors and who can be involved in decision 
making differs for the “Innovation oriented port eco-systems” archetype group compared 
to the remaining CS."

Discussion

"To the best of the authors’ knowledge, this dimension has not been included in any 
platform or digital business model taxonomy before."

"To the best of the authors’ knowledge, data security and data governance have not yet 
been included as dedicated dimensions in any digital or platform business model 
taxonomy."

"As companies in any context are hesitant to share critical and sensitive data with 
competitors, complementors or even “neutral” entities such as governmental actors, the 
“Data governance” dimension has implications for other MSP business models also: It 
presents a new incentivization scheme for sharing such data, especially in a B2B platform 
context."

"While some existing platform business model taxonomies have dimensions that point in a 
similar direction, none exhibits the same focus on data providers or owners."

"Potential services from existing platform business model taxonomies can be identified 
that have not been applied to the CS context yet."

Conclusion

"Data security and data governance approaches as crucial aspects of the CS business 
models have also been identified which can play an important role in creating trust 
amongst the diverse set of stakeholders involved in these MSP which have not yet been 
included in any MSP related business model taxonomy, though."



"It adds to the descriptive knowledge on multi-sided platform business models, as it 
develops a context-specific taxonomy for CS."

"The effects of geographic boundaries on MSP business models could be investigated, as we 
find that the local boundedness of CS might be one of the reasons for new and innovative 
ways of cooperation between different platforms."

"These different developments of MSP business models can be an interesting starting point 
for future research in the field, as different CS can be easily compared with the presented 
taxonomy but do not overlap due to the local boundedness aspect."
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Abstract-Summary

"An analysis of 41 digital transformation frameworks following a developmental literature 



review shows that several areas can be expanded upon."

"We propose a novel framework that deals with the underrepresented areas by 
consolidating the various concepts found in the literature, explicitly including the role of 
society, highlighting the evolution over time, and including the drivers of digital 
transformation that we classified into 23 ‘digital transformation interactions’ across six 
categories."

"This novel perspective contributes to our macro-understanding of digital transformation 
and can be used as a lens for further research to generate fresh insights into unanswered 
research avenues."

Introduction

"This study set out to critically investigate and compare these frameworks which led to the 
identification of several research opportunities."

"There exists a disparity between the frequently mentioned role of society in the DT 
literature (e.g. Loebbecke & Picot, 36 and 36; Matt, Trenz, Cheung, & Turel, 2019) and its 
absence in DT frameworks."

"The framework, of which a preliminary version was introduced in previous work (Van 
Veldhoven & Vanthienen, 37), is based on the consolidated insights from the DT literature 
and the analysis of 41 DT frameworks stemming from a developmental literature review."

"In the third section, we go deeper into the identified research gaps after which we propose 
our framework that highlights the highly interactive nature between changes in business, 
society, and digital technologies in section four."

"Based on the framework, we open a discussion on the current and future research on DT 
and propose a research agenda in section five."

Background and related work

"For the inclusion criteria, we consider papers termed with DT and dealing with the 
transformation happening in business or society due to digital technologies."

"The framework can be used as a tool for businesses to simulate potential disruptions, 
changes, or DT projects."

"While these models explain what DT is, they do not offer any advice on how a company 
should initialize DT projects."



"Transformation frameworks describe how DT projects are typically carried out or should 
be implemented in companies."

"Maturity frameworks describe the different states of DT maturity in organizations."

"A different perspective is taken by Westerman and others (38) who created four levels of 
digital maturity based on the digital intensity of IT capabilities and the transformation 
management intensity of DT leadership."

The need for a novel framework

"In the analyzed frameworks, DT is often explained as a response to novel digital 
technologies."

"Although iterative frameworks are a good fit since it is generally agreed that DT is a 
continuous process (Gerbert, Gauger, & Steinhäuser, 39; Parviainen and others, 40; Warner 
& Wäger, 41), a more detailed formalization of the technologies and changes can be 
beneficial to better understand what is happening."

"A DT framework with a larger focus on the drivers should be a welcome addition to the IS 
research field."

"Despite the numerous frameworks that seek clarification, many ‘synonymous’ terms of DT, 
such as digitalization and IT-enabled transformation, can be found in the literature without 
a clear agreement on their exact meaning, scope, and relationship (Kane and others, 42 and 
43; Riasanow and others, 44)."

"A conceptual framework that clearly outlines the meaning of DT, its evolution, and its 
related terms can be beneficial to advance the research field."

The proposed interaction-based DT framework

"While most reviewed frameworks are focused on the entities business and technology, we 
propose a broader one that also includes society."

"The framework contains three axes to represent the main entities: digital technologies, 
business, and society."

"We also included 23 drivers of DT, represented by the circular arrows between the axes, 
and categorized them based on the location in the framework."



The three axes: Changes in digital technologies, business, and society

"The business axis represents the common, major changes happening over time in 
organizations, companies, industries, and sectors due to the increased influence of digital 
technologies and the digitalized society."

"We list the major changes happening to people, customers, employees, cities, and 
governments due to the increased influence of digital technologies and digitalized 
businesses."

"The DT of business is influenced by both the changes in society and digital technologies, 
i.e. the DTI of business."

"The DTI of digital technologies describe the influences of business and society that steer 
the innovation of digital technologies."

"The DTI of business describe the drivers from digital technologies and society that 
pressure the business into DT."

"The DTI of society describe why society is changing drastically due to the profound impact 
of digital technologies and digitalized businesses (Goerzig & Bauernhansl, 45; Heavin & 
Power, 46; Matt and others, 47; Stolterman & Fors, 48)."

Discussion

"This paper contributes to our macro-understanding of DT by summarizing the major 
developments in business, society, and digital technologies and by linking these 
developments together as an integral part of the phenomenon."

"DT is generally broader defined as major changes in business, people, and society due to 
the cumulative impact of increasingly capable digital technologies (Ebert & Duarte, 49; 
Gurbaxani & Dunkle, 50; Kane, 51)."

"We define DT as the continuously increasing interaction between digital technologies, 
business, and society, which results in transformational effects and increases the change 
process’ velocity, scope, and impact (Van Veldhoven & Vanthienen, 37)."

"As digital technologies evolve, they cause changes not only in business but also in society."

"A reactive chain process is activated in which the changing business and society influence 
each other into digitally transforming."



"Businesses both digitally empowered customers and forced adaptation of their digital 
solutions, accelerating the DT in society."

Research agenda

"Using this lens, researchers gain the opportunity to further enhance their understanding 
of DT and can gain novel insights about the complex change process and the way it 
unfolds."

"Another research avenue is investigating how maturity models can be combined with the 
DT framework to create maturity stages in each category in each dimension."

"We hope that the DT research community will also widen its research focus to investigate 
the larger changes of DT such as the shift from customer-centricity to the everyone-to-
everyone economy (Berman & Marshall, 52), self-servitization, traditional industry borders 
that are fading, digital ecosystems, shifting business models, and so forth."

"Further research can investigate the role and effect of society and individuals in the DT 
process (Matt and others, 47)."

"We believe DT has the academic interest and power to bring together social and IS 
research streams to investigate the role of society in DT."

Conclusion

"We conducted a developmental review of 41 DT models which identified four research 
opportunities."

"We contribute to the DT research by classifying our insights around a novel, 
comprehensive framework that includes the major changes in business, society, and 
technology."

"By connecting both the business and society, we hope to bring together these research 
streams to better understand the role of society."

"This work can be the first step towards a unified understanding of DT."
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Abstract-Summary

"This study aimed to explore the organizational resources, competencies, and capabilities 
needed for the successful implementation of machine learning development projects for 
digital marketing operations in marketing organizations."

"The findings suggest that marketing organizations’ capability to understand and refine 
data by taking into the notion the impact of the marketing environment is the most crucial 
competence of machine learning development projects because it forms a solid base for 
algorithm execution and successful project implementation for marketing purposes."

"Personnel’s understanding of the data’s characteristics and capabilities for running 
successful machine learning projects were also seen as key competencies for marketing 
organizations."

Introduction



"There is a growing need in marketing organizations to understand the ML project 
structure and the organizational resources, competencies, and capabilities that are needed 
to achieve sustainable benefits from the implementation of ML in DM operations."

"Against this background, the main objective of this exploratory study was to identify the 
essential capabilities needed for the successful completion of an ML development project in 
a marketing organization."

"The study contributes to the ongoing discussion on marketing capabilities by exploring 
which organizational capabilities are essential in the implementation of ML in DM 
operations."

"To achieve the main objective defined above, we first needed to understand how ML 
development projects are structured in marketing organizations."

"We used the formed characterization of the ML development projects’ steps to identify 
how marketing management and personnel affect the implementation of ML development 
projects in marketing organizations and what organizational capabilities are needed to 
overcome obstacles."

Framework for investigating machine learning projects in marketing organizations

"Use of this model as the framework of investigation on an ML development project makes 
it possible to form a comprehensive understanding of the content and workflow of different 
phases and to identify the personnel roles, resources, competencies, and capabilities of the 
marketing organization that are needed for successful project implementation."

"The dynamic capabilities approach emphasizes that three key sets of capabilities are 
essential if the firm is to sustain itself as customers, competitors, and technologies change: 
sensing opportunities related to changing customers’ needs (identifying external 
developments); (2) seizing value from addressing such needs (execution steps and 
mobilizing internal resources); and (3) transforming the firm by continuous renewal 
(leverage and concrete changes, which require leadership) (Teece 53; Hunt and 
Madhavaram 54; Baden-Fuller and Teece 55)."

"We focused mainly on organizations’ internal dynamic capabilities and the adaptive 
marketing capabilities needed in ML implementation to DM operations; therefore, we left 
the business model and organizational structure out of focus."

Methodology

"The research focused on exploring the marketing organizations’ capabilities to conduct 



successful ML projects rather than organizational structure or culture; thus, a relatively 
homogeneous population with similar experiences (i.e., marketing professionals with ML 
experience) that included between 6 and 12 participants was considered adequate to reach 
saturation (Guest and others 56)."

"The open-ended, semi-structured interviews were led by six themes based on the 
literature review: (1) the respondents’ own DM and ML projects, processes, and methods; 
(2) data used for ML development; (3) data sources, quality, and management; (4) ML 
model/algorithm in development projects; (5) phases in ML development projects and 
processes; and (6) organization and personnel roles, knowledge, capabilities, and 
management in ML development projects and processes for DM operations."

"(data display), the data was organized using the study’s guiding framework (Chapters 2.2 
and 2.3), followed by second-cycle coding, in which the categories were grouped according 
to the content, process, and context of the ML development projects (Miles and others 57)."

Findings

"The data assessment showed that ML development projects in marketing organizations 
often follow the 5-stage, 5-gate model."

"The competitive need or purpose of the ML development was seen to define the marketing 
environment (i.e., the media in which the ML solution would be embedded), the kind of 
data it would need, and the type of algorithm and features wanted from the ML model."

"It was reported that it was important to help the ML development team form an 
understanding of the competitive need for the ML model and the DM systems in which it 
would be embedded to provide the correct data for the project’s purposes."

"Data are widely available for DM purposes from third-party services and companies’ own 
databases and that there is a possibility to create new data for ML purposes, marketing 
management and personnel need to establish a deep understanding, together with the ML 
development team, about the possibilities, limitations, and possible sources of data."

Discussion

"This study’s findings support this angle by providing evidence that vigilant market 
learning and vigilant leadership are important capabilities for marketing organizations and 
management if they wish to fulfill ML development projects."

"By describing the projects’ phases and the elements within the stages, the study illustrates 
how ML development projects in marketing organizations are dependent on the adaptive 
capabilities of marketing management and personnel to learn and support the ML 



development team with proper data."

"ML utilization in the marketing organizations in this study was seen to be dependent on 
the organizations’ internal competencies, ability to provide adequate technological and 
data resources, and ability to recruit, retain, and develop their personnel’s knowledge of 
DM management and ML development."

"Marketing organizations need to develop their adaptive marketing capabilities and 
management procedures to utilize their internal and external competencies for data 
governance so that they will be ready to provide suitable data for ML purposes."
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Abstract-Summary

"Although significant research has already been conducted within the field of integrating 
sustainability into project management, different interpretations of the role of 
sustainability appear."

"This is a major issue for the scientific community, as due to these varying interpretations 
it is difficult to put publications into context; accordingly, it might lead to communication 
issues within the community."

"Using a synthesis approach based on grounded theory, we define three different 
categories of interpretations of the role of sustainability in the current state of research."

"Following this approach we are not only able to review the development of each 
interpretation over time, but also to identify that many publications contain multiple 
interpretations."

"Based on our findings, we give recommendations for the reflection of the existing 
literature, the writing of new publications and communication in the research field."

"We also redefine the concept of ‘sustainable project management’ based on a major 
theoretical characteristic we synthesise during our grounded theory approach to give 
guidance to future researchers."

Introduction

"Although many contributions already exist in the research field of integrating 
sustainability into project management (Aarseth and others 58; Goel and others 59; Silvius 
and Schipper 60), there exists a gap in research as the role of sustainability in project 
management is interpreted as conceptually different within the research field, as we will 
present in detail in the next section."

"We want to close this gap by defining categories of the different interpretations of the role 
of sustainability and, furthermore, by defining sustainable project management based on a 
main theoretical characteristic to give assistance in the research field."



"The research question this paper wants to answer is: How can the existing literature for 
integrating sustainability into project management be conceptually structured regarding 
the interpretation of the role of sustainability?"

"In the upcoming chapters, we will give a short introduction to the current state of research 
and the different interpretations of the role of sustainability in project management we 
could identify in the first instance."

State of research

"Although all scientific contributions about integrating sustainability into project 
management act within the same field of research and base their research mostly on the 
same definition of sustainability, we see after a first evaluation of the literature that there 
exist different or even opposing interpretations of the role of sustainability as follows."

"Within the context of our research question, we intend to clarify which of the different 
interpretations of the role of sustainability in project management exist in the research 
field, how they can be categorised, what their relationship is and reflect the existing 
definitions of sustainable project management."

"As we have seen, the interpretations of the role of sustainability in project management 
already differ in the existing literature, which creates a gap in the research field."

"Section, we will describe our research method in detail to synthesise the different 
interpretations of the role of sustainability in project management, create a stage model 
out of these and re-define sustainable project management."

Method

"An SLR has a goal not only to identify but also to synthesise relevant literature on a topic 
(Torraco 61), just like we want to bring the different interpretations of the role of 
sustainability in the research field in relation."

"For the quality appraisal (Okoli 62), we decided to review the type of literature and 
included all potential literature (so peer-reviewed studies and articles, books and book 
chapters, but also scientific grey literature, not peer-reviewed studies and articles, 
conference papers and reviews, project management methodologies and frameworks like 
PMBOK/Prince2/ICB and editorials) with scientific relevance to the research question."

"It was our decision to follow the approach of Petticrew and Roberts (63, p. 100) regarding 
when to stop the search for further literature: “when the search has covered all the most 
relevant databases and bibliographies, and when further searches of databases, and 



scanning of bibliographies of review papers do not add to the tally of included studies.”"

Results

"During the open coding we identified more than 4212 codes and created 397 memos from 
the publication regarding their interpretations of the role of sustainability in project 
management."

"To obtain a better understanding of the different interpretations, we first analysed from 
which project management and sustainability aspects the literature distances in these 
codes."

"When analysing the literature, we saw ‘Sustainability as a constraint’ as a first 
interpretation of the role of sustainability in project management."

"Sustainability is interpreted as a genuine goal (Marnewick 64); interpretations in this 
category go beyond the conventional project management by focusing on multi-
dimensional economic, environmental and social sustainability goals in the project."

"Of the following section, we assign the literature to the different interpretations of the role 
of sustainability in project management for further analysis."

Discussion

"We synthesised as a common theoretical basis the term ‘value ascribed to sustainability 
aspects in project management’ as the main theoretical characteristic for the interpretation 
of the role of sustainability in the research field."

"We reflected upon the different interpretations of the role of sustainability in project 
management based on the aforementioned characteristic of ‘value ascribed to 
sustainability aspects in project management’."

"We base this definition on the synthesised term of value ascribed to sustainability in 
project management and the interpretation of the role of sustainability as intrinsic value 
that underlines sustainable project management as a paradigm shift: Sustainable project 
management is a project management approach of ascribing intrinsic value to 
sustainability aspects by including all sustainability dimensions as equal parts of the 
project’s success and therefore creating a business case for sustainability."

Conclusion

"It seems that different interpretations of the role of sustainability exist in the research 



field."

"The aim of our research was to give researchers and practitioners guidance regarding the 
identification and order of the varying interpretations, as well as the development of a new 
definition for sustainable project management."

"We identified different interpretations of the role of sustainability in project management 
through which the literature on sustainable project management can be conceptually 
structured."

"Based on our study, we created an agenda for future research to further develop the field 
of sustainable project management."

"Between the stages of sustainability as a constraint and as instrumental value it could be 
researched if other interpretations exist in practice, which we did not find in the literature 
and how a transition between the stages might occur."
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Abstract-Summary

"This paper examines whether and how business model tools facilitate the process of 
business model exploration."

"Through action research, we find three ways in which business model tools can better 
facilitate the process of exploring, reframing and comparing alternative business models."

"The paper contributes to business model literature and managerial practice by providing 
empirical evidence on how tooling facilitates business model exploration."

Introduction

"The goal of this study is to examine how business model tooling facilitates business model 
exploration."

"This study aims to answer: How do business model tools facilitate business model 
exploration?"

"Action research is suitable for our purposes since it allows applying interventions (i.e. 
business model tools) in a real-life setting (i.e. a project aimed to develop business models 
for a new offering) throughout a long-term and unstructured process (i.e. business model 
exploration)."

"Based on our analysis, we recommend how business model tools could be designed to 
facilitate the business model exploration process."

"This study contributes to the literature on business model tooling (Teece 4) by studying 



how tooling facilitates the processes of business model exploration."

"Managerially, our study provides lessons on how to facilitate a process of business model 
exploration with tools, in settings where innovation project teams pursue new business 
model opportunities with high uncertainties."

Background

"Regarding business models in times of change, scholars mainly discuss established 
organizations that have to innovate their existing business model due to a new market (e.g., 
Landau and others 65) or uncertainty (Schneckenberg and others 66)."

"We consider four main activities of business model exploration, which need not be linear 
and sequential: (1) develop initial ideas on the new business model (ideate) (Cavalcante 
and others 67), (2) conceptualize alternative business models (reframe) (Sosna and others 
68), (3) explore and assess alternatives (envision) (Heikkilä and others 69), and (4) 
formulate concrete actions to implement the business model (action-formulation) (Baden-
Fuller and Morgan 70; McGrath 71)."

"The literature on business model tools is expanding rapidly (De Reuver and others 72)."

"Whereas some tools cover the full scope of a business model (e.g. Business Model Canvas), 
others focus on one specific aspect (e.g. Value Proposition Canvas)."

"One array of tools provides patterns that represent solutions or `proven’ configurations of 
specific business model components (e.g. Lüttgens and Diener 73)."

"Szopinski and others (74) create a taxonomy of online business model tools, focusing on 
their modelling, collaboration and technical characteristics."

Method

"Action research allows researchers to develop and test theoretical ideas on the efficacy of 
specific actions, through a process of interacting and intervening with practitioners in a 
naturalistic setting (Baskerville 75)."

"As the process of business model exploration is iterative, action research is particularly 
appropriate."

"The interventionist nature of action research further allows us to test the efficacy of 
business model tools in facilitating business model exploration."



"Based on the initial plan for the project, the ultimate goals for the project were: (1) making 
a product, described as a digital toolbox that improves the road behavior of young people, 
(2) creating a start-up that will offer the developed product on the market."

"Ideas for the product were to create online communities of young drivers, to model 
driving behavior based on data collected in the communities, and to offer gamified systems 
to educate road safety to young drivers."

Analysis

"The researchers ‘directed’ the change with the introduction of different business model 
tools, based on the action plan."

"For the ideate activity, we used the widely used business model Canvas tool to create a 
first overview of the business model of the start-up, the Persona tool to identify potential 
stakeholders and the STOF business model to collect ideas of project participants."

"While the business model Canvas tool is user-friendly, it was challenging for the project 
partners to fill out the empty template as the offering was not yet defined."

"For the next processes of envision and action-formulation, we used tools to explore 
potential solutions and to design business models for later phases of the start-up."

"For the action-formulation process, we used business model tools like the business model 
roadmap and the pricing strategy cards to design a plan for the future of the start-up."

Evaluation

"The use of the tooling helped to make the business model design more specific, which was 
the main challenge in this project."

"The product was not clearly defined in the early stages of the project; hence the initial 
business model designs do not fully match the final product."

"Another challenge was that the business model tools are not made for businesses that are 
still exploring."

"Project partners were asking the researchers to suggest a business model, whereas this 
was challenging without a specific offering."

"We learn that when the offering is not clear, alternative business model scenarios are 



needed."

"Using business model tooling from the start of an innovation project allows identifying 
questions that need to be answered, thus providing more direction in subsequent steps of 
business model development."

"Business model tools helped make the design process more focused."

Discussion

"The start-up is based on the delivered business models."

"We found existing business model tools mainly facilitate the creation of single business 
model designs."

"Existing tools do not support the design of alternative business models, which is necessary 
when offerings and target market are not defined."

"Existing tools are not tailored to illustrate alternative business models."

"We suggest that future business model tools should have features that support the 
decision-making between business model alternatives."

"We provide our recommendations on how existing tools could facilitate business model 
exploration."

"The need for tools to support creating multiple alternative business models resonates 
with ideas from Augenstein and Maedche (76), who develop a configuration tool to quickly 
make and evaluate changes in business models."

"Our findings indicate that available business model tools provide limited support to 
decision making."

Conclusions

"We examined how existing business model tools facilitate the process of business model 
exploration, in settings where companies actively create new business model 
opportunities."

"To Iriarte and others (77), who argue that additional research is necessary on how 
managers in practical settings can choose and use tools for service value proposition 
design, we argue that additional research on the business model tools can be useful to 



improve the business model innovation process."

"The results are important for understanding the scope in which existing business model 
tools can be applied, as we show that existing tools do, to some extent, facilitate business 
model exploration."

"In a realistic setting, how well a business model tool is used, depends on the user."

"We argue that an agile approach could support the iterative process of business model 
exploration, especially within innovative projects in which researchers, managers and 
consultants collaborate (Bouwman and others 78)."
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Abstract-Summary

"Business process management (BPM) is one of the effective performance management 
methodologies used in managing process-oriented organizations."

"Having a unified list of the BPM critical success factors (CSFs) and BPM principles 
considered one of the important research areas."

"The literature review showed that despite the majority of BPM principles and CSFs are the 
same or there are minor differences between them, different terminologies were used to 
describe them."

"The main objectives of this research are building insights about BPM’s most recent 
developments, unifying BPM principles and CSFs and proposing a comprehensive BPM."

"The mapping process was used to propose a unified list of BPM CSFs and BPM principles."

"A comprehensive BPM methodology was proposed, the proposed methodology combining 
the steps of generic BPM methodologies and BPMS methodologies and it is unifying the 
terminologies used in the reviewed methodologies."

"The proposed CSPs can be further analyzed to find the relationship between CSPs and how 
each one of them can affect BPM implementation."

"The proposed BPM methodology can be tested by applying it to the different business 
sectors and measure organizations’ performance during implementation stages."

"For the practical side, the proposed methodology can provide a guide for managers and 
organization leaders about the right steps to be followed during implementing BPM and 
conducting BPM projects."

"CSPs can guide BPM project managers, organization leaders, and business excellence units 
to focus their efforts on the significant improvement areas and actions to be taken on 
strategic and operational levels."

Introduction

"Viewing organization as a set of cross-functional processes at different levels and through 
organization’s boundaries is one of the recent and effective approaches for managing 
organizations’ business (Škrinjar and Trkman 81; Looy 82; Mäkinen 83)."



"Business process management (BPM) is one of the effective methodologies used for 
improving the efficiency and performance of the process-oriented organizations (Ongena 
and Ravesteyn 79; Suša Vugec and others 80)."

"BPM developed gradually from merging the quality approach and business process 
reengineering (BPR) approach (Rosemann and Brocke 84)."

"BPM defined as a management discipline that considers business processes as the main 
contributor to achieving the organization’s objectives by improving, continuously 
managing performance of essential business processes, and govern it (Jeston 85)."

"Taking the aforementioned BPM issues into consideration, the main objectives of this 
research are building insights about BPM’s most recent developments, unifying the 
similarities in the BPM principles and CSFs and proposing a comprehensive BPM 
methodology that able to integrate the generic BPM methodologies and the Business 
Process Management Systems (BPMS) methodologies."

Literature review

"In 2018, BPM defined by John Jeston, as a management discipline that considers business 
processes as the main contributor to achieving the organization’s objectives by improving, 
continuously managing performance of essential business processes, and govern it (Jeston 
85)."

"In the enablement phase, an organization should work to develop the necessary 
capabilities to drive four main components namely people, process, technology, and BPM 
project management which represent business success components, i.e. it is mandatory for 
BPM project success."

"Launchpad Three major actions need to be taken that includes; (1) deciding location 
where to start next or new BPM activity, i.e. location of process to be improved; (2) define 
the goals of process under improvement which should be aligned with organization 
strategy; (3) establishing activities need to be taken to improve process and achieve 
process goals."

Research methodology

"The methodology used in the current research encompasses analyzing the literature on 
three parallel lines."

"In the first line, the literature will be analyzed to extract the BPM developments and 
discuss them in the results discussion section."



"In the second line, the literature related to BPM CSFs and BPM principles will be analyzed, 
summarized and then mapping process will be used to find the similarities between CSFs 
and principles and the unique CSFs and principles."

"In the third line, the literature related to BPM methodologies will be analyzed to identify 
the pros and cons of each methodology, highlight the gaps in each methodology and then 
propose a comprehensive BPM methodology that able to fill the gaps of the previous 
methodologies."

Unifying CSFs and BPM principles

"BPM principles defined as a set of best practices any organization implementing BPM 
should follow to sustain competitive advantage and ensure BPM projects success (Hung 
86)."

"Institutionalization The implemented BPM project or approach should be embedded and 
integrated with organization systems and plans, i.e. it shouldn’t add another layer to 
organizational structure."

"Organizational structure change BPM implementation should change organization 
structure to ensure horizontal linkages, cross-functional nature of processes, and make 
processes focused on delivering value to customers."

"BPM implementation An effective BPM implementation process that characterized by its 
simplicity, i.e. resources used by BPM should be economical, and contextual awareness, i.e. 
while implementing BPM, organization setting factors such as size, strategy, business 
scope, BPM objectives, available resources, and types of processes should be considered."

"Collaborative working environment in BPM, due to the cross-functional nature of 
processes, employees’ participation and contribution to processes analysis and 
improvement from across organizations should be emphasized."

Comprehensive BPM methodology

"Only two methodologies were found as generic methodologies, i.e. it considers the 
common steps or phases followed during BPM implementation."

"The analysis conducted on both methodologies and mapping the Elzinga and others 
methodology to the Jeston framework showed that those methodologies have a common 
logic and the stated steps or phases for implementing BPM are almost the same but 
terminologies used were different."



"Develop and implement phases from the Jeston framework can be mapped to the 
implementation step from Elzinga and others methodology."

"“realize the value and sustainable performance” phases from the Jeston framework can be 
mapped to the continuous improvement cycle step from Elzinga and others methodology."

"The proposed methodology combines the steps of generic BPM methodologies (Elzinga 
and others 87; Jeston 85) and BPMS methodologies (Ko and others 88; van der Aalst 89) 
and unify the terminologies used in reviewed methodologies."

"If BPM project goals achieved, the improved processes, by using diagnosis standards from 
BPMS, will be analyzed and monitored."

Results discussion

"BPM developed over the years from merely systematic and structured approach used for 
improving and managing organization performance to management discipline that, in 
addition to what mentioned before, start using methods, techniques, and software for 
improving and managing organization performance, i.e. BPM approaches start to combine 
knowledge from information technology and management sciences for improving business 
processes."

"In 2018, BPM major activities were classified to four major activities that represent the 
walls of BPM house and it includes alignment with organization strategy, identification of 
the essential business processes that should be enhanced first, Business process 
improvement and people change, and the activities related to benefits realization and 
performance management."

"The analysis conducted on the BPM CSFs and BPM principles literature reveals that when 
organizations, during implementing BPM, reach to CSFs development stage, they should 
refer to the BPM principles and adapt it to fit for their business by focusing on the 
principles that will gain more weight in term of fulfilling organizations’ goals and objectives 
and delivering the desired value to the customers and stakeholders."

Conclusions and future research agenda

"Business process management (BPM) is one of the effective performance management 
methodologies used in managing process-oriented organizations."

"The proposed methodology starts with the preparation process by analyzing organization 
vision, mission, goals, strategy, and CSPs to identify CSFs and work on needed culture 
change to prepare the organization for implementing BPM."



"The pros of the proposed methodology may include but not limited to explaining what 
BPMS standards to be used during BPM methodology implementation, in which stage it 
should be used and how it will interact with human factors within the organization."

"The proposed BPM methodology can be tested by applying it to different business sectors 
and measure organizations’ performance during the implementation stages."

"From the practical side, the proposed methodology can provide a guide for managers and 
organizations leaders about the right steps to be followed during implementing BPM and 
conducting BPM projects."
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Abstract-Summary

"Corporate accelerators are considered as an innovation fostering approach within new 
ventures provided by start-ups."

"The aim of the paper is twofold: firstly, to explore the motives behind corporations’ 
engagement with start-ups in launching corporate accelerators, and secondly, to identify 
the corporate benefits and challenges of this business model innovation."

"Our research expands on prior findings and suggests that corporate accelerators are 
driven by internal and external push and pull motives."

"The study contributes to expanding the scope of corporate entrepreneurship research in 
regard to the challenges and benefits of corporate accelerators."

"It provides evidence that corporate accelerators are a source of innovation that can be 
used to foster entrepreneurial-market logic and entrepreneurial learning."

Introduction

"In order to meet the challenges of the contemporary market, corporations look for new 
business models of value creation involving a wide array of market players in the process 
of generating innovation that foster corporate entrepreneurship."

"The latest sub-stream of corporate entrepreneurship research focuses on the involvement 
of external partners, as well as significant company resources in innovation generation 
processes through exploitation of new business models."

"Recent studies on corporate entrepreneurship report a growing interest in new business 
models of outsourcing innovation to the start-up sector (Kanbach and Stubner 90; Kohler 
91; Trimi and Berbegal-Mirabent 92; Weiblen and Chesbrough 93) which leads to an 
optimal exploitation of available opportunities for corporate entrepreneurship initiatives."

"Research results suggest that corporate business accelerators present a promising 



opportunity for business model innovation in existing mature companies; authors point out 
that innovations are often costly and time-consuming, requiring significant initial 
investment ranging from research and development to specialized resources, new plant 
and equipment, and even entirely new business units (Amit and Zott 94)."

Literature review

"This means that corporate entrepreneurship occurs in “formal or informal activities aimed 
at creating new businesses in established companies through product and process 
innovations and market developments” (Zahra 95, p. 262)."

"In its quest for innovation, the technology industry in particular, has experimented with a 
variety of business models involving start-ups, e.g. corporate accelerator programs."

"While the first three types of corporate accelerators are focused on specific strategic goals 
(e.g. understanding recent trends and developments in respective markets, and initiating 
relationships; identifying, developing, and integrating new products and services into the 
parent company’s value chain; creating a protected environment to test promising internal 
and external business ideas), the latter is used for financial purposes (investing in 
promising start-ups, making them more valuable, and earning a financial premium)."

"Corporate accelerators are considered as a business model innovation when the 
companies strive for continuous improvement of their performance and innovativeness."

Material and methods

"In line with this, data were collected for all three categories of corporate accelerators 
identified in prior studies, i.e. internal, external (independent provider) and public 
acceleration programs (run and co-financed by a government agency)."

"The study is based on different sets of data: five in-depth interviews (IDIs) with corporate 
accelerator executives, one focus group interview (FGI) with experts, and secondary data 
sources."

"Of the research, potential respondents (executives of the selected corporate accelerators), 
were contacted directly in order to conduct in-depth interviews (IDI)."

"The third phase included a focus group interview (FGI) with four experts of corporate 
accelerators, who were not involved directly in their implementation."

"The focus group was scheduled for October 2019, lasted two hours, and similar issues with 
the individual interviews with corporate accelerator executives were covered in order to 
obtain the participants’ interpretations of other data sources (Gibbs and O'Neill 96) and 



validation of priorly gathered data."

Research findings

"The decision to establish a corporate start-up accelerator is made by the top management 
of the company."

"Based on the data analysis, we make the following hypothesis: Hypothesis 2: The main 
challenges faced by corporate accelerators are associated with limited human capital skills, 
complex management practices and distinct business model logics between corporations 
and start-ups."

"Based on the data analysis of the reported benefits of corporate accelerators, we make the 
following hypothesis: Hypothesis 3: The key benefits of corporate start-up accelerators 
refer to long-term strategic gains, such as access to new market knowledge, organizational 
learning, expanding the company’s networks and improving the company’s image."

"In order to unlock the potential of corporate accelerators, managers need a deeper 
understanding of how to design processes that add value to the start-ups and the joint 
projects and, hence, can generate fast-to-market innovation."

Discussion and conclusions

"The study focused on corporate accelerators operating in Poland that demonstrate 
exploratory and exploitative business model logics."

"Hypothesis 2: The main challenges faced by corporate accelerators are associated with 
limited human capital skills, complex management practices, and the distinct business 
model logics between corporations and start-ups."

"Based on the empirical study, the results make several distinctive practical and theoretical 
contributions to corporate entrepreneurship by enhancing the understanding of the 
business model logic of corporate accelerators."

"The study demonstrated that corporation accelerators apply explorative and exploitive 
business model logics in striving for innovation development."

"Our research suggests that corporations must create new and agile management practices, 
which are not limited to the accelerators, since critical decisions regarding contracts with 
start-ups are made outside of the accelerator framework, at a top management level with 
corporate managers often involved in the evaluation phase."
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Abstract-Summary

"Digital transformation is a topical theme in shipping research and professional practice, 
today."

"In order to understand the full complexity of shipping digitalization activities, we 
addressed technology and management aspects in a coalesced framework."

"Our research outcome is an overarching theoretical model, which systematizes the 



technological components (technology typology), the prevailing management rationales 
(strategic drivers) and determinant factors (practices) of shipping digitalization."

Introduction

"Our study addresses the following primary research questions: which are the effectual 
technologies of contemporary shipping digitalization and how these technologies resonate 
in shipping management; which management logics necessitate the adoption of digital 
technologies in shipping and which digitalization management practices enable them."

"Our multi-case, qualitative research took place within five of the largest and most 
advanced shipping institutions, worldwide; including two shipping companies, one 
classification society and one autonomous ship and one maritime blockchain consortium, 
henceforth making the research setting suitable for investigating the phenomenon of 
interest, namely shipping digitalization - constituent technologies and management 
dimensions and determinants."

"In section 3, we elaborate the typology of shipping technologies and solutions identified, 
while in section 4, the digitalization management aspects are presented in detail."

Conceptualization of shipping digitalization

"Digital innovation in shipping is articulated along three basic pillars: (1) innovative digital 
technologies (IoT, analytics, A.I., blockchain) (2) innovative digital solutions (smart 
shipping systems and services, maritime blockchains), and (3) digital business concepts, 
models and management practices (i.e. digital mindset and skillset, technology 
partnerships, digitalization resourcing)."

"In order to create and operate digital business models and management practices 
shipping companies need the develop and enact a digitalization capability, which may be 
reduced to a set of simple rules and process heuristics (best practices); an ability to think 
strategically about digital technologies, approaching digitalization as an opportunity for 
new value creation (Barrett and others, 97)."

"Our preliminary observations regarding digitalization management practices reveal that 
incumbent, leading shipping companies, today, primarily develop innovative digital 
solutions (i.e. blockchain based smart contracts) while aligning strategic and operational 
needs and objectives with digital technologies affordances."

Shipping digitalization: technologies and solutions

"IoT technology, namely sensors, actuators, or processors are embedded in vessels’ 
technical systems, namely engines, communications and data fusion systems, propellers or 



cargo systems, constituting the Internet of Ships and Sea Services. (Levander, 98) 
Embedded software platforms integrate and manage the increasingly automated functions 
of ships and the interconnected shipping business processes, as well as the connected 
maritime logistics service systems (Lycett, 99; Shmueli and others, 100; Thomas and 
others, 101)."

"Self-management and autonomous systems design principles and capabilities, i.e. 
monitoring, control, optimization and autonomy at various levels (0–5 or 6) and functional 
areas of ship operations (navigation, cargo handling) are relevant."

"An autonomous ship is operated by a land-based surveillance and control center 
connected with a collection of digital technologies such as IoT, data analysis technology, 
and broadband communication."

"A.I. is supporting a number of application areas at the tactical level of shipping 
management, including asset optimization, fleet planning, service planning and chartering."

"The business model of Distributed Autonomous Organizations, where shipping is 
algorithmically managed, coalescing the above technologies (IoT, 5G, A.I. and blockchain) 
into autonomous solutions may be tested soon too."

Digitalization management: concepts, models and practices

"In our second iteration of the theoretical base refinement, the value creation and business 
model angle was partly overlooked for further development and synthesis with the rest of 
the research lenses, as merely overlapping with adjacent concepts and management tools 
in practice-oriented shipping digitalization management."

"Among a wealth of related frameworks, based on Bharadwaj (102), we employed digital 
innovation capabilities as a practice oriented construct with six dimensions: digitalization 
strategic thinking, digital infrastructures (assets), digital business partnerships, and digital 
business process integration, structures and network orientation/connectivity."

"We examine the course of the various digital transformation activities and management 
practices along the different phases of the innovation process (sense-seize-transform 
digitalization loops), namely digital opportunity identification/ideation, digital initiative 
exploration and testing, and lastly, actual launching/operation of the digital technology 
systems/services (Salerno and others, 103)."

Methodology and cases

"The interviewees were asked to describe in detail how the particular key technologies of 
shipping digitalization enlisted are applied, used or offered by the interviewees’ company; 



furthermore, to explain whether (and which) new functions, services are enabled by the 
digitalization projects or platforms they are involved, to explain to which extent current 
processes embed or leverage the functions, and to describe implications of the emergence 
of smart ship and smart shipping or blockchain technology with regards to their 
organizations’ business processes and business models."

"We ensured that the interviewees’ position, experience and complementary perspectives 
would allow us to investigate how shipping digitalization is shaped and is shaping the 
industry, and individual companies’ and organization’s management practices and 
strategies, as well as identify the technological trajectory of smart shipping services and 
autonomous ship systems."

"The interviewees groups included at least one and up to three C-level Executives, 
responsible for the respective digitalization project(s), being the head of respective 
departments/units (i.e. Smart Shipping Division, Marketing Division, ICT Strategy 
Department or Information System Department), or Project Managers of the respective 
initiatives (i.e. blockchain platform)."

Summary: theoretical contribution, managerial implications and limitations

"Based on the field research findings, the extent of validation and the insights we gained 
with experts’ interviews, our work contributes with an overarching model of digitalization, 
which presents pertinent technological and managerial aspects to be further developed, 
enhanced and validated by forthcoming maritime research studies."

"We present: (i) a concise model of three prevailing, intertwined dimensions to take into 
consideration while engaged in real life digitalization efforts; we elaborate in detail (ii) an 
accessible typology of pertinent technological components of shipping digitalization and 
(iii) a list of related managerial action fields to focus on while engaging in shipping 
digitalization projects."

"We provide one single accessible knowledge source for maritime professionals who wish 
to be updated in shipping digital technology and resultant managerial issues."

"Fostering the academic dialogue on shipping digitalization, also contributes in expanding 
maritime business professionals understanding of digitalization aspects and enriches their 
managerial agency quality."

Concluding discussion: digital entrainment - old drivers, appropriated practices, new 
value?

"The intensity and direction in which resources are explored and combined are correlated 
with digitalization performance and needs further examination. (ii) Our insights suggest 



that innovation process practices, including industry-spanning search, complex system 
thinking style (sensing capability) and orchestration (seizing) capabilities are correlated 
with digitalization performance, also linked to the radicalness of digital innovation (i.e. 
business model innovation such as blockchain platforms and autonomous ships projects vs. 
process innovations). (iii) Digital value creation logics and processes apparently overlap 
and are interwoven and need to be further scrutinized. (iv) Managing digitalization is more 
complicated than acquiring, bundling and orchestrating physical and digital resources."

"Using competently analog shipping knowledge to bridge traditional and digital 
generations of shipping can have a positive impact on digitalization performance. (v) 
Likewise, our insights suggest that resource complementarity is the primary driver for 
which shipping companies pursue interorganizational collaboration; it constitutes a 
process with potential partners reciprocally strategizing through interactions and mingled 
actions."
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Abstract-Summary

"Enabled by artificial intelligence (AI), mobile apps, kiosks and chatbots revolutionize the 
guest experience and robots automate restaurant operations."

"Despite the increasing interest, the use of AI and robotics in restaurants is still in its early 
stage and restaurant managers are seeking guidance to leverage these technologies for 
service excellence."

"The present research analyzes the current state of AI and robotics in the restaurant 
sector and proposes a systematic identification of process innovation potentials."

"A market analysis of the European AI and robotics market for restaurant operations is 
conducted, which yields a first knowledge base for future research and conceptual work."

Introduction

"Following the call for more research on service technologies (Kunz and others 111; Wirtz 
and others 112), it systematizes current service solutions using AI and robotics 
technologies and contributes to the understanding of the opportunities for process 
innovation in the restaurant sector."

"It enriches current research on AI and robots in service operations, which is still in its 
infancy and requires knowledge on how technologies impact business practices and human 
work (Ferreira and others 113; Kunz and others 111)."

"Even if research demonstrates the potential of AI and robotics for all human tasks in 
service operations (Frey and Osborne 114; Huang and others 110), a quantitative view on 
existing technologies is missing to fully understand their capabilities, specifically in a high-
contact service sector."



"Two research questions are suggested: RQ 1: Which opportunities for process innovation 
are offered by current AI and robotics service solutions in the European restaurant sector?"

Theoretical foundations

"The adoption of AI and robotics service solutions offers a range of possibilities for process 
innovation in this industry (Ivanov, and Webster, C. (Eds.)."

"Ivanov and others (106) and Ivanov and Webster (107) provide a general overview of the 
applicability and effects of AI and robotics technologies in business processes."

"The examination of the European technology market of AI and robotics vendors offers 
novel empirical insights to develop a systematic view of current opportunities for process 
innovation, which may serve as a knowledge base for practitioners and researchers."

"In the current hospitality literature, AI and robotics technologies primarily substitute 
functional and repetitive tasks that lack intellectual and socio-emotional capabilities 
(Ivanov and others 106; Rosete and others 115)."

"Academic literature emphasizes the need for future research that focuses on the 
deployment of AI and intelligent robots adopting emotional work in the hospitality sector 
(Ivanov and others 106; Lu and others 116)."

Research methodology

"Following the AI literature (e.g. Russell and Norvig 117), AI solutions should feature at 
least the following skills of intelligent systems: (1) natural language processing (NLP), (2.) 
knowledge representation, (3) automatic reasoning to identify patterns, (4) machine 
learning to learn from its own activities and new circumstances, (5) computer vision in the 
form of image analysis and processing and (6) robotics to move or manipulate objects."

"The fourth analysis dimension was examined to improve the understanding on how 
subprocesses are currently empowered by AI and robotics solutions and how vendors 
position the role of service solutions in association to service employees (augmentation vs. 
substitution)."

"In order to classify the respective AI and robotics service solutions, several coding rules 
were defined to minimize the effects of interpretations and to achieve consistency during 
the analysis phase (e.g. Bryman 118)."

Analysis results



"In back-of-house processes AI service solutions are present as expert systems in human 
resource management or business and finance operations."

"42 vendors position their solutions in a way that AI and robotics services replace the 
responsibilities of service employees in front-of-house processes."

"AI and robotics service solutions that support subprocesses and tasks on a mechanical 
level are intended more to replace human work whereas the look at subprocesses with 
thinking and emotional tasks reveals that most solutions still augment service employees 
in service process."

"For some business processes, AI and robotics vendors offer more AI and robotics service 
solutions, resulting in different levels of opportunities for process innovation: In processes, 
such as customer operations and food and beverage preparation, the potential for 
innovation is higher whereby processes, such as marketing, and reputation management 
are on a lower level."

Decision support for service managers

"The business process perspective has the purpose of planning and coordinating 
operational tasks, clarifying responsibilities and aligning IS technologies to (service) 
employees (e.g. Davenport 119)."

"A perspective on business processes should be adopted that structures the application 
domain of AI and robotics in service operations and coordinates tasks along business 
operations."

"Looking at service solutions in the context of business processes facilitates the 
identification of use cases and may guide service managers where to start with applying AI 
and robotics."

"The business requirements and the appropriate use case for AI service solutions need to 
be identified in specific business processes, e.g. in the subprocess of staff planning in 
human resource management."

"Service managers must think of new tasks for service employees as well as creative 
workflows of human-robot collaboration."

Contributions

"In accordance with the call for more research on service technologies (Kunz and others 
111; Wirtz and others 112), this paper analyzed the current European market of AI and 



robotics service solutions in the restaurant business as a high-contact service sector."

"Four main contributions shall be mentioned: First, the vertical analysis of a single service 
sector provides empirical data on how existing AI and robotics technologies already 
perform human tasks corresponding to business processes and tasks in a high-contact 
service industry."

"Similar to existing literature (Chui and others 120; CUF 121; Ivanov and others 106), the 
analysis demonstrates that a broad range of subprocesses and tasks in the restaurant 
sector require skills on a mechanical intelligence level and that the majority of identified AI 
and robotics service solutions currently assume these activities."

"Early results indicate that such a maturity level may depend on the type and the number 
of processes being supported and that about 30 AI and robotics service solutions already 
provide assistance in multiple business processes and subprocesses."

Research limitations

"The primary research objective was the analysis of the current market situation for AI and 
robotics service solutions in the five largest European food markets."

"MMC Ventures (122) showed that Sweden and Ireland have developed more AI service 
solutions than Spain and Italy in other sectors."

"Since available corporate websites and online documentation of vendors were analyzed in 
detail, these AI vendors do not always fully describe the use of AI capabilities, e.g. the use of 
computer vision in robotics solutions."

"This signifies that vendors present their solution as AI technology for marketing purposes 
although they have solely developed single rule-based systems."

"Due to its strong organizational focus, other significant aspects related to AI and robotics 
have not yet been considered and should be added in future development cycles, e.g. the 
availability of data for AI services (Hofmann and others 123) or topics, such as data 
security, data privacy issues, or the quality of algorithms (e.g. Berezina and others 108)."

Project Stakeholder Management as the Integration of Stakeholder Salience, Public 
Participation, and Nonmarket Strategies [242]
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Abstract-Summary

"The literature on project stakeholder management does not have sufficient theoretical 
substantiation to address this issue."

"To fill this knowledge gap, we integrate the concepts of stakeholder salience, public 
participation, and nonmarket strategy, and apply them to two urban infrastructure projects 
in Germany."



"It offers a dynamic and conceptual model for project stakeholder management, providing 
explanations for different conflict intensities."

"Examples include the identification and clustering of so-called nonmarket assets, an 
examination of the influence of nonmarket strategies on managers’ perceptions of 
stakeholder salience, and the study of public participation in a corporate–political context, 
rather than a purely political one."

Introduction

"Our focus on these concepts and their interplay fills the gap in the literature on project 
management, which does not contain sufficient theoretical substantiation to address the 
aforementioned issue as it is still a nascent discipline which, for a long time, focused on 
operational and technocratic aspects while ignoring projects’ strategic framing and broader 
scope (e.g., Killen et al. 124; Koskela and Howell 125; Packendorff 126; Söderlund 127)."

"Despite an increase in the number of publications on project stakeholder management 
(PSM), key topics, such as stakeholder influence strategies and interrelationships, remain 
obscure (Aaltonen et al. 128; Achterkamp and Vos 129; Eskerod and Vaagaasar 130; Littau 
et al. 131; Mok et al. 132; Nguyen et al. 133; Turkulainen et al. 134)."

"We deviate from this approach not only by highlighting the conflict intensity as the final 
outcome to be explained, but also by introducing broadly accepted and applied theoretical 
concepts from strategic management into the project management literature."

"It provides a conceptual dynamic model for PSM by highlighting how the complex 
interplay between stakeholder salience, public participation, and nonmarket strategy 
affects conflict intensity."

Theoretical Background

"PSM explains a broad range of topics such as stakeholder analysis, stakeholder influence 
and stakeholder management strategies, as well as stakeholder engagement and project 
evaluation—that is, project success, risks, and performance (Littau et al. 131; Nguyen et al. 
133)."

"The first component in the PSM process is analysis, “an interpretation process by project 
managers in analyzing the project stakeholder environment” (Mok et al. 132, p. 452)."

"This corresponds to the desired outcome of stakeholder analysis, especially since the 
definition of power is based on the same arguments as the concept of harm and help (cf. 
Mitchell et al. 135, p. 860)."



"We have determined the theoretical base for the two components of the PSM process, 
analysis and interaction, but still lack the strategic component that makes PSM a key 
success factor for projects (e.g., Suttrfield et al. 136)."

Methodology

"This study analyzes how the interplays among nonmarket strategy, stakeholder salience, 
and public participation explain PSM with regard to the special case of conflict with 
citizens."

"We adopted a multiple case study approach following the guidelines of Eisenhardt (e.g. 
137)."

"While single interpretive case studies based on grounded theory (e.g., Gioia 138) have 
become popular, a comparative case study design is more suitable for several reasons."

"Difficulties in finding access to similar constellations resulted in a limited sample; 
however, the analysis of distinct project phases allowed for comparisons across points in 
time, thus ensuring theoretical saturation (Eisenhardt 139)."

"Secondary data were not used for quotes, but it ensured an efficient focus and accurate 
interview interpretation, thus minimizing the risk of deriving less-than-insightful primary 
data."

"The richness of the secondary data helped ensure the results were sufficiently robust, 
despite the relatively few interviews conducted."

Case Analysis

"The second subsection then shows how nonmarket strategies influence stakeholder 
analysis, or the salience attributed to local communities, highlighting the importance of 
adequate stakeholder perception through the different phases of a project."

"Each of the following subsections introduces the detailed research approach, presents the 
findings from the two cases, and strives to substantiate them with the three theoretical 
concepts of nonmarket strategy and assets, stakeholder salience, and public participation."

"The results revealed that the absence (existence) of a private-oriented nonmarket strategy 
decreases (increases) the salience attributed to local communities, especially prior to 
implementation."

"The analysis demonstrates that in the first two project phases, Stuttgart 21 perceived the 



salience of local communities to be too low, whereas Runway North-West/T3 did the 
opposite."

"As private-oriented nonmarket strategies did not exist, it is likely that the perceived 
salience influenced the chosen stakeholder interaction."

Towards an Integrative Framework for PSM

"This is interlinked with the fact that in the end, both projects showed integrated CPA and 
CSR strategies with corresponding approaches to public participation, having a positive—
or diminishing—impact on conflict intensity."

"It promotes interaction forms that aim to find acceptable compromises without putting 
the project at higher risk."

"These findings emphasize the influence of strategy on managerial perception, and thus, 
stakeholder analysis and interaction."

"They also highlight the importance of a more specific and context-related view on PSM, 
especially regarding stakeholder interaction."

"Stakeholder salience helps examine the analysis component, while public participation 
gives substantiation to interaction."

"The cases also revealed that analysis depends on interaction, as information exchange 
improves decision-making, for instance."

"Strategies such as public CPA, private CPA, or politicized CSR influence the analysis 
through their impact on managers’ perception of important stakeholders (cf. Buysse and 
Verbeke 140; Henriques and Sadorsky 141)."

Contributions, Limitations, and Future Research

"Owing to diverse cases such as the Keystone XL Pipeline, calls for the democratization of 
business processes are becoming louder, emphasizing the need for project stakeholder 
management (PSM) focusing on civic stakeholders (e.g., Crane et al. 142; El-Gohary et al. 
143; Invernizzi et al. 144; Rothfuß et al. 145)."

"Our study revealed that it is possible to balance knowledge exchange, consideration of 
needs, and the ability to act when applying public participation tools."

"It enriched nonmarket strategy research by offering a practical example of the coupling of 



corporate political activity and corporate social responsibility (cf. Mellahi et al. 146)."

"Scholars could use the model as guidance in refining our understanding of the linkages 
between PSM and the three theoretical approaches we selected for this study, or make use 
of other concepts that help connect the project management and the strategic management 
disciplines and contribute to productive theory building (Whetten 147)."
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Abstract-Summary

"This paper examines the change management process throughout the servitization 
strategy."

"The study finds that synergistic interaction between product and service systems will 



create greater customer value when following the servitization strategy."

"This paper complements extant research on change management in servitization by 
proposing apparent change as a relaxed strategy to allow for changes following 
servitization with delicate alignment with existing organizational values and culture."

Introduction

"Previous research acknowledged that organizations undergoing servitization process and 
operating in product-service systems face several paradoxes such as service paradox 
(Gebauer and others 148), cost-profit paradox (Neely 149), sales growth paradox (Kastalli 
and Looy 150), co-opetition paradox (Raza-Ullah and others 151), branding paradox 
(Nenonen and others 152), performance paradox (Wang and others 153), supply–demand 
paradox (Gölgeci and others 154), and innovation paradox (Kohtamäki and others 155)."

"Change paradox is another challenge facing organizations and their supply networks 
following the servitization strategy (Benedettini and Neely 156)."

"A product-oriented organization will need to make necessary changes following the 
execution of a servitization strategy (Nuutinen and Lappalainen 157)."

"Baines and others (158) investigated the servitization change process moving from 
product-oriented to services-oriented logic and the forces impacting this process, 
maintaining that this process is challenging with multiple catastrophes and tipping points."

"This paper seeks to answer the question of how the change process is managed when an 
organization moves from product-oriented to services-oriented logic and reduce the 
change paradox when adopting the servitization strategy?"

Literature review

"Moving to a services orientation may cause inconsistencies in the organization’s operation 
system, leading to a potential strategic failure, in which case, an effective organizational 
change process should be put in place (Oliva and Kallenberg 159; Gebauer and others 
148)."

"In this debate, servitization as a change process may incur paradoxes such as performing, 
belonging, and organizing (Luscher and others 160)."

"The paradox of performing reflects the challenges organizations face when their roles 
change from product-oriented to product service oriented (e.g., mixed messages to their 
customer base)."



"A revolutionary change process with radical and impulsive alterations to services-oriented 
logic is more appropriate when adopting servitization."

"This revolutionary change process is necessary to promptly enforce the services 
component across all organizational dimensions (Nuutinen and Lappalainen 157; Brax and 
Visintin 161)."

"This evolutionary change process is based on the organization’s learning ability and the 
development of changing capabilities toward service orientation."

Research design

"This study explores how change is managed when an organization moves from product-
oriented to services-oriented logic by adopting a servitization strategy."

"These organizations have explicitly employed a servitization strategy and now generate 
revenue by selling products and advanced services in their respective market networks."

"Since 2016, the company has been developing a servitization strategy to offer 
differentiated managed services, including cloud-based computing, data security, recovery, 
and maintenance solutions."

"Due to safety regulations and ergonomics, in 2017, the company repurposed its operations 
to target international market and transformed its business strategy to shift from product-
based to product-service systems through a transformative servitization."

"The second part focuses on understanding the underlying conflict between product and 
product operations and service orientation and the organization’s servitization-related 
challenges."

"The third part focuses on understating the organization’s transformational process from 
product oriented to services oriented and the change management strategy that underlies 
this transformation process."

Data analysis and findings

"The four companies also agreed that a slightly more advanced level of integration (i.e., the 
amalgamation of product and service rather than a comprehensive integration) between 
service and product is needed to provide an advanced customized service that is key to 
improving customer value."

"The changes that accompanied this level included, for example, the delegation of authority 



and training of employees, improved product quality, and customized service provision, 
which resulted in businesses attaining greater customer satisfaction and successful 
organizational performance."

"At this level, the four companies moved to offer system solutions and changed their 
business models to be an integrated system that is services oriented."

"Whereas offering integrated services [in the third level of servitization] is usually a 
required fundamental change towards a greater focus on services provision, to better fit 
with specific customer needs.”"

Discussion, conclusion, limitations and future studies

"This paper explains how companies might navigate the required changes to servitize their 
product offering without excessively focusing on service orientation and further explains 
why an excessive focus on service might not be a preferred route to servitization."

"We argue that an apparent change strategy is more appropriate for a servitization strategy 
that does not take focus away from product but at the same time considers service, which 
we call dual focus."

"This signposts to organizational dimensions that needs to significantly change toward a 
balanced product-service orientation (i.e., dual focus), including, for instance, new 
organizational arrangements, behaviors, innovation practices, customer relations, and 
activities that are necessary to produce and deliver various services that form the value of a 
product-service system (c.f."

"This paper advocates a dual focus that equally considers both service orientation and 
product orientation in a balanced way that would alleviate several challenges when 
implementing servitization, that otherwise would crop up in the evolutionary and 
revolutionary change strategies."
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Abstract-Summary

"This article presents a community learning model formulated by Engineers Without 
Borders Colombia with the aim of providing communities with tools to create sustainable 
productive solutions which have relevancy for members and for potential customers."

"This collection will prove useful in replicating the learning model in other similar rural 
communities."

Introduction

"Colombia owns 94% of the rural territory and is apt to develop this type of alternative 
undertakings but currently there is a lack of stimulation of rural work, because the 
producer receives about 35% of the final value of fresh food or 15% of the price when it is 
processed, which usually does not cover production costs. (Baquero and others 162)."

"As it was mentioned before, sustainable development must respond to the needs of the 
most vulnerable, but the inappropriate stakeholder analysis and management often lead to 
conflict, controversies and eventually project failures (Ha and others 163); frequently the 
opinion and efforts of the people for whom projects are directed are forgotten, resulting in 
externally- driven development and projects imposed on communities (Network of 
Community Exchange Systems in Asia, Africa, and Latin America 164)."

"Engineers without Borders Colombia (ISF-COL), an alliance between University of los 



Andes (UNIANDES) and Minuto de Dios University Corporation (UNIMINUTO), developed a 
participatory community learning model concerned about how to promote sustainable 
internally-driven entrepreneurial systems by formulating productive solutions which must 
reflect local and rural contexts; sustainability problems are regularly contextual and 
complex, becoming critical to operationalize participatory processes in formulating future 
visions, objectives and action plans (Hara and others 165)."

Context

"The Guavio Province province is located close to Colombia’s capital, Bogota."

"Despite life quality of population settled in Bogota and its surrounding areas depends on 
Guavio’s environmental sustainability, 27.2% of inhabitants has unfulfilled basic needs and 
main economic activities have traditional commercial schemes based on agriculture and 
livestock, where producers received low payments from intermediaries and ecosystems 
biodiversity and sustainability are threatened (Cámara de Comercio de Bogotá 166)."

"Small-scale farming is ubiquitous and smallholder farmers must tackle multiple obstacles 
such as a lack of access to productive resources, lack of market information, poor human 
and physical capitals, low competitiveness of produce and poor bargaining power (Ha and 
others 163), among others."

Theoretical Framework

"As a learning model is developed, it is important to review organizational learning, which 
is the capacity to create, organize, and process information from its sources to generate 
new knowledge at different organizational levels, creating a culture that favors learning 
and conditions to develop new capacities, to design products and services, to increase 
existing offer, and to improve processes focused on durability (Garzón and Fisher 167)."

"The objective of this model is to promote social development, therefore productive 
solutions’ formulation is also supported on the notion of green business, which is socially 
and environmentally helpful, care for customers and clients, improve communities and lead 
to sustainable growth (Ali and others 168)."

"Participatory research has its roots in liberation theology, approaches to community 
development and human rights activism, distinguish from conventional research by 
attributes, such as shared ownership of research projects, community-based analysis of 
social problems, and an orientation toward community action (Kemmis and McTaggart 
169)."

Research Methodology



"According to these objectives, ISF-COL formulated the ECL-POCDI model (Entrepreneurial 
Community Learning- Preparation and Observation, Conception, Design and 
Implementation), supported on the PAR methodology; a qualitative research methodology 
that allows to reveal features of an individual’s sighs, feelings and patterns without 
manipulation or control from the researcher."

"Various methods for data collection are used in PAR and their utilization is collaborative, 
determined by participants and researchers according to the specific situations."

"Between these methods, the three most commonly cited methods in the literature are 
participant observation, interviews and focus groups (MacDonald 170).Participant 
observation allows researcher to obtain first-hand knowledge of social behavior (Gillis and 
Jackson 171)."

"This method involves systematic observation and the recording of events, behaviors and 
objects using thorough field notes (Marshall and Rossman 172).Interviews are face-to-face 
verbal interactions appropriate for collecting data, regarding human experiences by 
enabling participants to describe their ideas, thoughts and memories in their own words."

ECL-POCDI Model

"The knowledge resulting from the application of this learning model is expected to be 
focused on the successful introduction of productive solutions into a market."

"Process, identifying relevant stakeholders, their potential influence on a project, interests 
and expectations is a key element of stakeholder engagement and analysis, helping to 
address critical success factors for a project, such as generating an environment for 
collaboration and trust, building interrelationships and developing mutual understandings 
(Ha and others 163)."

"Since this stage is meant not only to share knowledge and improving skills but also to 
formulate solutions to previously identified needs, learning comprises the Argyris and 
Schön (173) single-cycle, were individuals, under their mental models, detect 
inconsistencies in terms of expectations and respond to them by modifying strategies and 
assumptions in constant organizational bylaws."

Case Study: Guavio Region Community Green Business Strengthening Project

"Part of this project was devoted to consolidating a network of at least 35 productive units 
(companies or entrepreneurships), located in Gachetá, Junín, and Guasca municipalities, 
strengthening their green profile through a community learning process."



"This initiative has evolved consistently with the regional commitment to consolidate a 
touristic water circuit, using the learning generated from the project to strengthen the 
consolidation of the participants with productive units as touristic operators."

"ASOPROQUINUA, focused on boosting quinoa production, recollection and future 
commercialization, was constituted through four participatory design spaces: a space for 
interaction with the members of the association, a field school, a quinoa commercialization 
workshop and a space for the design of a prototype focused on the inclusion of quinoa in 
people’s diets."

"A team integrated by an entrepreneur and students formulated a business model for a 
soap in bar and liquid presentations, developed with an expert help in the participatory 
design spaces with the aim of initiating a portfolio of honey byproducts."

Discussion on Findings

"On Friday, August 11, 2017, more than three years after project ending, allowing 
community members to evaluate their generated capabilities, a ‘focus group’ was 
stablished with more than 10 participants, belonging to Guasca municipality."

"Both college and university students had an expected participation in the project of an 
academic period and did not generate a commitment of them to the project in the long 
term."

"The proposed ECL-POCDI Model can help development project practitioners to effectively 
integrate Design Thinking and the PAR approach into their work, allowing the generation 
of really innovative and participative solutions to the community’s problems."

"The Conception phase allows a co-creation of the solutions between all the stakeholders, 
and generating high levels of engagement; even more, allows to use, through the Design 
Thinking Tool, all the creative power of the project participants."

Conclusions

"This learning process design and application help to fill the current research gap on 
participant relationships and knowledge creation amongst projects, by presenting practical 
evidence of how PAR and Design Thinking approaches provide actionable knowledge 
which strengthens participants’ capacity to handle problems that are of their common 
interest."

"As described here, these initiatives may be valuable opportunities to introduce students to 
real context involvement, strengthening their academic learning processes through 



experiences, knowledge and problematics shared by community members."

"Among the model application in the case study, elements of AR which are also present in 
social innovation processes were identified, such as knowledge cogeneration and 
socialisation, shared problem-setting, mutual empowerment, and the development of 
specific capabilities that facilitate self-managed transformation processes, opening lines of 
research related to the application of learning models like this in other innovation 
processes within several social context (Estensoro 174)."
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Abstract-Summary

"To be aware of and manage the set of possible design options, one can rely on 
classification tools, including taxonomies, typologies, and classification schemes."

"Following a descriptive literature review approach, this paper structures the diverse body 
of classification research by presenting a repository of tools and deriving an analytical grid 
to disclose the similarities and differences between selected tool types."

"This paper (1) raises awareness for the plurality of tools and their underpinning concepts, 
(2) provides a status quo overview across tool types, and (3) derives design-relevant 
knowledge for the tools, points to current challenges, and paves the ground for future 
research on the building, evaluation, and use of this class of tools."

Introduction and problem formulation

"Despite the increasing interest, there is, to the best of our knowledge, only scarce guidance 
on what type of classification tool is suitable for a specific purpose within the context of 
business models."

"We formulated the following two research questions: What is the distribution of 
classification tools for business models (RQ1)?"

"What are the key characteristics in the design and use of different classification tool types 
for business models (RQ2)?"

"We provide a status quo overview of taxonomies, typologies, classification schemes, and 
other classification tools in the business model domain."

"Our work organizes design options for each classification tool type as well as initial 
production patterns, which help designers in making purposeful decisions during the 
building and evaluation of new tools, ultimately paving the ground for prescriptive 
knowledge on business model classification design."

Research background



"Attributes of real companies in which business models are seen as elements determined 
“by empirically classifying real world manifestations of organizations as a function of their 
measured similarity on observed variables” (p. 76)."

"The relevance has already been stressed by Pateli and Giaglis (175), who found in their 
review of e-business models that “a great deal of research has been devoted towards 
developing typologies of business models by classifying them under a set of criteria” (p. 
308)."

"Since classification tools help to organize both empirical and conceptual knowledge for the 
development and adoption of business models, they are promising to face today’s 
situations coined by complexity, inconsistency, and growing design options."

"This type of classification can be matched to Massa and others’s (176) interpretation of 
business models as “attributes of real firms,” which are examined empirically by classifying 
real-world organizations."

Research method

"We excluded the following papers: duplicates (e.g., papers appearing both in AISeL and the 
Top Basket) and papers obtaining classifications tools that do not directly refer to business 
models (e.g., taxonomies of business model development tools, Szopinski and others, 74, 
177)."

"We specified the following initial taxonomy dimensions: empirical- and conceptual-
informed research approach (e.g., Bailey, 178), grounding and development (e.g., Nickerson 
and others, 179), demonstration and evaluation (e.g., Szopinski and others, 180), 
communication and visualization (e.g., Szopinski and others, 74, 180), application and use 
(e.g., Schoormann and others, 181), and general aspects for purpose and scope of a tool."

"In Iteration 2, we randomly selected five papers for each of the main types of tools, 
namely, taxonomies, typologies, and classification schemes."

"We classified an additional set of 30 randomly selected papers, regardless of which type of 
classification tool was presented."

"Following this, we applied the analytical grid (i.e., taxonomy) from the previous phase to 
extract and compare the distribution of characteristics across all classification tool types."

Extraction of classification tools for business models

"The following subsection presents an overview of the tools along with the four major 



types of taxonomies, typologies, classification schemes, and other classification tools (see 
Appendix 3 for the entire list of papers; see Appendix 4 for representations that stood 
out)."

"Taxonomies focus on entire business models (42/46) instead of specific business model 
components (4/46), such as key resources or key partners."

"To the actual taxonomy, researchers often apply their results to arrive at business model 
archetypes (i.e., typical configurations of the characteristics) (19/46) as well as derive 
future trends and potential for subsequent research (15/46)."

"While most of them shed light on entire business models (7/12), contrarily to other types, 
several classification schemes also lay a focus on specific business model components 
(5/12), such as partners (#37) or outputs (#60)."

"The majority of papers do not report on types or clusters of business models (8/12)."

Analysis of classification tools for business models

"The first meta-dimension contains five dimensions, including the type of tool, primary 
goal, business model scope, domain focus, and technology focus."

"As the most basic aspects, the tool type (G1) differentiates between taxonomy, typology, 
classification scheme, and other types to also incorporate rarely used tools (e.g., some 
authors refer to frameworks (#69) or cluster profiles (#31))."

"As another aspect, the classification tools differ in what they analyze, including specific 
technologies (e.g., taxonomy for artificial intelligence-based business models, #97) or 
certain industries (e.g., a typology for tourism, #39)."

"Besides, scholars draw on classification tools to reflect on the advantages of business 
model types (#2), discuss gaps and trends within a certain domain of interest (#36), derive 
testable propositions (#9), and develop further artifacts (e.g., create a holistic framework, 
#37)."

Discussion

"With the holistic view of classification tools, our work extends available insights, for 
instance, on the construction of empirical business model taxonomies (e.g., Möller and 
others, 182) and business models in general (Groth & Nielsen, 183)."

"In line with this, we can observe some waves with regard to the specification from 



classification tools: starting rather strictly by differentiating a specific grounding for a 
specific type (e.g., typologies are derived conceptually) towards allowing for combining 
several approaches (e.g., taxonomies derived both conceptually and empirically)."

"Since appropriate and transparent grounding is an essential ingredient in research (e.g., 
Goldkuhl, 184; vom Brocke and others, 185), scholars might want to investigate specific 
grounding approaches for business model classification tools (RD3)."

"Future research should investigate specific methods and criteria for evaluation (RD4), 
including questions concerning what constitutes a useful business model classification 
tools (e.g., applicable by practice) and which criteria should be taken into account (e.g., 
number of generated ideas, degree of consistency in a new model, generated revenues from 
a new business model)."

Conclusion

"We set out to explore the vast landscape of classification tools for business models."

"To structure this vast field, we present an overview of classification tools proposed for 
business models, an analytical grid in the form of a taxonomy, and a systematic comparison 
of different tool types."

"Our work is intended to complement available business model research and allows 
researchers to build upon knowledge captured by available tools, select suitable tool types 
for their individual projects, and make informed design decisions for new tools."

"Because we have already experienced situations in which classification tools serve a 
valuable input to adapt, innovate, and create new business models, we hope to contribute 
to leveraging the full potential of those tools."
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Abstract-Summary

"Transforming traditional workplaces into high-performing workspaces is a complex 
venture, not only in terms of design and preparation, but also in terms of implementation 
and management with regard to the realization of the intended goals."

"Starting with the definition of goals and performance metrics, evaluation must be 
established from the very beginning and then continuously be applied to the project."

"The evaluation concept—like a controlling system, only with workspace-specific aspects 
and KPIs—covers two areas: The main dimensions of workspace design with the involved 
stakeholders and their performance parameters, and the processes of implementation, the 
change management aspects."

"The study excerpt presented here addresses the evaluation of transformation projects in 



the field of working environments."

"An evaluation concept supports those responsible for the workspace project to keep on 
track by deducting and tracking relevant KPIs, offering tools and methods for group and 
team processes regarding the change project, and providing those."

"To combine design and change management of workspace projects in one evaluation 
concept and to provide a structured list of possible instruments/methods for evaluation 
over the different phases of such a project is new and thus original for workspace 
management."

Introduction

"The term ‘workspace’ includes a broad variety of physical work environments, used 
technologies, data space, services provided, corporate culture etc ‘Workspace’ thus reflects 
much better the complexity of today’s work, and the multidisciplinary efforts that are 
necessary to transform traditional ‘workplace’ concepts into today’s modern ‘workspaces’ 
to reach new levels of performance."

"This led us to reflect, and resulted in the question addressed here: What are the 
preliminaries for an impactful evaluation, an evaluation that effectively supports a learning 
organization in its work environment transformation projects?"

"Because of the severe consequences (e.g. productivity or even employee losses) in case of 
not learning effectively from workspace transformation pilots and projects, the question 
above and the goal to optimize transformation processes systematically, using evaluations, 
are important."

Need for and understanding of ‘workspace evaluation’

"As is clearly depicted in the office ecology model in regards to its elements, workspace 
transformation projects are particularly complex, not only in their design and preparation 
(e.g. initiating, planning and managing the physical, technological and social change 
processes), but also in their implementation and steering towards their objectives."

"Effective WS plans consist of actual and target figures for the various relevant dimensions, 
as well as on measures to be implemented, with the implementation being managed by the 
operative management."

"The implementation of a WS transformation project requires to plan in change phases, as 
e.g. mentioned in (Levin 186), with different phases involving different participants and 
methods of involvement."



"A transformation project can only be successful, i.e., achieve the intended targets at the 
end of the project, if strategic goals are broken down into operational KPIs and operational 
control variables during the planning phase."

Performance-oriented workspace change project evaluation concept

"An evaluation concept should also include and cover some KPIs’ leading indicators that are 
determined at different moments of the change project to enable the organizations to set 
up the project in the best way and identify and make adaptations early on, if necessary."

"A mixed-methods approach is needed, consisting of various data collection instruments in 
the context of workspace change projects: Prerequisite for an effective WS change project 
and its evaluation is the profound knowledge of the WS situation."

"For the evaluation of WS change projects, interviews can be used additionally with focus 
groups or at certain events, e.g. after moving into the new space (Tuzcuoğlu et al. 187) and 
in different forms, like semi-structured interviews (Kavantera et al. 188) or expert 
interviews (Kohlert 189)."

"Comprehensive evaluation of WS change projects as suggested is thus an important 
contribution to a learning organization."

Case study: directbank

"Those surveys were supposed to be linked with the pulse checks through anonymous 
identifiers allowing a longitudinal analysis on individuals’ user journey Final interviews 
respective focus groups to discuss the insights of the prototype with representatives of all 
stakeholder groups: employees and affected managers, as well as from the involved 
departments like HR, IT, etc A very important part of the evaluation was the continuous 
analysis of the data that included reflection of the team of internal managers and external 
scientific team regarding the findings and the resulting necessary adaptation measures."

"While the pulse checks form the basis for the ongoing management of WS transformation 
projects, the final surveys and focus groups serve to assess the achievement of objectives 
on the one hand, and—in comparison with the original objectives—also to gather 
knowledge for subsequent projects."

Conclusion

"The paper provides a concept for evaluating WS transformation projects that relates to the 
ideas of the ‘Performance evaluation and improvement’ of the ISO 55000 series ‘Asset 
Management’, and thus is a part of the overall corporate management systems."



"To fulfil the purposes of performance evaluation and the requirements of the multi-
dimensional office ecology model including change management alike, the concept 
combines methods and instruments from strategic management and business controlling 
with empirical social research, communication sciences, and methods derived from 
medicine."

"A comprehensive design and change management model together with the evaluation 
concept suggested here, provide an effective toolset to plan, evaluate, steer, and control WS 
change projects, though admittedly, the evaluation concept is to be developed further to 
facilitate usage and lower costs."

"Practice can profit from the evaluation concept, as it is integrated in the corporates’ 
management systems and provides a structured overview of the most important steps, 
instruments and methods for evaluation, ‘translated’ to WS transformation projects 
including respective change processes."
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Abstract-Summary

"Robotic process automation is a disruptive technology to automate already digital yet 
manual tasks and subprocesses as well as whole business processes rapidly."

"To other process automation technologies, robotic process automation is lightweight and 
only accesses the presentation layer of IT systems to mimic human behavior."

"Due to the novelty of robotic process automation and the varying approaches when 
implementing the technology, there are reports that up to 50% of robotic process 
automation projects fail."

"To tackle this issue, we use a design science research approach to develop a framework for 
the implementation of robotic process automation projects."

"We analyzed 35 reports on real-life projects to derive a preliminary sequential model."

"They structure how to manage knowledge and support processes for the execution of 
robotic process automation implementation projects."

Introduction

"Whereas traditional off-the-shelf software (such as enterprise software) as well as BPM 
software itself have turned out to be too heavyweight for rapid automation projects robotic 
process automation (RPA) is a lightweight automation technique (Santos and others 191)."

"Although academic literature already provides several case studies, most of them refer to 
specific companies and therefore do not enable a generalization of the findings to support 
RPA projects."



"We aspire to close this gap by consolidating findings from reported cases to develop a 
framework for RPA implementation projects and refining it in an expert interview study."

"With these contributions, we answer the call for research on RPA by van der Aalst and 
others (192193) and we address several challenges that Syed and others (194) have put 
forward, namely contributing to better methodological support for the adoption and 
implementation, socio-technical implementation, and in particular the systematic design, 
development, and evolution of RPA projects."

Business process management and robotic process automation

"RPA is an approach that does not require new APIs or software services to replace current 
practices, but installs software robots that mimic the behavior of human users and interact 
with their already existing graphical UIs invoking a sense of anthropomorphism (Czarnecki 
and Fettke 195; Lacity and others 196; Penttinen and others 197)."

"RPA implementations are often not managed by the IT department, but by the business 
departments that are directly affected by the process’s automation (Hofmann and others 
198)."

"RPA can be defined as technology for the lightweight and rapidly deployable automation 
of tasks and processes using software robots that operate on the UI layer of preexisting 
software."

"BPM software aims to coordinate and orchestrate process automation while 
communicating through programming or APIs accessing the data and business logic layer 
(Hofmann and others 198) constituting heavyweight IT (Bygstad 199; Penttinen and others 
197)."

"This entails that one can distinguish symbolic RPA, which relies on handcrafted process 
models and rules, and intelligent RPA, which uses AI technology to enable human-like 
cognitive abilities for selected tasks (Herm and others 200)."

Research methodology

"We have performed three design iterations of data collection and suggestion, 
development, and evaluation and conclusion: Iteration 1: Structured literature review to 
enhance theoretical sensitivity, meta-synthesis, initial framework, Iteration 2: Expert 
interview study, data coding, consolidated framework, demonstration, and expert feedback, 
Iteration 3: Framework refinement, evaluation workshops, final framework."

"In line with the challenges put forward by Syed and others (194), the artifact of this 



research is a framework to facilitate and guide the introduction of RPA in companies to aid 
the systematic design, development, and evolution of RPA implementations."

"Based on the evaluation of the structured literature analysis through the interview study, 
we combined the identified stages and phases from both analyses."

"The first version of the framework emerged from the results of the literature analysis, 
which were adapted and supplemented by the expert interviews."

Literature review

"We screened and then analyzed the full text of the resulting 541 hits for articles that 
contain stages of RPA projects and conducted a forward/ backward search to identify case 
studies that were not listed in the databases."

"During the literature review, we have analyzed the 35 contributions in terms of their 
content for stages or phases within RPA projects."

"It is apparent that most contributions only consider between three and five stages for RPA 
implementation projects, while only six contributions consider eight stages for RPA 
implementation projects."

"Few cases approach RPA projects in a structured fashion early on or consider the long-
term benefits and challenges: that is, not many cases report on a structured screening of 
technologies (n = 9) let alone provide thoughts on long-term service (n = 5) or the transfer 
(n = 3) of results in future RPA projects."

"Our literature review summarizes the current state of academic literature on the different 
phases and stages within RPA implementation projects and, thus, serves as our first key 
contribution."

Expert interviews and workshops

"Since RPA mostly addresses process automations across different software without API, 
W2 and W4 consider RPA to be a bridging technology without a defined expiry date."

"Processes with low complexity as well as few exceptions (I3, I5, I8, W2, W4), which are 
financially lucrative to automate (I5), should be used for initial RPA projects."

"Hereby, expert knowledge from RPA consultants can be helpful to allow for more rapid 
and less stressful development of the software robots (W4)."



"According to the experts, an RPA pilot should focus on simple but relevant processes (I3, 
I6-7, W1-4)."

"The analysis of the interviews suggests that the experts consider these aspects to be part 
of the CoE, RPA support processes as well as the scaling of RPA services stage (I1-2, I6-7)."

Framework for implementing RPA projects

"These continuous stages represent project-external influences that support concrete RPA 
implementation: in particular, this is the establishment and enhancement of a CoE. As the 
framework has been developed through 35 literature use cases as well as eight expert 
interviews and five workshops with different companies, it represents a comprehensive 
and actionable prescription to support the systematic design, development, and evolution 
of RPA projects in practice."

"In the initialization phase, identification, alignment, and technology screening are 
completed and the implementation phase stages of process selection, RPA software 
selection, RPA pilot, and the evaluation of business case start."

"All stages are complemented by a continuous cycle of RPA support processes and through 
a CoE. It became evident that the initialization phase differs, when only few RPA 
implementation projects have been completed in contrast to abundant experience with 
RPA implementation projects."

"With an increasing number of RPA implementation projects, the stage of adoption and 
scaling is gradually transferring into a continuous cycle of RPA support processes."

Discussion

"Further, the presentation of the framework as well as the evaluation through the 
workshops has revealed that an own framework for RPA is warranted as RPA differs from 
traditional IT automation not only in the technical dimension but also in an organizational 
and social dimension."

"Our proposed framework guides practitioners to implement RPA projects within their 
companies."

"Due to the holistic and flexible nature of the framework, practitioners are able to orient 
themselves on which stages they may or may not need to apply for their RPA 
implementation projects."

"While this was not the focus of our research, we can deduce the RPA phase of initialization 



can take place before, during, or after the BPM phases of process identification through 
process redesign depending on the urgency of automation as a temporary bridge or the 
informed decision to automate using a software robot rather than BPM software."

Conclusion and outlook

"We investigated the status quo of RPA research focusing on the challenge of the systematic 
design, development, and evolution of RPA projects while considering aspects of socio-
technical design and adoption (Syed and others 194)."

"Following a structured literature review, an interview study as well multiple workshops to 
uncover differences and similarities between practice and scholarly literature, we 
developed a framework of three phases, nine project-based stages, and two continuous 
stages of project support."

"While promising concepts have already been developed in theory, companies have 
generally not yet addressed these issues in practice, especially if they represent long-term 
benefits such as establishing a CoE. In response, our framework can be considered as a 
prescription that can narrow the gap between theory and practice as all experts saw value 
in the framework."

"It provides clear methodological guidance on how to approach RPA implementation 
projects comprehensively and it is of practical value for companies as confirmed by the 
interviews and workshops."
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Abstract-Summary

"To address these issues, we synthesize knowledge from research on software tools for 
business model development and adjacent fields with the results of an analysis of 24 
software tools from practice."

"We provide a comprehensive taxonomy that identifies 43 characteristic functions of 
software-based business model development tools."

"We thus support practitioners’ decision making on tool (re-)design and investment, and 
provide the foundation for a cumulative stream of research on software tools for business 
model development."

Introduction

"Given the collaborative and creative nature of business model innovation, software-based 
business model development tools (BMDTs) are said to have great potential to support 
their users in innovating business models (e.g., Ebel and others 201; Osterwalder and 
Pigneur 202; Veit and others 203)."

"The goal of this study is to respond to these calls by addressing the following research 
question: What are characteristic functions of software tools for business model 
development?"

"Based on contributions from business model research and adjacent domains as well as 
from the insights gained from the classification of existing tools, we derive an agenda for 
future research on the functions of BMDTs."

"For researchers, our theory for analyzing (i.e., the taxonomy) and our research agenda lays 
the foundation for a cumulative stream of research on software tools for business model 



development, and for theories that are more advanced and go beyond our theory for 
analyzing."

Background

"Studies are also relevant if they address software tools for tasks that share similarities 
with the task of business model development (e.g., innovation tasks in contexts other than 
business model innovation), as such studies promise to yield insights that could fruitfully 
augment our knowledge on BMDTs."

"These software tools allow their users to perform actions that are not even possible with 
‘pen & paper’ tools (e.g., collaborative business model development in distributed teams, 
Ebel and others 201)."

"The developmental step of employing software-based tools to facilitate the development 
of such models has already been started in business process research (Kettinger and others 
204; Recker 205)."

"While the domain of the modeling object is different (for process vs. business model, see 
Gordijn and others 206), given the similarities, research on the functions of process 
modeling tools promises to be relevant also for the functions of BMDTs."

Taxonomy building

"The method proposed by Nickerson and others (207) allows to systematically develop a 
taxonomy and is rigorous as it clearly defines the necessary seven steps: First, the purpose 
and the target group of the taxonomy is defined (step 1 “Determine Meta-Characteristic”) 
for directing the development of the characteristics (i.e., properties) and dimensions (i.e., 
groups of properties) of the taxonomy."

"For determining when to stop the iterative buildup of the taxonomy, we adopted the 
ending conditions from Nickerson and others (207), with one exception: Following Gimpel 
and others (208), we did not apply the condition whereby “at least one object is classified 
under every characteristic of every dimension” (Nickerson and others 207, p. 344) – as this 
would have hindered us from retaining functions in the taxonomy that are not yet available 
in BMDTs (but that are potentially useful as suggested by previous research, see 
Background)."

"For developing the taxonomy of any tool with multiple versions, we used the version with 
the largest range of functions."

Taxonomy description



"This dimension distinguishes between elements that describe components of a business 
model by using sticky notes (which can be moved around freely; while tools without this 
function only allow entering information in one free text field for every component), 
element connections to make the connection between elements explicit, and templates 
which, to facilitate the idea generation, suggest predefined elements for a certain 
component (e.g., in the form of lists with elements such as ‘retail stores’ for the component 
‘channels’) or the entire business model (e.g., in the form of business model patterns)."

"For facilitating the handling of a business model, the navigation and filtering dimension 
distinguishes between six supporting functions: Link to business models (or parts of them) 
and framework support describe the embedding and linkage with further business models 
or architectures (e.g., TOGAF), element clipboard stores elements that have not yet been 
assigned to a component of a business model, element filter shows and hides elements, and 
model comparison identifies commonalities and differences between two or more business 
models."

Taxonomy application

"Besides exploring the frequency of single functions, we aim to investigate which functions 
in BMDTs usually occur together, by performing a cluster analysis."

"The results of K-means constitute a three-cluster solution because it can be interpreted 
better than the six-cluster solution and provides more distinctions between the clusters 
identified (i.e., with regard to their functions: BMDTs within a cluster are homogeneous, 
BMDTs of different clusters are heterogeneous)."

"The first cluster (10 out of 24 BMDTs) refers in particular to the collaboration functions of 
BMDTs (i.e., synchronous modeling, user management, role management, and textual 
commenting on element level)."

"The second cluster (13 out of 24 BMDTs) captures five describing functions: asynchronous 
modeling, elements, element connections, repository local, and client only."

Taxonomy evaluation

"Inspired by Nickerson and others (207) proposal to “query users about their potential use 
of [a] taxonomy” (Nickerson and others 207, p. 347), for the purpose of evaluating the 
taxonomy we sought to answer three questions: (1) Do users understand the descriptions 
of the taxonomy’s characteristics (i.e., the descriptions of the functions of BMDTs)?"

"A positive answer would be an indication for the taxonomy’s usefulness because 
understandability is a prerequisite for the correct application of a taxonomy. (2) Can users 



correctly apply the taxonomy to the tools that were used for building the taxonomy (i.e., 
correctly classify BMDTs following the taxonomy by indicating which functions a BMDT has 
and which not)?"

"For (2) evaluating the applicability of the taxonomy to tools used during taxonomy 
building, we asked the participants to classify the functions of the BMDT RealtimeBoard 
according to the taxonomy."

"Our focus on tools that draw on the business model understanding of the Business Model 
Canvas might limit the taxonomy’s capacity of being applied to a wider range of BMDTs."

Research agenda

"As part of the maturation of the new type of software-based tools for business model 
development, the further evaluation and advancement of functions for BMDTs may occur 
alongside standardization."

"The complexity of a business model (e.g., in terms of its ‘sidedness’—multi-sided or not) is 
likely to impact the usefulness of various functions of BMDTs, such as filtering or linking 
business models. (5) Method: Every BMDT can be used in a variety of ways, starting from 
the micro-level processes within a team (e.g., is there a team member that is dedicated to 
moderating/facilitating discussions or not?) to macro-level processes within a firm (e.g., 
does a firm follow specific processes for developing business models, such as the lean 
startup/customer development process, Blank 209; and processes for developing the 
corresponding IS, such as SCRUM, Schwaber and Beedle 210)."

Conclusion

"To address this problem and prepare the ground for further research, our contribution is 
threefold: First, we propose a taxonomy of functions of software tools for business model 
development which consists of 43 characteristics (i.e., functions)."

"To develop the taxonomy, we followed a rigorous taxonomy development method 
(Nickerson and others 207) and identified as well as consolidated knowledge on BMDT 
functions from the business model domain (in research and practice) and from adjacent 
domains such as process modeling."

"In that sense, taxonomies are the necessary foundation for maturing a field (Nickerson 
and others 207), and our taxonomy can fulfill that purpose for research on software tools 
for business model development."

"An insight from the research agenda is that there seem to be a number of gaps between 
what researchers propose to facilitate business model innovation and the functions that 



BMDTs currently provide."
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Abstract-Summary

"This study presents a comprehensive framework for determining the predecessors and 
successors of each activity of a roadmap to manage and govern the IT."

"This paper discusses the result of integrating the COBIT as a well-known IT standard with 
a hybrid group decision-making method, which has not been yet extensively studied to 
prioritize the potential actions of an IT roadmap, in a real-world case in Iran to 
demonstrate the feasibility of the proposed framework."

"The proposed framework can systematically construct the objectives of IT portfolio 
building to support business goals and strategies of a firm, identify the proper attributes, 



and set up a consistent evaluation standard for facilitating a group decision process."

Introduction

"The large number of methods and techniques, which exist in the literature for the 
application of multiple criteria approaches to prioritize current and future efforts of IT and 
form an IT project portfolio [211, 212, 213], further complicates the sorting process."

"A total of 37 IT processes grouped into five clusters according to control objectives for 
information and related technology (COBIT) version 5 [214] have been analyzed using a set 
of 22 criteria, which were extracted from the literature and approved by a group of skilled 
experts according to business objectives."

"The generality of these processes as well as evasion of conditions and constraints of a 
specific organization for their transpositions are other reasons, which motivated us to 
propose a model for prioritizing COBIT processes and test it in a sizable, Iranian utility 
company as the pilot environment."

"The approach combines the use of the analytic network process (ANP) [215] and 
technique for the order of preference by similarity to ideal solution (TOPSIS) [216, 217] 
methods with the information obtained from 12 experts during a group decision-making 
process."

Background of the study

"Our contribution to the project portfolio literature can be summarized as follows:1.This 
paper points out the importance of IT projects prioritization process, especially in the field 
of electricity distribution in a developing country.2.This paper provides useful insights of IT 
roadmap and application of scalable, generalizable hybrid decision support system in a 
dynamic and growing industry in a developing country.3.Utility industries are known to 
face heterogeneous environments, and the proposed approach will cater to this issue.4.The 
prioritization framework is wholly aligned with organizations’ strategies and business 
needs.5.A mapping between the business-driven criteria, COBIT, roadmap, ANP, TOPSIS, 
and presentation of results and insights from the study is articulated.6.We show that the 
proposed methodology can be successfully implemented, such as in the case company, 
within a very short time period.7.A comparison between the results of applying the ANP 
method alone and its combination with the TOPSIS method is performed."

Theory/calculation

"It will be done through generating an evaluation matrix, normalizing it, determining the 
weighted normalized decision matrix, finding out both positive and negative ideal 
solutions, calculating the distance/separation from those ideal separations, and finally, 



calculating the relative closeness coefficient to the ideal solution to determine the rank of 
considered alternatives according to the descending order of the coefficients."

"The evaluation team has to analyze the prioritization problem by identifying decision 
elements; including the stakeholders, a number of alternatives, project objectives, project 
risks, and other concerns; to ensure that the process progresses smoothly from the 
beginning."

"Building the structure of objectives involves organizing them so that the evaluation team 
can trace in particular what a company desires to achieve, and then integrate these 
objectives appropriately into the decision model."

"When forming the structure of fundamental-objectives, the decision-making team must be 
mindful of the limitations of decision elements, as well as the current state and trends of 
their business environments."

Case study results

"After discussing with the team, we gathered the following results:1.Satisfying business 
strategies: to satisfy the electricity industry characteristics and the business goals; assist 
directors in planning and control; enhance operational performance; and increase the 
flexibility, maturity, quality, and security of IT systems to better satisfy different levels of 
users.2.Obtaining new opportunities: to promote the company’s brand and competencies 
on the marketplace and with partners; improve internal collaboration; and restructure the 
organization.3.Decreasing costs: to reduce the installation, operation, and maintenance 
costs.4.Mitigating risks: to efficiently analyze the compliance with regulations as well as 
lack of skilled staff and other resources, and to prevent the incompletion."

"Due to the features of the Delphi process that aims to determine the extent to which 
experts agree about a given issue and with each other and in areas where they disagree, 
achieve a consensus opinion, this approach was used to select which criteria would be used 
by the evaluation teams."

Discussion

"Besides, the rank of the options is sensitive to the changes in the weighting of the costs 
and mostly (88%) decreases from 0.109 (for DSS01 in 0% cost weight) to − 0.202 (for 
‘managing budget and costs’ (APO06) under a 100% cost weight scenario)."

"Concerning the weight of the risks, which is the highest one with a value of 0.333 in 
‘managing human resources’ (APO07), it can be seen that the results are susceptible to its 
changes."



"When the weight of the risks increases, the advantage of process APO06 decreases."

"Since APO07 is a risky action, especially considering its closeness to the critical actions, it 
is to be expected that APO07 is affected negatively by the increase in the weight of the 
risks."

"If the weight of the risks were lower than this, the share of APO06 and APO07 would have 
higher priorities with a significant difference."

Conclusions

"With reference to productivity measures, i.e., time, cost, and results, the respondents 
pointed out that the study considered all types of main IT activities."

"The study had compared all 22 criteria in the case company less than 2 weeks."

"The decision model developed in this paper can be easily adapted to other decision-
making situations by the case company, and possibly by other companies."

"It will require some user training about the principles of the model and calculations, but 
based on the experience of the present study and the feedback from the case company 
representatives, the methodology is easy to use and can provide highly relevant 
information for decision-makers."

"We believe that the culture of different regional offices participated in the study could 
influence the responses, and the case study on more companies would be useful for the 
ability to generalize the results."
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Abstract-Summary

"Digitalisation affects management control (MC)."

"Companies of all industries, locations and sizes have to adapt their MC to digital 
circumstances, starting with the understanding and delimitation of MC tasks, through the 
modified application of MC instruments and the consideration of behavioural aspects of 
MC, to the organisation of the MC function within the company."

"This paper presents a systematic review of the literature according to Tranfield and others 
(Br J Manag 14:207–222, 2003), focusing on the impact of digitalisation on MC."

"Based on the MC framework developed by Guenther (J Manag Control 23:269–290, 2013), 
the identified studies are categorised into the following research dimensions: tasks, 
instruments, organisation and behavioural aspects."

"Multiple studies highlight the continuous development of the MC function under the 
impact of digitalisation, including the extension of MC tasks, the adaptation of existing MC 



instruments and creation of new MC instruments, positive and negative behavioural 
aspects of digitalisation on MC and the establishment of new MC organisation models."

Introduction

"The task of describing the impact of digitalisation on different fields of MC (e.g. design of 
the MC function, MC roles, organisation of MC) received increasing attention in MC 
research (Nielsen, 218)."

"Other researchers have specifically asked for more studies on the relationship between 
digitalisation and MC (Arnaboldi and others, 219; Knudsen, 220; Payne, 221)."

"Research question 1: How does digitalisation influence MC?"

"The systematic literature review is presented in order to unravel how digitalisation 
influences MC."

"The use of a framework that condenses several established MC frameworks enables a 
collection, analysis and comparison of the literature on digitalisation of MC."

"This paper summarises the impact of digitalisation on MC and compares recent scientific 
research."

"Based on the findings of this literature review, the second research question involves 
potential avenues for future research on digitalisation on MC."

"Research question 2: What are potential avenues for future research on the digitalisation 
of MC?"

Theoretical background

"Anglo-American frameworks were driven by the use of existing accounting systems within 
the organisation, “whereas in German-speaking areas, MC was dominated by the 
development of adequate tools and instruments for information and decision support” 
(Guenther, 222, p. 286)."

"The Anglo-American MC frameworks focused more on different types of adoption and use 
of the MC instruments by management (Guenther, 222)."

"Due to the changes of the MC organisation towards a company-wide integrated function, 
the impact of digitalisation on the MC organisation is transferred into the framework for 



this literature review."

"Using this framework enables readers to perceive and understand the impact of 
digitalisation on MC and help scholars to understand the different traditions and practises 
of MC (Guenther, 222, p. 271)."

"Adaptations on the framework have been made to describe and analyse the impact of 
digitalisation on the MC function within this literature review."

Methodology

"Journals in this list cover different perspectives and approaches to MC research and an 
essential cornerstone of the literature review."

"The journal selection for this systematic literature review is based on the Jourqual 3 list 
provided by the German Academic Association of Business Research (VHB) and the 
Academic Journal Guide (AJG)."

"The articles analysed in this review were acquired by systematically searching the 166 
journals by using following search string: To cover a wide range of literature, various 
terminologies for MC as well as different terminologies and notations for ‘digitalisation’ 
have been incorporated into the search string using the Boolean operator AND as well as 
the asterisk ‘*’ to truncate the search terms."

"The literature search was intended to provide a broad overview of relevant articles across 
different levels of peer-reviewed journals."

"The reversed search led to an identification of additional 15 articles, resulting in a final 
sample of 116 peer-reviewed journal articles."

Results

"The analysis of several studies resulted in following list of tasks that are assigned to MC (in 
alphabetical order): budgeting; business performance evaluation; coordination of 
functional activities; cost/financial control; data management; implementation of business 
strategy; information of management/stakeholder; interpretation of operational 
information; investment control; management of IT systems; operational planning and 
decision-making; productivity improvement; profit improvement; project control; 
reporting; risk control; strategic planning and forecasting; working capital and short-term 
finance management (Bhimani & Willcocks, 223; Guenther, 222; Malmi, 224; Oesterreich 
and others, 225; Yazdifar & Tsamenyi, 226)."

"The ability to analyse data and information in a limited time span and to elaborate 



measures to improve the performance of a function or the overall company is required for 
management accountants who are involved in management decision processes as business 
partners (Oesterreich & Teuteberg, 227)."

"Explanation of the term ‘MC instrument’ To perform MC tasks that were analysed in the 
previous sub-chapter, management accountants use a set of MC instruments (Guenther, 
222)."

Discussion

"Additional research could analyse the impact of digitalisation based on a separate 
framework that focuses on other aspects of MC and compare the results with the findings of 
this study."

"The impact of digitalisation on MC tasks, MC instruments, MC organisation or behavioural 
aspects of MC control has not been examined based on internal characteristics, such as the 
size, the industry or the location of a company."

"This literature review consolidates more than 20 years of scientific research about the 
influence of digitalisation on MC."

"The insights into different types of research (e.g., theoretical discussion, empirical studies, 
analytical research) can help corporate managers or entrepreneurs to identify benefits of 
digitalisation while simultaneously be aware of risk factors of MC digitalisation."

"This literature review can be used to identify the influence of digitalisation on a MC’s 
future target operating model."

Conclusion

"The analysis was performed for two time periods (2001–2009 and 2011–2022) using an 
adapted framework based on Guenther (222) that divides the MC function into MC tasks, 
MC instruments, MC organisation and behavioural aspects of MC."

"Digitalisation has an impact on the performance of MC tasks such as reporting or 
budgeting."

"The increased efficiency using new technologies influences the provision and use of MC 
tools."

"MC instruments such as activity-based costing or scenario modelling are digitalised and 
adapted to the new requirements derived from the digitalisation of MC tasks."



"Beside the changes in MC tasks, MC instruments and MC organisation, digitalisation also 
impacts the behavioural aspects of MC."

"Digitalisation has an impact on MC and changes the design and organisation of the 
function."

"More empirical research is required to understand the impact of digitalisation on MC."
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Abstract-Summary

"With a strong demand for online education and project management in deeper scope and 
larger scale to better fit COVID-19 pandemic situation, exploring new knowledge of online 
education to make it more effective became vital with the new challenges of STEM 
education."

"To resolve the above problem, this paper focuses on various aspects of online STEM 
education project management where the Enhanced Noyce Explorers, Scholars, Teachers 
(E-NEST) three-tiered structure was implemented during the COVID-19 period."

"Built upon the theories of engagement, capacity and continuity (ECC) and team-based 
learning (TBL), this remote learning model and infrastructure had a positive impact on 
STEM education and project management."

"This indicated that the E-NEST model greatly supported student success and faculty in 
online learning and project management meetings."

"The E-NEST STEM education project was compared to two other project management 
models along with the previous NEST curriculum."

"The comparisons attest that the E-NEST project developed excellent and innovative online 
platforms for student learning with project management and ECC and TBL applications."

"This research can be used to constructively develop more online STEM education learning 
models and platforms and integrate new practice and technology globally."

Introduction

"How will we constructively develop project management and STEM education learning in 
educational computer systems throughout the duration of the pandemic period?"

"We present an online STEM education project management strategy using the Enhanced 
Noyce Explorers, Scholars, Teachers (E-NEST) three-tiered structure (Shen and others, 3) 
during the pandemic period."



"The results from all of the above qualitative data demonstrated that the STEM education 
remote learning and project management model was beneficial in teaching and learning for 
students and faculty."

"The project evaluation and survey data indicated that the E-NEST three-tiered structure 
supported student and faculty success by using modified project management and distance 
learning approaches in STEM education."

"This study investigates the students’ observations of the impact of the three-tiered 
infrastructure of project management and E-NEST programs using the enhanced theories 
of team-based learning and engagement, capacity and continuity in online learning."

Methods

"Noyce explorers and scholars participated in 2021 summer workshops with team-based 
learning (TBL) activities where the following research tools were utilized by the program 
evaluator: remote focus group interviews, one-to-one student interviews and anonymous 
surveys to collectively assess E-NEST remote learning."

"The external evaluation was guided by five broad questions, each of which cuts across 
both the three tiers (Explorer, Scholar and Teacher) and foundations of project delivery 
(capacity, engagement and continuity and team-based learning): (1) To what extent, and 
with what quality, does the project team implement the strategies and develop outputs 
proposed for the project? (2) To what extent are diverse STEM students recruited to the 
teacher education program? (3) How effectively are those students prepared to be STEM 
teachers, considering student teaching, degree completion and teacher certification? (4) To 
what extent are students retained through educator preparation and induction processes? 
(5) To what extent do program graduates demonstrate effectiveness in terms of both 
teaching practices and impact on K-12 student learning?"

Results and Discussion

"The project evaluation and data validates that the remote three-tiered infrastructure of 
project management and E-NEST program using the enhanced theories of team-based 
learning and engagement, capacity and continuity have effectively supported students and 
their academic achievement."

"The E-NEST project management team successfully adapted to remote learning content 
wholly online."

"Students successfully motivated students in STEM education using culturally responsive 
teaching and modified engagement, capacity and continuity and team-based learning 



applications of theories remotely."

"The overall findings from project evaluation and online survey and focus group interview 
data significantly demonstrated that Noyce explorers and scholars highly approved of the 
E-NEST remote learning platforms and project management."

"The data confirms that project faculty developed effective online platforms for student 
learning."

"The E-NEST’s project management allowed students to constructively learn in remote 
environments with best practices of classroom and time management consistent with 
PMBOK and PCM guidelines (Crisan, Muresan & Ilies, 2)."

Conclusions

"The E-NEST project applied teaching and project management strategies remotely based 
on the modifications of the theories of team-based learning (Ruder, Maier & Simkins, 4) 
and engagement, capacity and continuity (Artis & Washington, 5)."

"The E-NEST STEM education project management model was also compared to (Delisle, 
Jugdev & Thomas, 1) and (Crisan, Muresan & Ilies, 2) along with the NEST curriculum (Shen 
and others, 3)."

"The implications of this study’s findings from qualitative data illustrate that a successful 
remote learning and project management model was developed to teach STEM education."

"This new E-NEST remote learning infrastructure can be useful as a role model for many 
other online educational platforms and contribute to research in STEM education in higher 
education institutions internationally."

A hybrid decision support system with golden cut and bipolar q-ROFSs for evaluating the risk-
based strategic priorities of fintech lending for clean energy projects [162]

This is a machine-generated summary of:

Wan, Qilong; Miao, Xiaodong; Wang, Chenguang; Dinçer, Hasan; Yüksel, Serhat: A hybrid 
decision support system with golden cut and bipolar q-ROFSs for evaluating the risk-based 



strategic priorities of fintech lending for clean energy projects [162]

Published in: Financial Innovation (2023)

Link to original: https://doi.org/10.1186/s40854-022-00406-w

Copyright of the summarized publication:

The Author(s) 2023

License: OpenAccess CC BY 4.0

This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/ .

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.

Abstract-Summary

"The risk evaluation and the investment decision are among the most prominent issues of 
efficient project management."

"It is important to uncover the risk factors of fintech investments and investigate the 
possible impacts with an integrated approach to the strategic priorities of fintech lending."

"This study aims to analyze a unique risk set and the strategic priorities of fintech lending 
for clean energy projects."

"The most important contributions to the literature can be listed as to construct an impact-
direction map of risk-based strategic priorities for fintech lending in clean energy projects 
and to measure the possible influences by using a hybrid decision making system with 



golden cut and bipolar q-rung orthopair fuzzy sets."

"The extension of multi stepwise weight assessment ratio analysis (M-SWARA) is applied 
for weighting the risk factors of fintech lending."

"The extension of elimination and choice translating reality (ELECTRE) is employed for 
constructing and ranking the risk-based strategic priorities for clean energy projects."

"The findings demonstrate that security is the most critical risk factor for fintech lending 
system."

"Volume is found as the most critical risk-based strategy for fintech lending."

"Fintech companies need to take some precautions to effectively manage the security risk."

"It has been determined that the most appropriate strategy to increase the success of the 
fintech lending system is to increase the number of financiers integrated into the system."

Introduction

"This study aims to evaluate significant risks and identify the strategic priorities of fintech 
lending for clean energy projects."

"This study develops a model to analyze a unique risk set and the strategic priorities of 
fintech lending for clean energy projects."

"This study’s most important contributions to the literature are to construct an impact-
direction map of risk-based strategic priorities for fintech lending in clean energy projects 
and to measure the possible influences using a hybrid decision-making system with golden 
cut and bipolar q-ROFSs."

"Complex and crucial is the issue of evaluating the risk-based strategic priorities of fintech 
lending for clean energy projects."

"Numerous complexities are involved in evaluating the risk-based strategic priorities of 
fintech lending for clean energy projects."

"The effectiveness of the fintech lending system for clean energy projects is reliant on the 
identification of more crucial risks."

Literature for risks in fintech lending



"This section contains a literature review on the risks associated with fintech lending 
systems."

"Information systems security risk is an important type of risk that has an impact on the 
effectiveness of the fintech lending process."

"The fintech platform conducts all operations via the internet, which increases the 
platform’s information security risks (Hwang and others 6)."

"Technology risk is another important type of risk for the efficient development of fintech 
lending processes."

"Financial risk is another type of risk that must be considered to improve the performance 
of the fintech lending system."

"Regulation risk should also be considered for a fintech lending system to be effective."

"The results of the literature review indicate that the fintech lending system is subject to a 
variety of risks."

"Only a few studies in the literature have focused on the analysis with respect to the risks 
in the fintech lending system."

Methodology

"Bipolar q-ROFSs, SWARA and ELECTRE are detailed in this part."

"Zhang (7) generated bipolar fuzzy sets to better reflect uncertainties."

"Keršuliene and others (8) developed SWARA to compute the weights of the factors."

"Score functions and bipolar fuzzy sets are created."

Analysis

"The purpose of this study is to analyze a distinct risk set and the strategic priorities of 
fintech lending for clean energy projects."

"In order to analyze a unique risk set and the strategic priorities of fintech lending for clean 
energy projects, a model is developed in this study."



"The investor risks associated with fintech lending for clean energy projects are 
quantified."

"The risk-based strategic priorities of fintech lending for clean energy projects are ranked."

"Stage 1 Weighting the investors’ risks for the fintech lending in clean energy projects."

"Step 1 Determine the investor risks for the fintech lending."

"Stage 2 Ranking the risk-based strategic priorities of fintech lending for clean energy 
projects."

"Of the proposed model, the risk-based strategic priorities of fintech lending for clean 
energy projects are ranked based on their strategic importance."

Discussions

"Investors primarily take measures to mitigate the risk of unauthorized access to the IT 
systems of the fintech platform."

"Unavoidable IT risks will negatively impact the financing and functionality of fintech 
companies."

"Fintech companies will be accountable for any security issues that arise on this platform."

"Fintech companies must take certain precautions to manage the security risk effectively."

"Iqbal and others (9), Ryu (10), and Jagtiani and John (11) concurred that fintech firms 
should take the necessary steps to effectively manage security risks."

"With the assistance of this issue, the risk management process can be conducted more 
efficiently, which positively impacts the companies' profitability."

"Katsiampa and others stated that the effectiveness of the fintech lending system should 
primarily take financial performance risks into account."

"The fintech lending company must enter contracts with additional financiers."

Conclusions

"This study evaluates significant risks and identifies the strategic priorities of fintech 



lending for clean energy projects."

"It developed a model to analyze a distinct set of risks and the strategic priorities of fintech 
lending for clean energy projects."

"M-SWARA methodology is used to analyze the risk factors of fintech lending."

"Findings reveal that three additional risk factors affect security."

"Security is identified as the greatest risk factor for fintech lending systems, followed by 
financial."

"Volume is found as the most critical risk-based strategy for fintech lending."

"Constructing an impact-direction map of risk-based strategic priorities for fintech lending 
in clean energy projects and measuring the possible influences using a hybrid decision-
making system with golden cut and bipolar q-ROFS are the most significant contributions 
to the literature."

"All risks associated with the fintech platform are included in the scope of the review."
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Abstract-Summary

"The results showed that the presage variables of academic motivation and course design 
positively affect the process variables of blended learning experience and learning 
engagement, respectively."

"The presage variable of academic motivation and the process variable of learning 
engagement positively affect the product variable of transferable skill development, 
respectively."

"In blended-project-based learning, it is necessary to enhance students' sense of experience 
and engagement by improving their academic motivation and optimizing course design, 
thereby promoting the development of students' transferable skills."

Introduction

"Researchers explore different new teaching models to promote the development of 
students' 21st century skills."

"Research has shown that project-based or problem-based inquiry teaching is well 
consistent with the development of the 21st century skills (Odell & Kennedy, 12)."

"Through quasi-experimental research on traditional and blended learning classes, it is 
found that students in blended learning classes have significantly improved their 21st 



century skills development (Hadiyanto and others, 13)."

"The integration of project-based learning and blended learning provides a unique 
intersection for developing 21st century skills in the classroom (Alamri, 14)."

"What factors in blended-project-based learning (BPBL) activities will affect students' 
acquisition of transferable skills?"

"Based on the 3P model and combined with the BPBL environment, this study constructs a 
new 3P model to explore the relationship between students' personal factors, perceived 
teaching quality, learning experience and learning engagement factors and the 
development of students' transferable skills from the perspective of students."

Theoretical Framework and Hypothesis

"Speaking, students with positive academic motivation will have a better impression of the 
course and experience the course learning activities more actively (Lepper and others, 
15)."

"H1: Academic motivation positively affects students' blended learning experience."

"Course design is one of the important factors that affect students' blended learning 
experience (Kaushal and others, 16)."

"H3: Course design positively affects students' blended learning experience."

"Learning experience and student engagement are regarded as learning process variables 
and are affected by academic motivation and course design."

"Academic motivation is one of the student factors that affect students' learning outcomes 
as a presage variable (Barattucci and others, 17)."

"Research has shown that course design can affect students' learning outcomes (Wang, 
18)."

"H7: Blended learning experience positively affects students' transferable skill 
development."

"H8: Learning engagement positively affects students' transferable skills development."

Methods



"The teaching method of the course mainly adopts blended-project-based learning."

"The online learning platform used in the course is the Fanya online teaching platform 
developed by China Chaoxing Corporation."

"With the help of this online teaching platform, teachers can build courses and publish 
courseware, learning videos, test questions, discussion topics, and project activities 
according to the teaching progress."

"Students use the online learning platform to preliminarily learn the relevant theoretical 
knowledge of this course and answer relevant test questions."

"For practical content, the teacher publishes project topics and project requirements on the 
Fanya online learning platform, allowing students to plan, manage, and implement projects 
according to project requirements."

"The course design scale has been adjusted based on the course design and online learning 
platform functions of this study, such as adding the sentence “In teaching based on the 
Fanya platform”."

Empirical Results

"Cronbach’s alpha assumes that all items are equally reliable; therefore, it tends to severely 
underestimate the internal consistency reliability of latent variables in PLS structural 
equation models (Urbach & Ahlemann, 19)."

"An AVE value of at least 0.500 indicates that a latent variable is on average able to explain 
more than half of the variance of its items and, thus, demonstrates sufficient convergent 
validity."

"The Structural model was assessed from endogenous variables’ explanatory power (i.e., 
R2), the PLS goodness-of-fit proposal by Tenehaus and others (2005), and the estimates for 
path coefficients."

"The value of global goodness-of-fit is the geometric mean of the average AVEs and the 
average R2 of endogenous latent variables, whereas higher value represents better path 
model estimations."

"The algebraic sign, magnitude, and significance of the path coefficients between the 
model’s latent variables were assessed."



Discussion

"From the path analysis, students' academic motivation and course design have a 
significant direct impact on their blended learning experience."

"From the path analysis, students' academic motivation and course design have a 
significant direct impact on their learning engagement."

"Our results show that learning engagement as a process variable in the 3P model can be 
improved, and students' own academic motivation and different course design can have an 
impact."

"Educators can improve students' learning engagement by enhancing their academic 
motivation and improving course design."

"Of our research, it is found that students' own academic motivation and engagement in 
learning are key influencing factors for the development of their own transferable skills."

"The blended-project-based learning course design in this study cannot directly affect the 
development of students' transferable skills, but it will affect the degree of students' 
engagement in this course."

Conclusion and limitation

"Our research builds a new 3P model in BPBL environment based on existing 3P models, 
with academic motivation and course design as presage variables, blended learning 
experience and learning engagement as process variables, and transferable skill 
development as product variables."

"Decades of researches have integrated and proven that new learning models, such as 
project-based learning and blended learning, can promote the development of students' 
21st century core competencies or transferable skills, but efforts to study the process and 
understand intermediate factors are limited."

"Our research explores the impact of BPBL on the development of students' transferable 
skills from the perspectives of students' own factors, course design, and student learning 
processes (learning experience and learning engagement), and identifies the intermediate 
factors."

"The results show that students' own academic motivation and learning engagement can 
improve the development of students' transferable skills; The students' academic 
motivation and course design quality affect their blended learning experience and learning 



engagement."
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Abstract-Summary

"In the globalization era, many manufacturing companies face great uncertainties, as most 
components in new product development (NPD) are outsourced to external and internal 
suppliers worldwide."



"Some key components must be reserved in advance to control risks considering the 
suppliers’ production plans and uncertain lead time."

"We propose a key components reservation model for NPD concerning component 
commonality and substitution."

"Based on a demand unsatisfied index (DUI), we establish a two-stage distributionally 
robust optimization (DRO) model, which is reformulated to a linear programming (LP) 
model by duality analysis and solved by a proposed column and constraints generation 
(CCG) algorithm."

"The proposed DRO model with DUI has a lower probability and magnitude for demand 
shortage."

"The scenario-wise ambiguity set also outperforms the single-scenario and deterministic 
models, especially when product demand varies inconsistently in different scenarios."

Introduction

"Product shortage risk can be reduced by aggregating demand across the product family via 
common or substitutable components, and the managers can achieve demand pooling and 
improve fulfillment rates."

"Component commonality or substitution among multi-products is critical to hedge against 
demand uncertainties in NPD."

"Mirchandani and Mishra (20) considered a two-stage assemble-to-order system with two 
products having uniformly distributed demand, one common component, and product-
specific components."

"This paper considers a key components reservation problem with a worst-case fulfillment 
risk index while commonality and substitution are considered among multi-new products."

"Freeman and others (21) only considered downward component substitution with 
deterministic demand or known distribution; we are concerned with both component 
commonality and substitution for products with uncertain demand and unknown 
distribution."

"The contributions of this paper are as follows: A two-stage distributionally robust 
optimization (DRO) model is proposed to formulate the key components reservation 
problem with commonality and substitution when managing multiple NPD projects."



Model analysis

"There are I components that need to be reserved in advance to make sure there are 
enough spot products to meet demand after launching."

"For a MacBook, we consider the screen and chip as key components."

"The decision-maker asks the manufacturer to produce the products with reserved key 
components (the second stage)."

"For NPD projects, key components are reserved in the design stage, and demand realizes 
after launching."

"Approximation, we now define the demand unsatisfied index(DUI) to evaluate the demand 
shortage risk in multiple products."

"After launching, the demand realizes for multiple products."

"A production decision is made according to the realized demand information."

"The second stage decision is to minimize the maximum demand shortage level."

"In our paper, we choose the min-max objective, which aims to control the worst-case 
demand shortage risk in practice."

Reformulation of the DRO model

"We introduce how to reformulate the constraints to solvable forms by duality theory."

"We only consider the left hand of this constraint."

"By variable substitution, we can transform problem (DRO-Dual-1) into an equivalent lifted 
adaptive optimization problem on a higher dimensional probability space and show that it 
can be formulated as problem (DRO-Dual-2)."

"By lifting the ambiguity set in problem (DRO-Dual-1), it can be formulated as 
follows:where, It is easy to verify the equivalence of the two models."

Column and constraint generation algorithm

"We consider starting with a relaxed problem and adding an active extreme point by 



solving the subproblem iteratively, based on which, column and constraint generation 
(CCG) algorithm was proposed by Zeng and Zhao (22) to solve the two-stage DRO 
problem."

"The master problem is to derive the optimal solution in the first stage."

"Taking the optimal solution in the first stage as inputs, CCG algorithm finds the worst-case 
extreme point in the sub-problem and returns to the master problem to add binding 
constraints."

"By solving the master problem and sub-problem alternatively, optimality can be achieved, 
and CCG algorithm can converge in finite steps due to the finite of extreme points."

"The experimental study we have done shows that to solve problem (SP-bilinear) is much 
more efficient than that of problem (SP-MILP)."

"We take problem (SP-bilinear) as the sub-problem in CCG algorithm."

Computational study

"We present experimental results of the DRO model for key components reservation 
problems with unknown demand distribution information, and compare it with the 
deterministic model, expectation minimization model and the single scenario model."

"The excess components are wasted, and the demand uncertainties for different products 
have no effects on each other in the DM model."

"Making a decision with the mean demand value is enough and two-stage DRO model can 
not reduce the demand shortage risk without commonality and substitution."

"Considering that the mean value of demand in different scenarios is proportional to the 
neutral situation, the optimal solution derived from the EXP/NS model can still outperform 
the results from the DM model."

"Because the DRO model can capture the inconsistency of demand variance by scenario-
wise ambiguity set, when taking uncertainties into account, reservation/production 
decisions can be more flexible."

Conclusion

"Integrating key components reservation of multi-products can greatly reduce the demand 



shortage risk."

"We investigate the effect of the commonality and substitution level and find that moderate 
commonality and substitution is enough to hedge against demand shortage risk, which is in 
line with commercial practice that balances the cost saving and product differentiation."

"Future research may include but is not limited to: (1) demand correlation between 
different products: although we apply scenario-wise ambiguity set to characterize demand 
uncertainties in this paper, we don’t consider the direct correlations."

"Some factor-based models may help us to characterize demand correlation. (2) data-
driven optimization with wasserstein distance: if we have some historical data, then we can 
construct ambiguity set by data-driven approaches. (3) emergency procurement: we only 
consider a key components reservation problem in this paper to examine the effects of 
commonality and substitution for multi-NPD projects."
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Abstract-Summary

"This work aims to explore the effectiveness of the fuzzy analytic hierarchy process (FAHP) 
in project engineering risk management and comprehensively investigate the application 
of genetic algorithm (GA) and neuro-fuzzy system in this field."

"Experimental research methods are employed, and three different types of projects, 
namely construction engineering, information technology projects, and manufacturing 
projects, are selected for risk evaluation."

"In the research process, an evaluation index system is established by identifying and 
analyzing the risk factors of each project, and a FAHP model is constructed."

"To more accurately assess the mutual influences and weights of the factors, fuzzy 
mathematics, and fuzzy logic methods are applied to fuzzify the parameters during the risk 
factor stratification and model construction stages."

"The use of FAHP can improve the accuracy of risk management control."

"This work provides a new and effective approach for project engineering risk evaluation, 
which can assist project managers in more accurately evaluating and managing risks, 
thereby enhancing the efficiency and quality of project management."

Introduction

"Traditional risk management methods face multiple challenges, such as the inability of a 
simple analytic hierarchy process (AHP) to handle the interdependencies, uncertainties, 
and fuzziness among numerous decision factors."

"To resolve the challenges of traditional risk management methods, such as the limitations 
of a simple analytic hierarchy process (AHP), adopting an integrated approach with 
advanced techniques like fuzzy logic, genetic algorithms, and data-driven decision support 
systems can enhance risk assessment accuracy and mitigate uncertainties effectively."



"This work aims to explore a new comprehensive assessment method based on FAHP, GA, 
and neuro-fuzzy systems to further improve the efficiency and accuracy of engineering 
project risk management."

"The use of hierarchical models and intelligent analysis tools based on data enables more 
accurate evaluation and management of different risk factors by taking into account 
interdependencies, uncertainties, and historical data, leading to tailored risk assessments 
that address the unique characteristics and complexities of each project, resulting in more 
effective risk mitigation strategies and improved project outcomes."

Recent relevant studies

"Yu and others (2018) [23] employed intuitive FAHP to assess and rank risk factors in 
multinational public–private partnership projects."

"Koulinas and others (2019) [24] used FAHP and quantitative techniques to assess risks in 
Greek construction sites and proposed a risk assessment model based on a fuzzy 
comprehensive evaluation method."

"They determined the project’s risk level by ranking different risk factors and calculating 
the weight proportions."

"The application of FAHP in engineering project risk management has shown significant 
effectiveness, enabling project teams and decision-makers to thoroughly assess the 
importance of various risk factors and develop more comprehensive, scientific, and 
effective risk management strategies."

"This work has reviewed the research achievements of different authors using FAHP for 
risk assessment and management in different fields and analyzes the weights and 
importance of different factors."

Research on the project risk management system based on fuzzy logic evaluation 
and decision support

"By identifying and classifying project risk factors, the project management team can better 
assess the likelihood and impact degree of these risks, enabling them to develop 
appropriate risk response strategies and measures, thus reducing the impact of project 
risks on project objectives [25, 26]."

"In engineering management, the analysis of identification and classification of project risk 
factors is applied by assessing potential risks related to technical aspects, resources, 
stakeholders, and external influences."



"The project management team needs to screen the identified risk factors to determine the 
ones with high impact and likelihood, following a standardized approach to avoid 
duplicative calculations of similar factors while ensuring the comprehensiveness and 
accuracy of the indexes."

"The purpose of analyzing the role of risk factor assessment in project engineering risk 
management is to identify, evaluate, and address potential risks to improve project success 
and mitigate negative impacts on cost, schedule, and quality."

Results and discussion

"This section aims to compare the performance of different project engineering 
management algorithms in engineering risk management and analyze them from three 
aspects: prediction accuracy, reliability, and data transmission sensitivity."

"This indicates that the GA-FAHP algorithm improves accuracy for engineering risk 
prediction compared to the GA."

"Both the GA and GA-FAHP algorithms exhibit an upward trend in decision-making benefit 
scores, indicating a positive impact on project management decisions within a certain 
range of iteration counts."

"The changing trend highlights the significant impact of choosing different project 
management algorithms on actual return rates, with the GA-FAHP algorithm demonstrating 
a clear advantage in terms of actual return rates."

"The GA-FAHP algorithm generally outperforms GA in terms of risk loss, indicating its 
superior performance in practical project engineering risk management."

"Compared to the traditional GA, the GA-FAHP algorithm is more suitable for project 
engineering risk management."

Conclusion

"As the number of engineering projects increases and their management issues become 
more complex, traditional risk assessment methods struggle to meet practical demands."

"This work aims to explore the application effectiveness of FAHP in project engineering 
risk management and further investigate the application of GA and neuro-fuzzy systems in 
this field."

"This provides a new effective method for project engineering risk assessment, enabling 



project managers to evaluate and manage risks more accurately, thereby enhancing project 
management efficiency and quality."

"Research, it is essential to incorporate optimization methods such as fuzzy neural 
networks and Bayesian networks to further improve project engineering risk 
management’s accuracy, efficiency, and reliability."

Impact of effective construction planning in project performance improvement [166]
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Abstract-Summary

"Project performance of the construction sector can be significantly improved by proper 
project planning and scheduling."

"A divergence opinion is included in this area which implies the amount of effort that is 
required or should be invested in construction planning and scheduling activity to make 
the project management effective."



"A lot of work has been already reported in the literature which clearly shows that the 
project performance can be enhanced by raising the efforts invested in project planning, 
scheduling, and controlling activities."

"The organizational characteristics of the construction firms and the project environment 
have a great influence on planning and scheduling efforts."

"When it comes to the economic development of the country and a large labour force are 
engaged in this sector, definitely a high work effort we can consider from appropriate 
project planning activity."

"To keep in mind the importance of project management in the construction sector, our 
study is focusing on the relationship between construction planning efforts and their 
effectiveness in the field of project performance."

"Software used for Construction Project Management (CPM) is also discussed."

Introduction

"In the area of management and execution of construction projects, construction planning 
is a fundamental and challenging activity (Hinze 27; Neale and Neale 28)."

"A good construction plan develops the budget and schedules the work (Peurifoy and 
others 29; Petroutsatou and others 30)."

"In the area of construction management, the development of a construction plan is one of 
the critical tasks."

"The construction project plan acts as a map that guides the team to complete the steps of a 
project."

"The process of creating a construction plan is very large."

"The construction project managers create a proper plan for the project."

"The construction industry contributes a large share to the economic growth of the nation."

"The main motivation of this study is to highlight the construction project planning and its 
effectiveness in the area of construction project performance when the industry is showing 
a significant growth in India."



Literature review

"The construction project planning is the integration for on-site safety induction."

"Under the area of project planning and management, construction project complexity is 
one of the key components."

"The impact of integration management on project performance is evaluated in the 
construction industry and generates its significance."

"It has been said that construction project performance is based on different dimensions of 
project management."

"This study identified the influence of different components under integration management 
on the performance of construction projects and also established the relationship between 
those components with integration management (Demirkesen and Ozorhon 31)."

"Poor planning of road construction with Work Breakdown Structure (WBS) can affect the 
quality of the project."

"For large-size construction projects, a dynamic facility of the planning model should be 
incorporated."

"Project performance has also a relation with the risk management of project planning 
(Butt and others 32)."

Construction project planning and types of planning

"It is established that under-construction project management, project planning is the 
process of increasing project efficiency by generating the master plan."

"The construction and project managers with help of key team members prepare the 
master plan of the project."

"They are focusing on some of the domains of construction before making the operational 
plan for the project."

"The operational plan is associated with the strategic plan, it helps to meet the target action 
of the strategic plan in a project."

"Under operational planning, the team is meeting the project objectives by the availability 



of sufficient construction resources and services."

"The team is establishing of project concept and design that helps to start the construction, 
checking the validity of the plan, using of fast-track scheduling approach that would be 
more economical, and so on."

"To meet the strategic goals operational plans are delivered by construction teams."

Steps to create a construction project plan

"Most of the time it has been seen that the shareholders are not understood the project 
plans to their full extent."

"Few topics are discussed in this kick-off meeting, such as ground rules, team 
commitments, roles and responsibilities of the team, how to make decisions on the project 
plan, and many more."

"WBS works as an effective cornerstone of the project planning, execution, controlling, 
monitoring, and reporting."

"Team members utilize this schedule plan for formulating the projects."

"Project schedules (Yuliana and others 33) allow the team members to break the whole 
plan into smaller ones."

"In an organized way, the construction project planning and scheduling help the team to 
keep them on track and work effectively."

"CPM always helps to focus attention on those jobs that are critical to the project time."

"CPM assumes that all resources are available for the project at all times (an optimal 
planning tool)."

Significance of project planning under project management

"Planning recognizes different risks associated with the project and reduces those risks."

"Proper planning ensures the team members that the risk can be mitigated and the smaller 
tasks help to achieve the larger goals of the project."

"Under the project management planning is the second phase."



"There are few benefits of project planning and the reasons for making a solid project plan 
is necessary for project management are explained here, (i) plan helps to minimize the 
stress of the project team, (ii) plan provides confidence among team members, (iii) plan 
makes the team in unity, (iv) plan generates accountability, (v) it can prevent team 
overloads, (vi) it reduces the risk factors of the project, (vii) plan enhances the level of 
profitability, (viii) it creates effective communication and (ix) plan helps to meet deadlines 
in the project work."

Construction project management software

"Construction Project Management Software helps to specify project objectives, planning, 
budget, scheduling, performance requirements set, and project participants’ selection."

"GanttPRO is an online project planning tool having Grantt charts features, team 
management features, and resource management features."

"GanttPRO helps to set roles, assign team members tasks, track the progress of the project, 
etc BIM 360 (online project management system) can track construction, acquire real-time 
data, manage field data, etc Acculynx ensures team connectivity and working in 
synchronization mode."

Discussion

"Construction management uses some specialized project management techniques to 
create the planning, design, and scheduling of a project from its start to end (Allahar 34)."

"Project planning now a day’s using different modern management techniques and can 
achieve predetermined objectives of scope that lead to qualitative satisfaction."

"Project planning is the most effective coordinator to project success (Zhang and others 35; 
Jünge and others 36)."

"Project planning makes the objectives achieved by satisfying the clients in the market."

Conclusion

"A systematic project planning under the construction industry helps to make detailed 
activities that need to be accomplished."

"Projects progress in steps is very incremental stages."



"A rapid and interactive project management system is also widely used in different phases 
of project planning under the construction sector."

"We can assume that if the project planning stage is done in the best way it will create high 
impacts on project completion."

"Effective and appropriate construction project planning brings organizational success."

The role of project management in the success of green building projects: Egypt as a case 
study [167]
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Abstract-Summary

"Sustainability and project management are two trends that have taken global interest in 
the last decades due to their significant role in various fields of life."

"Some of these obstacles have been addressed in recent studies with suggested solutions, 
but the role of project management in overcoming or even mitigating the risk of these 
obstacles was almost absent in most of these studies."

"This paper attempts to observe the most important obstacles facing the application of 
sustainability in the construction field and taking the green construction situation in Egypt 
as a case study."

"This paper aims to investigate the role of project management in green building projects’ 
success, through project management best practices’ applications to overcome the main 
reasons that obstruct the green building projects movement."

"The results showed that there is a lack of management methods that address sustainable 
construction projects."

"Some defined obstructions could be overcome by project management’s best practices and 
methods."

Introduction

"Green building applications at the project level were considered."

"The lack of green buildings in developing countries and the gap between the percentage of 
the registered projects and the certified projects from green building rating systems in 
countries like Egypt indicates that there are some obstacles facing this kind of project in all 
project phases."

"This paper aims to investigate the obstacles that face green building applications in 
developing countries due to the size of the challenges that face these projects there and 



takes Egypt as a case study."

"The study observed challenges facing project managers or green building administrators 
in this project through a questionnaire and online interviews with them."

"The study attempted to find solutions through project management best practices to 
overcome the main reasons that impede the green building movement in developing 
countries like Egypt."

Literature review

"A few studies realized the role of project management in sustainability and green 
building’s success; however, the existing studies are still insufficient [37]."

"It is noticed that most previous studies care about studying sustainable management and 
environmental management, but few of them address project management and its great 
role in sustainable and green architecture."

"Green buildings must be viewed as a comprehensive solution that integrates sustainable 
principles throughout the project life cycle, from project planning to design, construction, 
and operation, rather than simply as a collection of green materials, technologies, and other 
environmentally friendly innovations [38]."

"There is the methodology of (Project Integrating Sustainable Methods (PRISM)) which was 
introduced in 2013 by the international organization of green project management (GPM)."

"Another important aspect in addressing the integration between project management and 
sustainability or green buildings is the contribution of the project managers to the success 
of sustainable projects."

Methods

"Following the SLR, an online questionnaire and interviews with project managers and 
sustainability consultants were conducted to determine how green project buildings are 
managed in Egypt, a more specific ranking for the most affective challenges that obstruct 
green buildings in Egypt from the challenges identified previously in previous studies, and 
finally to determine how the green building situation in Egypt could be improved."

"The questionnaire consists of 18 questions with two types of questions, open questions, 
and multiple-choice questions aiming to benefit from the experience of project managers 
and to define obstacles they faced in managing green building projects in Egypt, the main 
aims need to be elicited from the questionnaire as follows: 1."



"The main obstacles that project managers face when managing green buildings in Egypt."

Results and discussion

"From the systematic literature review, the research reached an important hypothesis, 
which is that green building situation in Egypt could be improved and go faster in steady 
steps by developing and improving the project management methods used in 
implementing the green building projects."

"To experiment research hypothesis, it is needed to know how green building projects are 
managed in Egypt and study the management methods used in these projects."

"This section of the study aims to investigate how green-building projects are managed in 
Egypt."

"Discover if the way of managing these buildings affects project success in achieving the 
sustainability goals and whether it is among the factors leading to the obstruction of the 
construction of green buildings in Egypt."

"An online questionnaire and interviews were conducted with Egyptian project managers 
and green building administrators (with experience of 3 to 20 years in green buildings) 
who worked in green buildings in Egypt, whether registered or certified buildings, under 
LEED or GPRS."

Conclusions

"The roles of project managers and green building consultants are unclear."

"As, the concept of a green project manager is missing, the person who has the project 
management knowledge, including management methodologies, methods, tools, and 
techniques, and has leadership skills to lead the entire project team and organize all project 
processes in an integrative manner holistically in the context of sustainability."

"There should be a distinction between the roles and responsibilities of project managers 
and green building consultants."

"Research on green building project management should be encouraged, especially at the 
local level, due to its important role in the success of the project, overcoming the obstacles 
that may face this type of construction, and the ability to organize the process and 
coordinate between several of its elements."
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Abstract-Summary

"This article aims to developing strategies for executing the PPM processes with more 
agility by leveraging the capabilities and merits of industry 4.0 technologies along with 
selective Critical Success Factors (CSFs)."

"An agile project implementation plan was developed based on the findings of TISM and 
FuzzyMICMAC, which provides a systematic approach for strategically achieving the CSFs."

"Strategies were developed to improve agility in key processes of PPM by utilizing the new-
age technologies Industry 4.0 like Internet of Things (IOT), Mobility, Business Intelligence, 
Blockchain, Chatbot, Robotic Process Automation (RPA) and other technologies."



"The strategies and the agile project implementation plan thus developed as an outcome of 
this research can be leveraged by industries of various domains for improving agility in any 
of their business processes."

Introduction

"Project Procurement Management (PPM) includes the processes necessary to purchase or 
acquire products, services, or results needed from outside the project team (PMBOK 39)."

"The engine that drives that adaptability is agile procurement (Denali-A WNS Company & 
JAGGAER 40)."

"According to Denali-A WNS Company & JAGGAER (40) procurement organizations need to 
have the knowledge and ability to move quickly."

"Company’s procurement group must have deep understanding of the market and should 
collaborate with marketing on promotions."

"A procurement team is agile when they exhibit certain behaviors, including being forward-
thinking, collaborative, data-driven and action- oriented."

"In order to improve agility of PPM process, CSFs needs to be identified that will act as 
input to project management practice for achieving success (Alias and others 41)."

Literature survey

"Due to excessive competitive and less predictable market, exponential growth in 
innovation and technology, the existing PPM becomes very unstable which marks the 
requirement of an agile model to manage procurement projects effectively."

"In order to become agile, the project procurement management in an organization will 
have to align its capabilities (People, Process, and Technology) with its needs and priorities 
(Braunscheidel and Suresh 42; Mike and others 43)."

"IIOT that can enable to capture real-time data and requirements (Ahuett-Garza and 
Kurfess 44; Lynn and others 45; Aazam and others 46) enabled via Wireless Sensor 
Networks (WSNs)-based networking to transfer from traditional industry to digital 
industry (Alrashidi and others 47; Rathee and others 48; Lee and others 49); mobility can 
provide ease of accessibility and visualization from anywhere; blockchain can provide a 
trustless, tamperproof, traceable and decentralized network which can be established 
between the internal/external stakeholders for all kinds of transactions including 
exchanging information, payments, status updates, maintaining documents and records, etc 



in real-time (Pandya 50; Khan and Salah 51; Iansiti and Lakhania 52); RPA intends to 
offload repetitive, non-intellect, high volume mundane tasks done by humans; Artificial 
Intelligence and Machine Learning learn from the human operating patterns, failure trends, 
ordering trends versus the needs and requirements to provide autonomous decision 
making (Bordel and Alcarria 53; Sharma and others 54); big data analytics can utilize the 
real-time generated data for predictions; all of these technologies are capable of generating 
huge insights that can provide sufficient business intelligence to the procurement 
managers to perform and act with more agility."

"This research tries leverages these new age Industry 4.0 (Saucedo-Martínez and others 55; 
Rejeb and Keogh 56; Bougdira et al 57; Pasi and others 58) technologies to enable business 
intelligence for improving agility in PPM."

Research gaps based on literature survey

"From the literature, Project procurement management is key process for enabling 
successful outcomes to projects, improve agility of PPM can fetch significant business 
results."

"Few of the recent studies describes the CSFs that can enable improvement of agility in 
PPM."

"There was barely any work that utilizes the new age technologies to enable business 
intelligence for improving agility in various individual sub-processes of PPM."

"There is thus a need to improve the agility in PPM by developing strategies based on 
effective utilization of business intelligence enabled using latest technologies, to achieve 
the CSFs for improving agility in PPM."

"All these factors waste a lot of time, money and efforts, making the entire PPM process lag 
which marks the need for agility improvement."

Key contributions of this research

"As identified from the literature gaps there is need to analyze the identified CSFs and 
develops strategies to successfully achieve these CSFs."

"Following are the key contributions of this research: a. This research identifies 18 CSFs 
from the literature later validating with experts."

"c. It develops interactions and relationships among CSFs by using TISM and Fuzzy 
MICMAC analysis d. It develops an agile project implementation plan for achieving the CSFs 
and successfully improve of agility of PPM e. It identifies potential areas in PPM lifecycle for 



improving agility by levering new-age technologies"

Aim and research questions

"The aim of this research is to explore the CSFs for improving agility in PPM, develop 
interactions among CSFs and model an agile implementation plan to strategically and 
systematically achieve the CSFs."

"This research tries to address the following research questions: a. What are the CSFs for 
improving agility in PPM?"

"c. How can these CSFs be achieved in an organization to improve agility?"

Research methodology flow chart

"Based on experts’ inputs the top ten key CSFs were short-listed which had high impact on 
the agility improvement drive."

"The short-listed CSFs then were analyzed for the interactions and relationships among 
themselves by using TISM and Fuzzy MICMAC."

"Based on the analysis an agile project implementation plan was developed that provides a 
plan to systematically achieve the CSFs."

Exploring the CSFs for improving agility in PPM

"CSF 2: Clear vision and strategic alignment To improve agility, there has to be a clear 
vision and strategic alignment for digitally transforming and upgrading the organization 
with new technology competency."

"CSF 6: Technical capability To eliminate lack of new technology competency barrier while 
implementing agility, an organization should have sufficient technical capabilities which 
shows the organizational strength in terms of tools and technology (Dawson and Van Belle 
59)."

"CSF 10: Performance measurement Performance measurement is crucial for eliminating 
lack of new technology competency barrier while implementing agility and achieving 
sustainable improvement(Trkman and McCormack 60; Lee and Ahn 61; Leem and others 
62; Ray and others 63; Hoque 64)."

"CSF 11: Use of steering committee Use of steering committee for monitoring activities and 
to ensure if things are aligned to the set vision is very key for eliminating issues in change 



management while implementing agility in PPM (Somers and Nelson 65)."

"This CSF plays a vital role at the Technology; Capacity and capability level."

Obtaining the relationship of CSF on agility implementation in PPM

"After identifying the CSFs from the literature and validating with experts as a first round of 
Delphi, a second round of Delphi was conducted to find the strength of relationship of each 
CSF on implementing agility in PPM."

"The data was collected from the interaction with 15 experts working in the field of agile 
project management, procurement management, digital transformation and other domains 
which were directly or indirectly related to the context of this research. “"

"Inputs received from the experts were rated as; very strong relationship (9), strong 
relationship (7), moderate relationship (5), low (3) and no relationship (1)."

Classification of CSFs: fuzzy MICMAC analysis

"This research further utilizes Fuzzy MICMAC analysis to further categorize the CSFs."

"MICMAC analysis is to sort the variables according to their driving power and 
dependence."

"Higher driving power indicates that the particular CSF highly influences other CSFs and 
higher dependence indicates that the CSF is highly influenced by other CSFs."

"Fuzzy MICMAC analysis also captures the strength of relationship between two factors."

Discussions on the TISM and fuzzy MICMAC analysis

"The CSFs of cluster IV have a very high driving power with a very less dependence on 
other factors."

"b. Cluster III i.e. Linkage CSFs which have a high driving power to influence CSFs in lower 
clusters and dependence power on cluster IV CSFs."

"The success of these CSFs highly depends on the success of CSFs in Cluster III and Cluster 
IV."

"It can be concluded that once the CSFs in cluster III and IV are achieved, these CSFs will 



then enable the organizations will have to establish an innovative culture, proactive and 
forward-thinking mindset of people, increase interdepartmental cooperation which will 
ease the change management drive and, the success of all these CSFs will finally enable 
successful Implementation of proposed changes."

Development of agile project implementation plan for improving agility in PPM

"sprint of sprints) backlogs with individual teams and scrum master."

"Each sprint will have a daily standup meeting discussing the achievements and updating 
the backlog in case new items are identified."

"Each of these 8 items have further multiple activities that can be seen in the sprint 
backlog."

"The entire backlog is divided in four parallel sprints based on the dependencies of the 
activities in the backlogs."

"c. Sprint C and Team 3: Team 3 will be constantly involved in defining the Key 
Performance Indicators and Parameters, predictive insights and intelligence that will be 
required to give end-t-end visibility of the activities."

"The scrum masters of all the teams will have weekly meetings with the initiative head and 
group of experts to update on the achievements, reviewing the progress, addressing the 
challenges faced, updating the individual backlogs based on the response during the 
initiative and other activities."

Potentials areas of agility improvement in PPM process

"Information flow for improvement of agility Requirements from the project team Vs Real-
time repository available resources (IIoT) > predictive analytics and Business intelligence 
insights extended on mobile/portal > Enablement of appropriate make/buy decisions 
quickly."

"Business intelligence can utilize the real-time generated data and the historical data for 
providing visibility on selecting the right supplier in much shorter time, improving the 
agility of this process."

"Having such a condition, both the parties try to prove themselves right by initiating blame 
game, conflicts, suing each other, tampering records, etc These non-productive activities 
lead to huge losses to both the parties (buyer and supplier) in terms of time, money, 
reputation, relations, etc Agility improvement of the process Blockchain is the trending 



technology which can solve the issues."

Implications of research

"This research provides PPM practitioners with an agile implementation plan, areas where 
agility in PPM can be improved and strategies around achieving the CSFs for improving 
agility in PPM for an organization."

"New skills would be required, and practitioners will have to upgrade them self for being 
technologically competent to deal with the transformation."

"This research will also off-load practitioners from doing conventional cumbersome non-
intellect tasks, due to which practitioners can focus on tasks which require human 
intelligence, invest more time in research and development which can be utilized for 
expanding the business."

"This research will also encourage more industry academic relationship where industries 
will try to include new age technology requirements in the academics and, research 
institutes will produce researchers which will be aligned with the needs of the industrial 
transformations."

Conclusions

"To improve the agility of PPM processes, this article leverages the capabilities and merits 
of industry 4.0 technologies along with selective CSF in the order of significance as per the 
TISM and Fuzzy MICMAC analysis."

"In order to improve agility in PPM this research receives valuable inputs from the experts 
working in the domain of project management, procurement and other relevant domains."

"Contribution, it identifies various CSFs that will enable successful agile PPM model 
implementation."

"Contribution, it prioritizes the top ten CSFs to improving agility in PPM."

"Contribution, it develops an agile implementation plan for successfully executing PPM 
agility improvement drive, strategies to improve agility in PPM."

"Fifth contribution, it identifies potentials areas in various phases of PPM where agility can 
be improved and also describes the means to leverage the new age technologies along with 
the influence of CSFs as per the TISM model."



Limitations and future research directions

"This article develops plan and strategies for improving agility in PPM which considers 
inputs from experts and literature making it robust, however since this is not yet 
implemented and there could arise a few un-foreseen challenges during actual 
implantation which are not considered as a part of this research."

"Practitioners and researchers can utilize the findings of this research for actual 
implementation of agility improvement in PPM in their organization and can also extend it 
to bring agility in other project management knowledge areas in industry."

"This research provides guidelines and a roadmap for practitioners and researchers 
working in this domain."
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Abstract-Summary

"Business process management (BPM) is one of the effective performance management 
methodologies used in managing process-oriented organizations."

"Having a unified list of the BPM critical success factors (CSFs) and BPM principles 
considered one of the important research areas."

"The literature review showed that despite the majority of BPM principles and CSFs are the 
same or there are minor differences between them, different terminologies were used to 
describe them."

"The main objectives of this research are building insights about BPM’s most recent 
developments, unifying BPM principles and CSFs and proposing a comprehensive BPM."

"The mapping process was used to propose a unified list of BPM CSFs and BPM principles."

"A comprehensive BPM methodology was proposed, the proposed methodology combining 
the steps of generic BPM methodologies and BPMS methodologies and it is unifying the 
terminologies used in the reviewed methodologies."

"The proposed CSPs can be further analyzed to find the relationship between CSPs and how 
each one of them can affect BPM implementation."

"The proposed BPM methodology can be tested by applying it to the different business 
sectors and measure organizations’ performance during implementation stages."

"For the practical side, the proposed methodology can provide a guide for managers and 
organization leaders about the right steps to be followed during implementing BPM and 
conducting BPM projects."

"CSPs can guide BPM project managers, organization leaders, and business excellence units 
to focus their efforts on the significant improvement areas and actions to be taken on 
strategic and operational levels."

Introduction

"Viewing organization as a set of cross-functional processes at different levels and through 
organization’s boundaries is one of the recent and effective approaches for managing 



organizations’ business (Škrinjar and Trkman 68; Looy 69; Mäkinen 70)."

"Business process management (BPM) is one of the effective methodologies used for 
improving the efficiency and performance of the process-oriented organizations (Ongena 
and Ravesteyn 66; Suša Vugec and others 67)."

"BPM developed gradually from merging the quality approach and business process 
reengineering (BPR) approach (Rosemann and Brocke 71)."

"BPM defined as a management discipline that considers business processes as the main 
contributor to achieving the organization’s objectives by improving, continuously 
managing performance of essential business processes, and govern it (Jeston 72)."

"Taking the aforementioned BPM issues into consideration, the main objectives of this 
research are building insights about BPM’s most recent developments, unifying the 
similarities in the BPM principles and CSFs and proposing a comprehensive BPM 
methodology that able to integrate the generic BPM methodologies and the Business 
Process Management Systems (BPMS) methodologies."

Literature review

"In 2018, BPM defined by John Jeston, as a management discipline that considers business 
processes as the main contributor to achieving the organization’s objectives by improving, 
continuously managing performance of essential business processes, and govern it (Jeston 
72)."

"In the enablement phase, an organization should work to develop the necessary 
capabilities to drive four main components namely people, process, technology, and BPM 
project management which represent business success components, i.e. it is mandatory for 
BPM project success."

"Launchpad Three major actions need to be taken that includes; (1) deciding location 
where to start next or new BPM activity, i.e. location of process to be improved; (2) define 
the goals of process under improvement which should be aligned with organization 
strategy; (3) establishing activities need to be taken to improve process and achieve 
process goals."

Research methodology

"The methodology used in the current research encompasses analyzing the literature on 
three parallel lines."

"In the first line, the literature will be analyzed to extract the BPM developments and 



discuss them in the results discussion section."

"In the second line, the literature related to BPM CSFs and BPM principles will be analyzed, 
summarized and then mapping process will be used to find the similarities between CSFs 
and principles and the unique CSFs and principles."

"In the third line, the literature related to BPM methodologies will be analyzed to identify 
the pros and cons of each methodology, highlight the gaps in each methodology and then 
propose a comprehensive BPM methodology that able to fill the gaps of the previous 
methodologies."

Unifying CSFs and BPM principles

"BPM principles defined as a set of best practices any organization implementing BPM 
should follow to sustain competitive advantage and ensure BPM projects success (Hung 
73)."

"Institutionalization The implemented BPM project or approach should be embedded and 
integrated with organization systems and plans, i.e. it shouldn’t add another layer to 
organizational structure."

"Organizational structure change BPM implementation should change organization 
structure to ensure horizontal linkages, cross-functional nature of processes, and make 
processes focused on delivering value to customers."

"BPM implementation An effective BPM implementation process that characterized by its 
simplicity, i.e. resources used by BPM should be economical, and contextual awareness, i.e. 
while implementing BPM, organization setting factors such as size, strategy, business 
scope, BPM objectives, available resources, and types of processes should be considered."

"Collaborative working environment in BPM, due to the cross-functional nature of 
processes, employees’ participation and contribution to processes analysis and 
improvement from across organizations should be emphasized."

Comprehensive BPM methodology

"Only two methodologies were found as generic methodologies, i.e. it considers the 
common steps or phases followed during BPM implementation."

"The analysis conducted on both methodologies and mapping the Elzinga and others 
methodology to the Jeston framework showed that those methodologies have a common 
logic and the stated steps or phases for implementing BPM are almost the same but 



terminologies used were different."

"Develop and implement phases from the Jeston framework can be mapped to the 
implementation step from Elzinga and others methodology."

"“realize the value and sustainable performance” phases from the Jeston framework can be 
mapped to the continuous improvement cycle step from Elzinga and others methodology."

"The proposed methodology combines the steps of generic BPM methodologies (Elzinga 
and others 74; Jeston 72) and BPMS methodologies (Ko and others 75; van der Aalst 76) 
and unify the terminologies used in reviewed methodologies."

"If BPM project goals achieved, the improved processes, by using diagnosis standards from 
BPMS, will be analyzed and monitored."

Results discussion

"BPM developed over the years from merely systematic and structured approach used for 
improving and managing organization performance to management discipline that, in 
addition to what mentioned before, start using methods, techniques, and software for 
improving and managing organization performance, i.e. BPM approaches start to combine 
knowledge from information technology and management sciences for improving business 
processes."

"In 2018, BPM major activities were classified to four major activities that represent the 
walls of BPM house and it includes alignment with organization strategy, identification of 
the essential business processes that should be enhanced first, Business process 
improvement and people change, and the activities related to benefits realization and 
performance management."

"The analysis conducted on the BPM CSFs and BPM principles literature reveals that when 
organizations, during implementing BPM, reach to CSFs development stage, they should 
refer to the BPM principles and adapt it to fit for their business by focusing on the 
principles that will gain more weight in term of fulfilling organizations’ goals and objectives 
and delivering the desired value to the customers and stakeholders."

Conclusions and future research agenda

"Business process management (BPM) is one of the effective performance management 
methodologies used in managing process-oriented organizations."

"The proposed methodology starts with the preparation process by analyzing organization 
vision, mission, goals, strategy, and CSPs to identify CSFs and work on needed culture 



change to prepare the organization for implementing BPM."

"The pros of the proposed methodology may include but not limited to explaining what 
BPMS standards to be used during BPM methodology implementation, in which stage it 
should be used and how it will interact with human factors within the organization."

"The proposed BPM methodology can be tested by applying it to different business sectors 
and measure organizations’ performance during the implementation stages."

"From the practical side, the proposed methodology can provide a guide for managers and 
organizations leaders about the right steps to be followed during implementing BPM and 
conducting BPM projects."
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Abstract-Summary

"In the construction industry, project success is crucial, because it reflects positively on the 
growth of the national economy, in partnership with other sectors related to it directly and 
indirectly."

"The aim of this study is to determine the factors that affect the success of construction 
projects, based on realistic project data."

"The result illustrates that the most significant and vital factors for the success of the 
construction project are: quality-related factors, cost-related factors, time-related factors, 
contract-related factors, and related external factors."

"Results help project stakeholders improve construction project performance by 
identifying factors that have affected project success."

"This study contributes to the current body of knowledge by being one of the few studies 
that analyze project data to identify critical success factors for construction projects in 
developing countries."

Introduction

"The success of the project plays an important role in developing the economy by achieving 
the main three measures of project success (time, cost, and quality)."

"Many researchers considered cost, time, and quality compliance as a parameter to 
measure project success (Barclay & Osei-Bryson, 78; Meredith, and others, 79)."

"The study of project success and critical success factors is, therefore, timely as it is one of 
the vital ways to improve the effectiveness of project delivery (Chan and others, 80)."

"This study goes to conduit the gap by re-evaluating the critical success factors of Jordanian 
construction projects to facilitate an updated understanding of the current conditions of 
the local industry, by analyzing the data gathered from the final reports of a number of 



construction projects."

"Identifying these factors provides project managers to develop plans to improve the 
performance of existing and future construction projects in the region."

Literature review

"According to several studies, cost, scope, and time are the three success criteria for a 
construction project (the triple constraint)."

"A study by Chan and Chan (81) presented two types of success criteria for construction 
projects: objective and subjective measures."

"Another study by Liyanage and Villalba-Romero (82) presented six success criteria in 
construction projects: time, cost, quality, contract, process and results, and stakeholders’ 
satisfaction."

"There is a difference between the concept of project success factors and project success 
criteria."

"There are various success factors in construction projects considered by several number 
of researchers."

"There are limited studies addressing success factors in construction projects in Jordan."

"The current study seeks to realistically define critical success factors in construction 
projects, based on realistic data collected from the final reports of construction projects 
that have been implemented in Jordan."

Methodology

"The first part focused on an in-depth review of several research studies into the success 
factors of construction projects."

"The second part focused on collecting real data from construction projects implemented in 
Jordan."

"While the third part was related to assessing success factors based on the data collected in 
the first two parts."

Data collection



"The first part in current study includes extracting information from 42 construction 
projects carried out in Jordan."

"While there were more projects during that period, only projects containing details about 
their costs, time, and quality were selected for extraction."

"This information is necessary to evaluate the success of the construction project in terms 
of completing the project within the required time, cost, and quality."

Data analysis

"The data were analyzed using the SPSS software, statistical mean, and standard deviation, 
in addition to the normalization values determined for each success factor."

"After computing the normalization values, the criticality of each factor was evaluated 
(Adabre & Chan, 83)."

"Factors with normalization value ≥ 0.50 are considered as critical factors (Osei-Kyei & 
Chan, 84)."

"Normalization value was used to determine the criticalities of factors for public–private 
partnership projects in the study by (Osei-Kyei & Chan, 84)."

"The normalization value for each factor was calculated using the following equation as 
used by (Adabre & Chan, 83): Factor analysis is a quantitative multivariate method in 
which the interrelationships between a set of continuously measured variables are defined 
through a variety of underlying linearly independent reference variables (Hardcastle and 
others, 85)."

Results and analysis

"This study considers these factors as the critical success factors for construction projects."

"Conformance to codes and standards in the construction projects is one of the critical 
success factors in this study."

"The accuracy of the preliminary estimated time of the construction project is considered 
to be an important factor in the success of the project; where the accuracy and realistic 
project time estimate reduce the delay rate for completion of the project."

"The selective tendering is indicated as a success factor in construction projects, because 



the owner invited contractors with high efficiency and capability to implement the project."

"This study agreed with current study in identifying the quality and finance as critical 
success factors in construction projects."

"The results of this study are consistent with those studies (Lim & Mohamed, 86; Sadeh and 
others, 87; Shenhar and others, 88) in identifying cost, time, and quality as critical factors 
for the success of construction projects."

Conclusion

"The present study uses an alternative data set to identify the critical success factors 
affecting the local construction industry by analyzing data from documents of some 
construction projects in the region."

"The significant findings of this study are: The top critical success factors for construction 
projects in Jordan are no disputes in the project, the value of bid bond, location of company, 
no defects in the project, conformance to codes and standards; and accurate bill of 
quantities."

"The results of this study encourage future researchers to verify the application and 
reliability of these critical success factors by conducting a similar survey of a sample of 
other projects."

"The implications of this research study can be summarized as follows: Determining the 
most prominent factors for the success of construction projects in this study will encourage 
other researchers to search for other causes."
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Abstract-Summary

"Novel organisational solutions are needed to deliver advantages vis-à-vis both threat 
actors and competitors."

"The European Union sees one potential solution in the establishment of a network of 
cybersecurity competence centres."

"The major challenge in creating networked organisations is to provide long-term, effective 
collaboration through adequate governance and management."

"To support the elaboration of a solid governance model of a cybersecurity competence 
network in a Horizon 2020 research project, this article presents the results of a study of 
92 existing network organisations working in cybersecurity and closely related fields."

Introduction

"It will present and discuss the results of the ECHO governance-related research activities, 
and in particular 1) the study of the range of current business models, 2) the identification 
of organisational models for collaborative networked organisations (CNOs) with a higher 
degree of complexity, i.e., incorporating various thematic activities and national or regional 
units, with a particular interest in CNOs serving as a “Virtual Breeding Environment” [89], 
and 3) their current governance models."

"Section 4 focuses on identifying organisational models of CNOs with a higher degree of 
complexity, i.e., incorporating various thematic activities and national or regional units, 
with a particular interest in CNOs serving as a “Virtual Breeding Environment,” while 



Section 5 presents the findings on governance models, i.e., the primary considerations or 
‘dimensions’ for presenting the governance model of a networked organisation and 
identified clusters."

Methodological approach

"The first phase involved examining project documentation, the literature on governance, 
and the gathering of consortium expertise on the range of issues linked with network 
governance, business models, and CNO coordination and management."

"This resulted in a final template containing 17 governance issues and questions and the 
main parameters of business and governance models to be discussed with the networks in 
subsequent phases."

"Excluded from the analysis were networks identified as being part of a larger hierarchical 
organisation, although they may have possessed specific expertise or capabilities in 
cybersecurity."

"We focus on the results of the secondary analysis of the data gathered through the 
preliminary analysis of existing networked organisations."

Business models and patterns

"The business models used by existing networked organisations can be presented in a two-
dimensional space, with the degree of coordination of member organizations’ operational 
and development activities in one dimension and a combination of their profit (or non-
profit) orientation and primary funding streams in the other."

"But not to the same degree, 19% of the analysed CNOs used one designated point of 
contact for every main service/product (n = 9), while 17% of the sample positioned each 
CNO member to contract network products and services (n = 8)."

"There were examples, although few (n = 2 at 29%), of for-profit CNOs, utilising a balanced 
funding stream with a somewhat equal mix of public and commercial sources."

"It was determined that regarding the ‘degree of coordination’ classification, most of the 
existing networks were not-for-profit, relying solely on public funding (n = 11; 23%), or on 
a balanced funding stream (n = 6; 13%) operationalised under the constraints of a single 
process-single centralised point."

Organisational modalities of collaborative networked Organisations



"The analysis of existing collaborative networks allowed the exploration of more complex 
organisational modalities, where the CNO involves one or more types of legal entities of a 
different type."

"They are formed as a ‘programme’ or an initiative of an existing organisation or function 
on the basis of an agreement, often an international agreement, designating an 
organisation serving as the legal entity representing the network."

"Of higher interest for the future evolution of the ECHO network, and the European 
network of cybersecurity competence centres more generally, are existing organisational 
collaborations where the CNO includes or is related to one or more types of constituent 
legal entities."

"Of highest interest in creating a new collaborative networked organisation in the field of 
cybersecurity is when the CNO serves as a Virtual organisation Breeding Environment 
(VBE) and CNO governance bodies decide to create a new Virtual Organisation (VO)."

Prevailing governance models

"A simple majority, requiring just over half of the weighted votes of members; 2."

"A qualified majority, e.g., over two-thirds of the weighted votes of CNO members; 3."

"A simple majority (i.e., over half of the votes cast), with each vote carrying equal weight; 
4."

"A qualified majority (e.g., two-thirds of the votes), with each vote carrying equal weight; 
5."

"The most common means of making decisions employed by all CNOs (regardless of profit 
orientation) was by a simple majority (i.e., over half of votes cast), with each vote carrying 
equal weight, at 30% (n = 18)."

"15% of the sample worked on the basis that All participating CNO members are 
represented, with an equal vote for each CNO member (n = 9), followed in turn by CNOs 
employing a Broad representation approach at 10% (n = 6)."

Conclusions and way ahead

"By analysing existing CNO networks, with their publicly acknowledged governance 
objectives, practices, and requirements and the information related to their business and 



governance models, we can gain a good understanding of the prevailing practice."

"This means identifying best-practices in terms of elaborating and implementing 
governance models of CNOs; collating and clustering examples of good business and 
governance models of current well-functioning networks in order to propose potential 
alternatives in the context of the developing ECHO research; and guiding the prioritisation 
of governance needs and objectives [90]."

"What has been presented here in terms of findings related to best practice, governance 
model clustering, and relevant organisational models, is intended to guide and steer the 
development and evaluation of new, alternative governance models consistent with the 
needs and characteristics of the ECHO network, that can form the foundation for a robust, 
adaptable, and sustainable governance model."
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Abstract-Summary

"Changes are inevitable in construction projects."

"Changes can be better understood through modeling parameters relationships."

"Axiomatic Design (AD) and Design Structure Matrix (DSM) are two popular matrix-based 
modeling concepts that can model changes from a parameter perspective."

"AD guides the designers to examine changes by modeling requirements and parameters 
relationships in a structured manner from early design stages."

"DSM provides a methodology for analyzing changes through modeling interactions among 
the parameters."

"In spite of potential benefits of matrix-based approaches, previous studies have not dealt 
with combining AD and DSM for project change management research."

"The objective of this study is to conduct an in-depth investigation of these matrix-based 
design concepts to understand their applicability for better control on changes in 
construction projects."

"The novelty and unique contribution of this research work is development of AD-DSM 
framework to identify changes and its propagations due to functional and information 
couplings at conceptual design phase of construction projects."

"The present study models the relationship of design parameters for accurate identification 
of changes."

Introduction

"An initiated change can occur from the inadequate briefing of requirements in the early 
design stages, whereas an emergent change is caused by problems in the design process or 
errors."

"Literature review revealed that integrating AD and DSM in the conceptual design stage can 
eliminate unnecessary changes or rework at later stages of the project."

"AD and DSM are the potential to analyze changes from a parameter perspective."

"DSM [92] provides a structured methodology to examine changes that occurred due to the 



iterative nature of the design process."

"AD can aid to identify changes early in DSM."

"This paper represents an initial effort to apply the principles of the AD and DSM in 
construction projects for change management."

"The objective of this study is to apply AD and DSM concepts to understand their 
applicability for better control of changes in construction projects."

Research Methodology

"Framework application consists of six steps: (1) data collection on underground metro 
projects—requirements, design information, construction methodology, (2) development 
of AD methodology during requirements identification stage, (3) identification of changes 
arising due to requirements conflicts in AD, (4) development of DSM methodology during 
the design of structures, (5) identification of additional changes due to iterations of DPs in 
DSM, and (6) feedback from design and construction teams."

"The proposed AD-DSM framework is applied in the conceptual design phase of the 
underground metro project."

"To apply AD, the data such as functional requirements (FRs) and design parameters (DPs) 
of underground metro project and their relationships are collected from seven industry 
experts using semi-structured interviews."

"To apply DSM, information relationships of DPs of components of the underground metro 
project are captured from the same experts using semi-structured interviews."

Case Study

"The contractor is responsible only for the design and construction of civil works."

"The concourse slab should able to withstand passenger movement load, service 
equipment, and room structural dead loads."

"The platform slab is designed to allow onboarding and off-boarding trains, resist 
passengers waiting, track loads, facilitate smoke ventilation during any emergency, and 
structurally integrate with the tunnel."

"During the conceptual design stage, lack of adequate briefing on the following 
requirements—smoke ventilation, environmental control system, passenger entrance, 



plant room foundation, erection of diesel generator (DG) and chiller (CH) equipment—
leads to significant changes at the detailed design stage."

"As per the revised design, the HVAC plant room has to build in between the entrance 
structure and the existing building, leaving less space."

"To meet the project deadlines, few design activities of the plant room and entrance 
structure are carried out in parallel without considering their information dependencies 
which further triggered redesigns."

Analysis and Results

"The changed FRs and DPs associated with the proposed design are identified for the plant 
room."

"It means, due to the inherent complexity and iterative nature of the design process, the 
FRs which are not part of coupled FRs are also get affected and initiated additional changes 
in components of the underground metro project."

"A single change in IFR7-support cable trench erection affects three DPs: DP2-plant room 
layout, DP15-entrance design, and DP6-station wall width of the underground metro 
project."

"These additional repetitive changes in DPs—DP13-pile foundation area and DP2-plant 
room layout—can be originated due to errors in the finalization of DPs during the design of 
the underground metro."

"Project requirements FRs and IFRs and design solutions DPs of FRs and IFRs need to be 
finalized in the conceptual design phase itself so that all possible changes can be identified 
and resolved with a minimum effort."

Discussions

"The proposed AD-DSM framework can identify and track different types of changes such 
as a change in project requirements—FRs and IFRs, changes in solutions in terms of DPs, 
and change propagations in FRs and DPs."

"Additional changes in FRs and DPs due to iterations can also be identified using a 
proposed framework in a structured manner."

"Although the proposed integrated AD and DSM framework can provide a structured 
methodology to address change handling issues, it has certain limitations in terms of 



applicability."

"When the scale of the design matrix gets very large, the effort required to build AD and 
DSM also increases."

"When the number of FRs increases, the number of combinations will grow in a geometric 
progression, and the rearrangement of the design matrix in both AD and DSM will be 
extremely time-consuming."

Conclusions

"The novelty and unique contribution of this research work is development of AD-DSM-
based framework to identify changes and its propagations due to functional and 
information couplings at conceptual design phase of construction projects."

"Using the proposed framework, changes that arises at construction stage of project can be 
avoided and negative impacts can be minimized."

"AD provides a structured methodology to identify changes by modeling dependencies of 
FRs and DPs."

"DSM further enables teams to identify changes by capturing information dependencies 
among DPs."

"Due to the complementary benefits of AD and DSM concepts, changes arising due to both 
functional and information couplings can be identified in an integrated manner."

"Further, the proposed framework can also aid to identify necessary and unnecessary 
changes in any construction project."

"The findings from the case study indicate that changes can arise due to both functional and 
informational couplings."

Scope for Future Research

"Failure to understand critical couplings will delay the process of identifying and 
implementing critical changes."

"Tearing process is not explored as the scope of the study is to identify unavoidable 
changes."

"The tearing process will help to remove feedbacks above the diagonal of the DSM matrix 



as a result unnecessary or avoidable changes can be eliminated in the project."
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Abstract-Summary

"Proper selection of ERP consultant is challenging task for any top management of 
organization because consultant fees accounts a major portion of project cost and this 
problem may be considered as Multi criteria decision-making problem."

"This article presents the hybrid approach of Fuzzy Analytical hierarchy process (F-AHP) 
and COPRAS-G in selection process of ERP consultants."



"F-AHP is used to obtain the weight of selection criteria and COPRAS-G is used to get the 
final ranking of consultants based on utility degree."

"The result of F- AHP highlights that reputation, ERP project experience and partner of ERP 
vendor and cost is an important selection criterion for selecting consultant and rank 
reversal problem has been greatly reduced by COPRAS-G. This proposed hybrid technique 
is quite flexible and provides efficient decision making in the selection of an ERP 
consultant."

Introduction

"Shadi and others (93) has defined ERP is an Information Technology (IT) business 
solution which enables Organizations and their Stakeholders for management of project 
effectively & efficiently throughout the lifecycle of project."

"Aloini and others (94) highlighted the issue of ineffective consulting services in ERP 
project; hence, proper strategies/methodologies towards selection of consultant may be 
required."

"Consultant’s industry experience, project management capabilities and experience in 
previous project in similar type industry and communication ability has been seen as 
desirable attributes in the selection of ERP consultant (Hung and others 95)."

"The main aim of this work is to propose a MCDM Approach for solving the problem of 
consultant selection in ERP projects."

"In presented work, various criteria have been considered for Decision- Making (DM) 
process in selection of suitable ERP consultant; hence a hybrid MCDM approach based on 
F-AHP & COPRAS-G has been applied."

Literature review

"Hiring a suitable consultant to implement ERP system is a customary approach to procure 
expertise that is not available in client organization."

"ERP consultant provides various services such as providing technical upgrades and 
business expertise, enhancing learning capabilities of client, helping in preparing technical 
specification of ERP software requirement, offering technical knowledge on the software, 
on the job training of users, streamlining procedures and protocols of the organization with 
system modules, providing assistance in customization and configuration of the system and 
suggesting appropriate solutions to adoptive customers (Nah and others 96; Wang and 
others 97)."



"Chang and others (98) have explored the control mechanisms that are utilized in ERP 
projects for ensuring that the ERP consultant is working to fulfil the client’s business 
needs."

"Kumar and others (99) have proposed eight selection criteria for ERP consultant by 
respondents."

"Tsai and others (100) have applied an AHP technique to select the suitable consultant 
based on three attributes namely ERP approaches."

"Ozalp and others (101) have proposed the ERP Consultant selection problem by AHP, ANP 
and F-AHP methodology."

Methodology used in research

"In COPRAS, criterion weighs and ranking of alternative used the crisp numerical data."

"Zavadskas and others (102) have proposed COPRAS-G, in which the attributes are 
reflected in periodic values, most suited for real-world DM and in the implementation of 
the grey theory."

"Zavadskas and others (103) have proposed COPRAS-G for selection of construction project 
managers."

"Zavadskas and others (104) have used COPRAS-G and TOPSIS grey for risk assessment 
problem in construction projects and compare the ranking of projects."

"Maity and others (105) have applied COPRAS-G to rank alternatives on the basis of their 
importance and usefulness."

"Nguyen and others (106) have used the hybrid methodology of Fuzzy ANP and COPRAS-G 
for selection of suitable machine tool."

"COPRAS-G is suitable for problem with uncertainty, subjective and imprecise data."

"The steps of COPRAS-G are given as following (Nguyen and others 106; Zavadskas and 
others 104): Step 1: Find out the important criteria to define alternatives."

Problem formulation

"The selection as well as implementation of ERP system is still a significant challenge for 



most of the organizations, though vendors and customers have acquired more experience 
and expertise in establishing the system."

"Based on literature review, it is utmost important to hire a consultant for achieving the 
project objective set by organization but no suitable methodology is available in literature 
for selection of consultant in ERP project."

"Suitable decision-making methodology may select the best consultant who can enhance 
the quality of system and achieve the targeted goals of organizations."

Proposed research methodology

"Consultant selection is most important activity in ERP Project."

"In presented article, a hybrid approach based on F-AHP and COPRAS-G is proposed."

"F-AHP evaluates the weights of criteria and COPRAS-G is applied to get the final ranking of 
consultants."

"The following steps of this methodology are as follows: Step 1: Formation of a team of 
expert and selection of criteria In this step, choose the decision makers who have 
knowledge and experience in ERP project and involved in consultant selection."

"These matrices are utilized by the F-AHP which is used to evaluate the weights of the 
criteria."

Case study on ERP consultant selection problem

"Step 1: Formation of a team of expert and selection of criteria To demonstrate the 
application of this model in ERP consultant selection problem, five decision makers from 4 
different Indian organizations were asked a set of questions pertaining to selection of ERP 
consultant."

"These decision makers were involved in choosing ERP consultants."

"The reputed consultants who were involved in ERP project of various organizations in 
India were selected as Decision makers."

"Step 2: Determine the weight of criteria Weight of criteria has been evaluated by Fuzzy 
AHP method."

"Step 3: Determine the final rank of ERP consultant In this step, COPRAS-G approach is 



used for final ranking of ERP consultant."

Sensitivity analysis

"To ascertain the robustness of the process and reduce the problem of rank reversal, this 
analysis has been performed for COPRAS-G. For the determination of the effect of the 
weights of criteria on decision making, this method has been used to create various 
scenarios by exchanging different criteria weights that may change the rank of alternatives 
(Senthil and others 107)."

"In SA, different names are given in experiments such as QQ12 indicates that the weights of 
the attributes one and two are exchanged."

"QQ13 means the weight of attributes 1 and 3 are exchanged."

Discussion and conclusions

"Appropriate hybrid methodology of Fuzzy AHP and COPRAS-G has been proven useful to 
provide effective decision during selection of consultants in ERP project."

"The result shows that top four important criteria for consultant selection in ERP project 
are reputation, ERP project experience, partner of ERP vendor and cost."

"The results from SA show that hybrid model of F-AHP and COPRAS-G for selection of 
consultants in ERP project is very robust and manageable."

"For future study, other MCDM approaches have been applied to solve the similar problem 
and develop the expert system for selection of consultants in ERP project."

"The main limitation of the study is implementation of proposed approach on the 
consultant selection in ERP project of Indian fertilizer industries only."

"Some other MCDM approaches could also be applied to solve the same and similar types of 
problem and to develop the expert system for selection of consultants in ERP project."
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Abstract-Summary

"Resource-constrained project scheduling problems have been abundantly presented in 
extant literature."

"These challenges include environmental commitments and constraints related to the 
procurement of resources (as regards procurement commitment)."

"This calls for the integration of the project planning and forward-reverse supply chain 
planning systems."

"To achieve this goal, this paper contributes to the existing literature by presenting a model 
that incorporates the two issues in the integrated planning system: (1) the procurement 
commitment objective is met through the just-in-time delivery of non-renewable resources 
to the project sites while considering the limited supply capacity of suppliers, and (2) the 
environmental commitment is satisfied by collecting and recycling the waste generated at 
project sites."

"Since the model is NP-hard (non-deterministic polynomial time-hard), the paper develops 



a new heuristic-based genetic algorithm to solve the problem instances."

"The integrated planning model that is proposed in this paper and its novel resolution 
method would help managers to make more responsive and efficient decisions."

Introduction

"The consideration of these issues leads to asking the following questions: What modelling 
framework can be used to optimally plan and schedule activities in multiple projects that 
are subjected to the just-in-time delivery of non-renewable resources by suppliers with 
limited supply capacity, while taking into consideration the environmental concerns 
related to the collection and recycling of the wastes generated at the project worksites?"

"The main specificities of the implementation and accomplishment of the thermal 
renovation projects in the CRIBA context are as follows: Just-in-time supply of the 
prefabricated isolation panels with the aim of reducing the inventory levels of high-value 
materials on the worksites while also protecting the panels from different hazards that can 
damage them; Regular collection and shipment of wastes from the worksites to appropriate 
recycling centres in order to meet environmental responsibility objectives; Limited 
transportation, production and recycling capacities of the supply chain actors, coupled with 
the due dates and time windows that are imposed for the execution of renovation 
activities."

Literature Review

"In “Background of the Research”, we outlined three aspects of this paper that constitute its 
main contribution: (1) project scheduling with the integration of issues related to material 
(non-renewable resource) procurement; (2) project scheduling considering environmental 
responsibility commitments, with specific attention to the collection, transportation and 
recycling of wastes generated on project sites; and (3) resolution methods, with particular 
emphasis on metaheuristics and genetic algorithms."

"Develop a planning system that integrates project scheduling and supply chain planning in 
order to create a model that considers supply chain constraints in the scheduling of the 
project activities and at the same time considers project planning constraints in the 
planning of the supply chain operations, while meeting procurement commitments (just-
in-time delivery through the limited procurement capacity of the suppliers) as well as 
environmental commitments (recycling of waste)."

Model Development

"In our formulation mode, the determination of index f(o,d,p) that represents all the 
potential material flows, which exist between the actors (transporting an item p from 



origin o to destination d) as well as the decision variables related to this index (decision 
variable TQf(o, d, p), t related to the quantity of the transported items between the actors) 
makes the presentation and application of the model not limited to the problems with a 
fixed number of layers in the supply chain network."

"It reduces the flexibility in the planning and does not let the model to plan to optimality 
the supply operations as well as the operations related to the collection and recycling of the 
wastes. (2) It can lead to more unnecessary transportations (to supply the non-renewable 
resources to project worksites or to ship the generated wastes to the project worksites), 
and consequently it can increase the cost in the system, whereas, by excluding these 
activities from the activity-on-node diagram, the demands for the non-renewable resources 
in the project sites as well as the quantities of the wastes that should be transported to the 
recycling centres can be regrouped."

Solution Method

"The modified earliest and latest start dates enhance the main phase of the resolution 
method by generating the feasible candidates for the start time of activities."

"The main intention of our search procedure is to determine the feasible start date for the 
activities of projects by considering the interactions between the project scheduling 
constraints and forward supply chain planning constrains, and then to propagate the 
impact of the constructed solutions on the reverse supply chain to generate optimized 
solutions for its variables."

"Using the following principles, it schedules the activities at the precedence and resource-
feasible start time: i. Each activity should be started at a time point between its modified 
earliest start time and latest start time."

"Considering the activities that start at different time points, the total demand for non-
renewable resources at every time point t is calculated."

Computational Experiments

"The RPD results are used to conduct the S/N analysis and to determine the robust values 
of the parameters of the genetic algorithm in each size category of the instances."

"The resolution time by the Cplex solver in the small-and medium-size instances is 
respectively 4 and 1265 s. In the large case, the solver ends up after 17,940 s (4 h and 59 
min) without returning any solutions."

"The resolution time for solving the same instances by the proposed algorithm is 16 s, 699 



s and 4442 s respectively in small, medium and large sizes."

"Since the resolution of the model by the Cplex solver is traceable for small and medium 
instances, the results of the application of the proposed algorithm on 50 instances of these 
sizes are used to calculate the Gap indicator."

Conclusion

"This paper aims to study an optimization model for planning a set of multiple projects 
considering material procurement and environmental commitments."

"The material procurement commitments are satisfied thanks to the just-in-time delivery 
of the non-renewable resources to the project worksites, subject to the limited 
transportation and production capacities of suppliers."

"These commitments are obtained by proposing a modelling framework that enables to 
integrate the project planning and forward-reverse supply chain systems."

"The idea for this integration stems from the fact that the project planning constraints 
impact the planning of the supply chain operations (production, transportation and 
recycling), and reciprocally the forward-reverse supply chain constraints (as well as the 
just-in-time delivery of non-renewable resources) affect the scheduling of activities in 
projects."

"For future research works, uncertainty can be integrated in different parameters of the 
model such as the duration of the activities, the transportation and production capacities or 
the demand of the activities for different renewable and non-renewable resources."
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Abstract-Summary

"According to recent studies in the field of human resource management (HRM), especially 
in project-based organizations (PBOs), stress is recognized as a factor that has a paramount 
significance on the performance of staff."

"Previous studies in organizational stress management have mainly focused on identifying 
job stressors and their effects on organizations."

"Contrary to the previous studies, this paper aims to propose a comprehensive decision-
support system that includes identifying stressors, assessing organizational stress levels, 
and providing solutions to improve the performance of the organization."

"A questionnaire is designed and distributed among 170 senior managers of a major 
project-based organization in the field of the energy industry in Iran to determine 
organizational stressors."

"Some main advantages of the proposed hybrid decision-support model include (i) 
achieving high-reliable results by not-so-time-consuming computational volume and (ii) 
maintaining flexibility in adding new criteria to assess the occupational stress levels in 
PBOs."

"Some main recommendations are proposed to manage occupational stresses at the 
optimum level in the considered sector."



Introduction

"One of the main challenges of chief executives and HR managers in PBOs is to answer the 
following questions: (i) what are the major stressors that negatively impact the 
performance of the projects or organizations? (ii) what are the high-priority stressors? (iii) 
how can the level of occupational stress be assessed in an organization? (iv) is the 
employees’ level of job stress desirable enough? (v) if not, what corrective actions should 
be taken?"

"To determine right answers to the above questions, decision-making models provide 
useful tools to identify effective organizational stressors, as well as the level of occupational 
stress."

"An integrated BWM-FIS model, welcomed by HR managers and chief executive officers 
(CEOs) of the PBO understudy, is proposed that has several advantages such as: i) While 
maintaining simplicity and comprehensibility, the practitioners can assess the level of 
organizational stress quantitatively."

Literature review

"Task stressors refer to work overload, role conflict, and role ambiguity, which are 
experienced by project managers (PMs) all the time along with their tasks."

"Role ambiguity occurs when there is no clarity about the expectations of the work and 
employees are uncertain about everyday tasks (Beehr 108; Katz & Kahn 109)."

"Numerous studies indicate that work overload, role conflict, and role ambiguity lead to 
stressful situations (Eatough and others 110; Lambert and others 111)."

"Organizational stressors originate from the organizational environment, such as 
bureaucracy, high level of formalities, non-participation in the decision-making process, 
and job insecurity."

"Lack of cooperation between project managers and their subordinates can also lead to low 
job satisfaction and hence, a high perception of stress."

"Physical stressors include poor work/home environments."

"Poor work environment refers to situations with inappropriate temperature, insufficient 
lighting, lack of privacy, noise, congestion in the office, etc , that can create stressful 
situations (McDonald & Ronayne 112; Taap Manshor and others 113)."



Research gap analysis

"This paper is among the first attempts to develop a decision-support system to assess the 
level of organizational stress and manage it through a hybrid BWM-FIS framework."

"The current interdisciplinary study starts to address the above research gap that lies at 
the intersection of three main organizational issues: Project Management (PM), Stress 
Management (SM), and Decision Support Systems (DSS)."

"This study is among the first studies that address the vital issue of assessing and 
determining the level of stress in an organization."

"There seems to be little or no research evidence on the issue of assessing the stress level 
in an organization or team."

Methodology

"The best worst method (BWM) is applied to calculate the weight of stressors."

"The best worst method is a multi-criteria decision-making methodology based on pairwise 
comparisons and mathematical modeling."

"The weights of stressors are calculated, using the best worst method (BWM)."

"Based on Rezaei and others (114), the main advantages of BWM are as follows: (i) this 
method obtains highly reliable and consistent results because it applies a very structured 
pairwise comparison (ii) in this method, just two comparison vectors exist, which implies 
less effort for data gathering process (iii) the reliability of this method is high, because the 
collection and analysis of data for two vectors are more structured than a full matrix, and 
(iv) BWM can easily be integrated with other MADM methods."

Implementation of the proposed BWM-FIS model

"This questionnaire is distributed among more than 170 experienced experts of an 
industrial major corporation's project management office (PMO)."

"The corporation also hires experienced project managers, specialists, and experts."

"These stressors are work overload, job incongruity, poor organizational structure, poor 
project environment, poor job promotion, and type A behavior."



"The proposed solutions can be into three categories: long-term/strategic, mid-term, and 
short-term solutions."

"Considering the categorization above, it can be inferred that job redesign and enhancing 
employees’ participation are the strategic solutions."

"Workshop designing to deal with role clarity (especially for each project team), role 
analysis, and health and wellness programs can be seen as short-term solutions."

"When the level of stress in the organization is very low, job redesign, developing self-
conducted teams, and encouraging supportive leadership style are considered strategic 
solutions, while using motivational techniques and designing competition programs for 
teams/projects are respectively mid-term and short-term actions."

Validation and sensitivity analysis

"Three validation methods are performed to show the robustness of the proposed hybrid 
BWM-FIS in assessing the occupational stress level in PBOs: 1) analyzing the consistency 
ratio of BWM, 2) comparing the performance of the applied decision-making approach with 
traditional ones, and 3) analyzing the obtained results of the proposed FIS by applying 
various defuzzification techniques such as COA (Center Of Area), MOM (Mean Of 
Maximum), BOA (Bisector Of Area), SOM (Smallest Of Maximum), and LOM (Largest Of 
Maximum) (Amindoust & Saghafinia 115)."

"To show the validation and verification of the developed method, the BWM results are 
compared with those obtained by a traditional method, i.e., the AHP."

"Changing the defuzzification method is an appropriate way to verify the robustness of a 
FIS-based model."

"Regarding this table, changing the defuzzification method does not affect the final result, 
and the level of occupational stress is still in the high-risk situation."

Discussion and managerial implications

"Job redesign: Based on the senior executives’ opinions, job redesign, as a long-term and 
strategic solution, has a high priority for implementation."

"It implies that employees are responsible for carrying out, organizing, and controlling 
their assigned tasks concurrently (Kopelman 116)."

"Workshops designed to address these issues help employees have a solid understanding 



of their role, responsibility, and accountability, and reduce role conflicts stemming from 
different incompatible interfering expectations (Verma 117)."

"The counseling office addresses the person-related problems by directly meeting with the 
employees and playing a mediator role in balancing their lives."

"It is noteworthy to say that these three solutions have a great impact on conflict resolution 
at the organizational level, interpersonal level, and personal level."

"Based on the experts’ opinion, “improvement of interpersonal behavior”, which serves as 
an organizational solutions, is of less importance in the organization under study."

Conclusion

"The current study has proposed a hybrid BWM-FIS framework to introduce a stress 
assessment model in project-based organizations."

"Although occupational stress influences employees’ performance directly, there is a lack of 
attention to developing decision-making frameworks for the research problem literally."

"Using BWM, the weights of the identified criteria were determined."

"The stress level of the organization was assessed via proposing a FIS."

"The results obtained from the FIS model showed that the stress level of the organization 
was at a high-risk level."

"On, through conducting brainstorming sessions and interviews in the presence of 
executive managers, HR, and PM managers, three main corrective measures (job redesign, 
holding workshops to deal with role clarity and role analysis, establishing a counseling 
office) were selected to improve the stress level and, consequently, the performance level 
of employees, especially project managers, would heighten."
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Abstract-Summary

"The rapid evolution of digital and computer technologies has transformed the creative 
landscape, influencing art product design and industry applications."

"This study aims to explore the impact of these technologies in shaping contemporary art 
product design and identifying the key trends driving industry growth."

"The study concludes that embracing digital and computer technologies is vital for 
continued innovation in the creative sector and highlights potential future developments 
that can further advance art product design and industry applications."

Introduction

"The creative landscape has undergone significant transformation in recent years due to 
the widespread adoption of digital and computer technologies [118]."



"This technology has been employed in a wide range of applications, from product design 
[119] and jewelry [120] to biomedical devices [121] and automotive components [122]."

"The adoption of digital and computer technologies has also fostered a more global, 
interconnected creative landscape [123]."

"The environmental impact of digital technologies [124] and the digital divide [125] must 
be considered when assessing the benefits and drawbacks of these advancements."

"In light of these developments, this study aims to provide a comprehensive analysis of the 
role of digital and computer technologies in shaping the creative landscape, with particular 
emphasis on their applications in art product design and industry."

"2 reviews and summarizes the literature related to the role of digital and computer 
technologies in advancing art product design and industry applications."

"5 examines the integration of advanced software, hardware, and innovative techniques in 
the art and design process."

Related works

"This research delves at the possibilities of 3D printing for use in the hands of creatives to 
make one-of-a-kind works that push the boundaries of conventional craftsmanship. “"

"Several other works, some of which are linked to this one, have also investigated the use of 
VR/AR in the creative industries."

"Virtual and augmented reality (VR/AR) have the potential to enrich the educational 
experience in the fields of art and design, as discussed in “Virtual and Augmented Reality: 
From Entertainment to Education” [126]."

"The authors argue that students might benefit from a more thorough comprehension of 
art and design principles because to the immersive and interactive experiences made 
possible by these technologies. “"

Proposed architecture

"The proposed architecture for implementing the study “Shaping the Creative Landscape 
through the Role of Digital and Computer Technologies in Advancing Art Product Design 
and Industry Applications” involves a combination of hardware and software components 
to enable data collection, analysis, and visualization."



"The data collection component involves gathering data from a variety of sources, including 
online surveys, interviews with artists and designers, and analysis of industry reports and 
publications."

"The data collection process requires the use of specialized hardware and software tools, 
such as web scrapers, survey software, and online analytics tools, to gather and store data 
in a central repository."

"The data analysis component requires the use of specialized software tools, such as 
statistical analysis software, data visualization tools, and dashboarding software."

"The data collection, processing, analysis, and visualization components require specialized 
hardware and software tools, as well as skilled personnel with expertise in data 
management, statistical analysis, and data visualization."

Discussion

"As designers and contractors suggest new materials and methods, the specification may be 
utilized to ensure they are up to par Project managers and contractors benefit from having 
access to up-to-date information in digital format for the purposes of planning and 
managing workloads, which enhances supervision and guarantees the use of best 
practices."

"Software developed for a particular workflow should be able to share data with the other 
tools involved in the process, accept design data, and classify objects as needed."

"GIS gains a new level with the addition of geo design tools, which may dictate the scale, 
materials, and placement of proposed build types within a landscape setting."

"One of the biggest breakthroughs that has increased designers’ capacity to prototype and 
experiment with responsive technologies is the availability of technical tools, access to 
software development, and hardware prototyping in the previous decade."

"Both the technologies employed in their production and the rapidly developing 
technological landscape that is influencing environmental design are discussed in the case 
studies."

Results

"In order to disclose the observable geometries and 3D features of a site, students may now 
evaluate the spatial compositions of landscapes at an early stage of the design process 
using very basic modelling approaches thanks to recent advancements in 3D digital 



modelling."

"To help the student focus on the spaces that the elements within the designed landscape 
will create in terms of “rooms,” or spatial sequencing, the landforms, paths, buildings, and 
canopy trees in this example are constructed as measured abstract forms and then 
intentionally rendered with a limited color palette."

"Complex phenomena at a site may be simulated with the use of modelling software, 
allowing for better decision-making in dynamic environments."

"Extracted data is used to create a simulation model of the physical environment."

"A “selective reality” emerges when this logic produces a model or simulation, which is 
then fine-tuned through observations of the physical world and utilized to alter, measure, 
and quantify particular parts of reality."

Conclusion

"The purpose of this research is to examine how these technological developments have 
affected the evolution of modern art product design and to pinpoint the most important 
themes."

"The conventional limits of the sector have also been dramatically altered as a result of the 
incorporation of technology, which has opened up new channels for cooperation, resource 
sharing, and worldwide communication."

"The research finds that the creative sector must fully embrace digital and computer 
technology in order to maintain a culture of innovation, and it indicates promising 
directions for future research that might have far-reaching effects on the fields of art 
product design and industrial applications where the extracted data is used to create a 
simulation model of the physical environment."
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Abstract-Summary

"There is a lack of understandings of the factors associated with successful management of 
OSD projects."

"The objective of this study is to identify and prioritize the factors that contribute to 
successful management of OSD projects."

"We conducted a systematic literature review (SLR) to identify a set of factors that 
influence successful management of OSD projects."

"Findings of the study indicate that standards and procedures, change management 
engineering and trust building between distributed teams are key factors for the successful 
execution OSD projects."

Introduction

"Despite the importance of project management in OSD, few research studies have been 
conducted that investigate the problems faced by the offshore software organizations."

"We believe that the understanding of the factors associated with successful project 
management in the context of OSD can assist the software firms to improve their project 
management strategies and execution."



"This research study aims to (i) identify the success factors of software project 
management in the context of OSD by using a systematic literature review (SLR); (ii) collect 
feedback about the SLR findings from real-world practitioners by using a questionnaire 
survey; and iii) prioritize the identified success factors using analytic hierarchy process 
(AHP)."

"RQ1: What are the success factors that influence offshore software project management, 
as reported in the literature?"

"RQ2: What are the success factors that influence offshore software project management, 
as identified in real-world practices?"

Background and Motivation

"Sabherwal [127] also reported that lack of sharing of knowledge between client and 
vendor organizations leads to OSD project failures."

"There is no systematic study that identifies success factors of OSD projects and prioritizes 
these factors for the practitioners."

"We believe that such a study is important for both scholars and practitioners to better 
understand factors that influence successful management of OSD projects."

"There is no study that prioritizes success factors of OSD project management."

"We believe that findings of this study will assist the practitioners to the strategies for the 
successful execution of project management activities in the context of OSD."

Research Methodology

"We followed the five main steps of SLR: (1) identify research questions for overall 
objectives of the study; (2) search strategy; (3) study selection process; (4) quality 
assessment; and (5) data extraction and analysis."

"For SLR, we developed the following research question: RQ1: What are the success factors 
of offshore software project management, as reported in the literature?"

"In this study, we use analytic hierarchy process to prioritize management success factors 
for offshore software development project."

"The objective of the questionnaire survey was to collect feedback from industry 



practitioners about the identified success factors and how they perceive each factor’s 
influence on the management of offshore software development projects."

"Section-3 (Open ended), the purpose of this section is to allow participants to provide new 
success factors based on individual experience during management of offshore software 
development projects."

Study Findings

"SF5 (standard and procedure) was found as the most significant success factor for the 
successful implementation of project management in offshore software development 
outsourcing."

"The study indicates that SF23 (clearly defined role and responsibilities of overseas teams) 
as an important success factor for deploying the effective project management activities in 
geographically distributed development environment."

"The results also indicate that SF33 (encouraging communication and collaboration, 91%) 
is the second most significant success factor for the successful implementation of project 
management activities in offshore software development environment."

"SF4 (common communication infrastructure between offshore sites, 89%) was the third 
most significant coated success factor of project management in the domain of offshore 
software development environment."

"This indicated that out of thirty-six reported success factors, SF5 is the most significant 
success factor for the successful implementation of software project management activities 
in OSD."

Discussion

"The findings of this study will contribute to the body of knowledge for researcher and 
practitioner for the success and progress in of software project management activities in 
offshore software development context."

"We incorporate two well-established empirical software engineering techniques (i.e., 
systematic literature review and questionnaire survey) for the study of factors that 
contribute to successful management of offshore software development projects."

"The study provides a body of knowledge for practitioners by prioritizing success factors 
for managing offshore software development projects."



"The taxonomy of prioritized success factors developed by AHP process will help 
practitioners focus on six core aspects of managing offshore software development 
projects."

"In a nutshell, the study results serve a knowledge base for practitioners that can 
potentially help them in successful management of offshore software development 
projects."

Comparison with Existing Similar Studies

"Another systematic literature review study conducted by Silva and others [128] identified 
23 factors that can negatively impact the global software project management activities."

"They identify the best practices that might be useful to address the critical challenging 
factor of global software project management activities."

"They also identified the factors that are most critical to address for the success and 
progression of global software project management activities."

"No studies have been conducted to identify and prioritize the factors that contribute to 
successful management of OSD projects."

"Presented in this paper, we have performed the systematic literature review with an 
extensive set of literature and explore 36 success factors that could positively influence the 
offshore software project management activities."

"We have applied the analytical hierarchy process to prioritize the identified factors with 
respect to their significant to offshore software project management activities."

Conclusion and Future work

"The importance of software project management in OSD motivated us to investigate and 
prioritize the success factors which are vital for improving the activities of project 
management in OSD, though, by using SLR approach, we identified a total of 36 success 
factors."

"According to the responses of the survey participants, all the investigated success factors 
have positive effect on software project management activities in OSD."

"The findings of the study provided a framework which is helpful for practitioners in order 
to assess and improve their software project management activities in geographically 



distributed development environment."

"In future, we planned to conduct a multivocal literature review study in order to 
investigate the additional success factors of software project management in the context of 
offshore software development outsourcing."

"We plan to conduct a study to identify the challenging factors and the best practices of 
software project management in geographically distributed development environment."
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Abstract-Summary

"Software product managers play an important role in the software development 
organization while being responsible for the strategy, business case, product roadmap, 
high-level requirements, product deployment (release-management), and retirement plan."

"This article explores the problems that affect the software product management process, 
their perceived frequency and perceived severity."

"The data were collected by a systematic literature review (5 main databases were 
analyzed), interviews (10 software product managers from IT companies), and surveys (89 
participants)."

"95 software product management problems assigned nonexclusively to 7 areas were 
identified."

"27 commonly mentioned software product management problems were evaluated for 
their perceived frequency and perceived severity."

"Some of the identified problems spanned beyond the software product management 
process itself, but they all affect the work of software product managers."

Introduction

"It is closely related to other areas of software engineering such as: strategy development, 
requirements engineering, project management, agile software development, product 
marketing, and business analysis (International Institute of Business Analysis 129; Project 
Management Institute (PMI) 130)."

"This indicates that the research in the topic of the problems of software product 
management is still open, as the understanding of the specific problems and the evaluation 
of their frequency and severity require further study (Maglyas and others 131; Ebert and 
Brinkkemper 132; Maglyas and others 133; Jantunen and others 134; Bekkers and others 
135)."

"The goal of this research is to identify and evaluate the problems of software product 



management from the perspective of software product managers."

"The research questions are as follows: RQ1: What problems are recognized by Software 
Product Managers?"

"RQ2: What is the perceived frequency of software product management problems by 
software product managers?"

"RQ3: What is the perceived severity of software product management problems by 
software product managers?"

Background

"The framework also defines the activities that happen when a product is already on the 
market: commercialization and manufacturing operations, and problems related to 
software product management may occur throughout the entire product lifecycle."

"Software product managers also orchestrate the activities related to development, 
marketing, sales and distribution, and service and support."

"This is why the problems from the perspective of the Software Product Managers may be 
related to a wide range of processes, activities and responsibilities of other 
teams/departments/roles."

"The role of the Software Product Manager and the responsibilities attached to this role 
differ between companies."

"Given the range of the software product manager’s activities and responsibilities defined 
in the software product management frameworks, it can be assumed that problems may 
relate to many more aspects of product development and its lifecycle."

Research method

"Our research comprized three steps: (1) identification of the problem areas related to 
software product management, (2) identification of the problems related to software 
product management in particular problem areas, (3) evaluation of the perceived 
frequency and perceived severity of the problems."

"Because of that, we extracted a list of topics mentioned in the context of software product 
management problems from each selected paper and categorized them into problem areas 
using keyword analysis, ground knowledge and our industry experience."



"A list of software product management problems was extracted separately from each 
interview preserving the original interviewees’ statements."

"In the third part of the survey, we asked the respondents if they had experienced any 
other problems in software product management together with the evaluation of their 
severity, and provided the opportunity to leave an email address to receive the research 
results."

Results

"Full-text analysis of the selected papers showed that the majority of the mentioned 
problems were not directly related to the software product management process and the 
perspective of the software product manager."

"We found out that the reviewed papers named many areas and topics where software 
product management problems might occur."

"The same problems (codes) that were indicated in different interviews were merged, 
resulting in a list of 163 software product management problems."

"We observed only one statistically significant difference (p = 0.028 for perceived 
frequency and p = 0.041 for perceived severity, alpha = 0.05) for problem P19 “Teams are 
not Agile, they just follow rules and do not use experimentation and a learning process,” 
which was evaluated as more frequent and severe by non-Product Owners than by Product 
Owners."

"These two problems might indicate that the sheer size and complex internal structure of a 
large company makes software product management more problematic."

Discussion

"The evaluation of the frequency and severity shows that the problems related to non-core 
SPM activities that we recognized (i.e. P9, P82, P6) have a significant influence on the work 
of software product managers, however to check who can solve these problems and how, 
what the software product manager can do in such a situation, requires separate research."

"We also recognized 18 new problems in our research that we could not be matched with 
any of the problems of Maglyas and others Technology-related problems (P9, P85, P6, P12) 
were not mentioned in 2012, as probably at that time companies were not suffering from 
technical debt just yet and the techniques such as automated testing and continuous 
integration were not yet recognized by software product managers to improve product 
development and reduce time-to-market."



Threats to validity

"The threats of inappropriate inclusion & exclusion criteria, as well as inappropriate 
research questions, were mitigated by the fact that the criteria were defined by two 
researchers, both experienced in the field of software product management."

"The threats of bias in data extraction and subjective interpretation of the extracted data 
were mitigated, as the extraction of the problems and the problem areas from the final 
papers was carried out independently by both authors and merged into the final list 
following a discussion."

"We had to ask about the evaluation of the software product management problems in a 
fixed order due to limitations of the dedicated survey tool of the Gdansk University of 
Technology (Ankiety 136)."

"It must be noted that the survey results represent the subjective view of the respondents 
and reflect the perceived frequency and severity of the software product management 
problems instead of the objectively measurable ones."

Conclusions

"The main contribution of this article is the list of 95 problems related to software product 
management assigned to 7 problem areas together with the evaluation of the perceived 
frequency and perceived severity of the selected 27 problems, which answers all research 
questions (RQ1, RQ2, RQ3)."

"We conducted an online survey from which we obtained an evaluation of the perceived 
frequency and perceived severity of the selected 27 software product management 
problems mentioned in at least 3 interviews (RQ2, RQ3)."

"We have provided an evaluation of the perceived frequency and severity of the 27 
software product management problems, both known and new."

"The resulting list of 27 unique software product management problems should be further 
researched, especially in terms of how companies, top managers, product managers and 
other stakeholders can reduce their frequency and impact on software product 
management."
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Abstract-Summary

"Software process standards and models are used in large- and medium-sized 
organizations to reach the Iron Triangle."

"Agile software development practices are usually used by small and very small 
organizations."

"The ISO/IEC 29110 series of standards and guides are now available for very small 
organizations, but their utilization with agile practices represents an agility-rigor 
reconciliation problem."

"We report the experimental evaluation of Scrum + EPG (a reconciled agile-rigorous 
software Project Management process from Scrum, and the Project Management process of 
the ISO/IEC 29110 series-Entry profile, documented in an Electronic Process Guide)."



"The statistical results support the claim that the Scrum + EPG was considered a high-
quality conciliated agile-rigorous software Project Management process for the Entry 
profile."

"Given the scarcity of similar studies and the need for reconciling agile-rigorous software 
development practices, this study contributes to a plausible solution for very small 
organizations."

Introduction

"The correct implementation and utilization of these software process standards and 
models have generated relevant benefits for the organization, the customers and users, the 
development team and software development process, and lately for the released software 
product/service (Ebert, 138; Humphrey, 139; Pai and others, 140; Unterkalmsteiner and 
others, 141)."

"Initial studies (Laporte & O’Connor, 142; Larrucea & Fernandez-Gauna, 143; Majchrowski 
and others, 144) have collected evidence of positive impacts for the organization, the 
customers and users, the development team and process, and lately for the software 
product/service released in very small organizations, similar to the received for large- and 
medium-sized ones by using the heavier process standards and models."

"Ahimbisibwe and others (145) found in a survey of 471 agile projects that the project size 
is negatively associated with software process success, and thus small size projects, given 
that are usually sold by small and very small software development organizations, use agile 
practices."

Background and related work

"This ISO/IEC 29110 series for software developers has, as its foundation, two processes 
for the four software profiles: Project Management Software Implementation This ISO/IEC 
29110 standard claims to provide a disciplined Project Management process to VSEs for 
pursuing essential project control and visibility issues, and a systematic Software 
Implementation process for pursuing the satisfaction of the consumer needs through the 
delivery of high-quality software products/services (ISO/IEC, 146)."

"The Software Implementation process includes six activities and uses the same three roles 
of the Project Management process: Customer Project Manager Work Team Hence, the 
Project Management and Software Implementation processes of the ISO/IEC 29110 
standard-Entry profile provide a set of roles, activities-tasks, and work products (i.e., 
artifacts) useful for implementing a disciplined software development process targeted for 
VSEs."



"Pasini and others (147) proposed a new Q-Scrum process that adds roles, well-defined 
work products, and a fusion of the Scrum activities with the Project Management and 
Software Implementation ones with those of the ISO/IEC 29110 Basic profile."

Description of the experiment

"We can report the structured goal template as follows: Analyze < two Scrum processes 
packaged in two EPGs > for the purpose of < evaluating them > with respect to their < six 
usability metrics > from the point of view of the < dual academic-professional perspective > 
in the context of < international academic-professional participants in an off-line 
experimental mode > ."

"Based on the structured goal template, we formulated six statistical null hypotheses to 
evaluate whether the reconciled Scrum + process contained in the Scrum + EPG was 
identified with better score metrics than the original Scrum process contained in the Scrum 
EPG, from the experiment participants."

"The Attitude metric refers to the degree of the favorable or unfavorable evaluation of the 
expected behavior of using the evaluated artifact (i.e., in this study the two EPGs), and it 
was measured with three statements."

Experiment execution, results, and discussion

"These descriptive results show—before any statistical test—that the 32 international 
evaluators assigned higher scores, summarized in the median and mean values for the six 
usability metrics, for the Scrum + EPG than for the Scrum EPG."

"If the medians for the Usefulness metric for Scrum + EPG and Scrum EPG were 
respectively 2.00 and 1.00, then the statistical test could provide support to consider the 
Usefulness of the Scrum + EGP better than that of the Scrum EGP, but both would be 
practically low scored, and thus, this result would be not relevant."

"The six null hypotheses were rejected (i.e., the P-values obtained were less than the fixed 
α-value), and thus, the scores received for the Scrum + EPG usability metrics can be 
considered better ones than the received for the Scrum EPG for this group of 32 
international evaluators."

Discussion

"This group was also classified as experts versus novices in agile practices and/or the 
Project Management process of ISO/IEC 29110 standard-Entry profile."



"We focused on investigating the effectiveness (measured on the six usability metrics) of a 
recent designed Scrum + EPG aligned to the Project Management process of the ISO/IEC 
29110 standard-Entry profile-."

"Thus, we consider this research can also contribute to very small software development 
organizations using agile practices that are interested in combining them with the best 
practices derived from rigor-oriented software process from standards and models, with 
the following issues: (1) to have available an online and free-access EPG of a Scrum process 
reconciled with a relevant ISO/IEC software process standard designed specifically for very 
small organizations, (2) to provide digital access to the reconciled Scrum process through 
an EPG for very small organizations, and (3) to help to disseminate the best practices 
provided by the ISO/IEC 29110 standard in very small organizations to reduce training 
costs."

Threats to validity

"Construct validity (Jedlitschka and others, 148) refers to the extent to which the 
instruments used for measuring the observed variables correspond really to the theoretical 
variables (called constructs)."

"Conclusion validity (Jedlitschka and others, 148; Wohlin and others, 149) refers to the 
extent to which the results can be supported with the correct statistical tests applied to the 
experimental data."

"External validity ((Jedlitschka and others, 148; Wohlin and others 149) refers to the extent 
to which the conclusions can be generalized to other similar populations."

Conclusion and future work

"We consider that this research provides contributions to the software engineering domain 
and practice and provides a high-quality reconciliation of Scrum and the Project 
Management process of the ISO/IEC 29110 standard-Entry profile."

"As future work, we recommend the following research avenues: (1) to replicate the 
experimental comparative evaluation of the two EPGs for obtaining more definitory 
results; (2) to conduct a comparative analysis blocking the four groups (i.e., expert-
academic, novice-academic, expert-professional, and novice-professional) to identify 
characteristics associated with their usability metrics; (3) to refine and polish the Scrum + 
EPG for producing an ISO/IEC 29110 technical report and a complimentary guide 
document for very small organizations; (4) to investigate the utilization of the Means-Ends 
Analysis for producing customized new software process; and (5) to investigate the 
automatization of the Means-Ends Analysis for assisting software process design teams in 



the elaboration of a customized reconciled agile-rigorous software process."

Extending the Project Management Body of Knowledge (PMBOK) for Data Visualization in 
Software Project Management [180]

This is a machine-generated summary of:

Couto, Julia Colleoni; Kroll, Josiane; Ruiz, Duncan Dubugras; Prikladnicki, Rafael: Extending 
the Project Management Body of Knowledge (PMBOK) for Data Visualization in Software 
Project Management [180]

Published in: SN Computer Science (2022)

Link to original: https://doi.org/10.1007/s42979-022-01168-z

Copyright of the summarized publication:

The Author(s), under exclusive licence to Springer Nature Singapore Pte Ltd 2022

All rights reserved.

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.

Abstract-Summary

"Most of the tools adopted for software project management are based on textual reports."

"The implementation of data visualization using techniques and tools for project 
management can help identify and prevent project issues such as unexpected budget 
increases, unrealistic deadlines, lack of clear goals, and success criteria."

"The results from the evaluation show that our proposal adds support to visual project 
management and helps to identify the status and progress of the project quickly and 
prevent future issues related to communication."



"Our proposal was also found to be helpful for less experienced software project 
managers."

Introduction

"There are several known challenges for DV in software project management (SPM) such as 
different processes adopted for SPM, diversity of software development teams and DV 
techniques, and management of data sources and code repositories."

"In the project management field, the use of DV techniques and tools allows the mapping of 
large amounts of data to visual patterns that aid human information processing [150] and 
help in reducing cognitive bias."

"Visual project management can bring many benefits to Software Project Management 
(SPM), enabling managers to view and understand large amounts of data quickly and 
efficiently."

"Data visualization can help managers obtain insights from project issues, as well as 
discover a new point of view of the data."

"In Couto and others [151] we proposed an extension for the PMBOK Guide consisting of 
the addition of two new processes named 10.4 Plan Data Visualization and 10.5 Implement 
Data Visualization."

Software Project Management

"This study focuses on the Communications KA because data visualizations are inserted in 
its context for visualizing project information."

"PMBOK Project Communications Management is currently composed of three processes."

"10.2 Manage Communications - a process that certifies that project information will be 
collected, created, distributed, stored, retrieved, managed, monitored, and arranged in a 
timely and appropriate manner."

"10.3 Monitoring Communications - a process that ensures the project and stakeholders 
meets its information needs."

"The PMBOK guide points out that because each project is unique, processes need to be 
adapted according to some factors such as physical location, stakeholders, language, 
communication technologies used, and how knowledge is managed in the project."



"Project documents can present data visualization techniques, and PMBOK lists 33 
documents as the most commonly used project management communication models."

"Our study further investigates project management and the usage of data visualization."

Visualization Techniques and Tools for Software Project Management

"We conducted a Systematic Mapping Study (SMS) to identify which visual management 
techniques and tools are generally used for project management and which ones are 
applied in project management in the Software Engineering field."

"We asked the participants to select the provided techniques or tools they would use for 
each processes group."

"The majority of tools and techniques (50%) reported in studies were developed to 
support DV for Engineering, Architecture, or Construction projects, followed by Software 
Engineering (SE) projects (42%)."

"Regarding the PMBOK, we found that practitioners use the following DV techniques and 
tools in all project process groups: kanban, bar chart or columns, line chart, and 
dashboard."

"The maximum score that a technique or tool could have in each question would be 26 
points, i.e., when all the participants and all sessions informed that they would use the 
technique or tool in a specific group of processes."

Development of an Extension for the PMBOK Guide

"Of this process, the communication management plan and project documents must be 
updated to include DV techniques and tools."

"EEF that may influence the Plan Data Visualization process include: Published material, 
including papers about applicable DV techniques; Academic studies; Benchmarking results; 
Global, regional, or local trends, practices, or habits; Organizational governance structure; 
Organizational, stakeholder, and client structure and culture; Geographic distribution of 
facilities and resources; Specific project document standards; Guidelines and criteria for 
defining the set of visualization techniques and tools to be used; Established channels, 
tools, and communication systems; Project management information systems."

"The following topics related to the project should be considered to plan the project DV: 
Knowledge of SPM; Knowledge of tools and visualization techniques that can be used to 
support the communication of information; Data interpretation and contextualization; 



Organization communication technologies; Organization policies and procedures on legal 
requirements for corporate communications; Communications with the public, community, 
media, and in a global environment - between virtual groups; Project and communications 
management systems."

Evaluation of the Extension Proposal

"To validate our proposal, we conducted a user study to evaluate the proposed extension in 
terms of alignment with the PMBOK Guide and its applicability in SPM."

"We design our user study to evaluate the applicability and alignment of the proposed 
PMBOK extension for DV in SPM."

"The majority of the participants gave high scores to the proposal’s applicability to SPM 
and its alignment to the PMBOK Guide."

"We also observe that some participants disagree with the proposal’s applicability and 
alignment within the PMBOK Guide."

"Participant 8 highlighted how important our proposal is for the software industry: “it [our 
proposal] is important and ’super’ [very] valid to have technical options in BoKs [PMBOK 
Guides], as they serve as a reference for using [applying it in SPM]. [...]”."

Conclusions and Future Work

"Prior to this study, extensive research was conducted in the project management area to 
understand how software project management can benefit from using data visualization to 
increase the projects’ success."

"We evaluate our PMBOK extension proposal for data visualization in software project 
management that was built in our prior research."

"We conducted a user study to evaluate our proposal regarding its applicability in software 
project management and its alignment with the PMBOK Guide."

"Our results are also promising, and they show that our proposal is applicable for software 
project management and is aligned with the PMBOK Guide."

"The experts found that adding two new processes to the current PMBOK structure is 
relevant, and we believe that this result is important to show that our proposal can be 
incorporated to support project management activities in the software industry."
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Abstract-Summary

"Many researchers and practitioners in the community believe that the level of joint 
industry-academia collaboration (IAC) projects in Software Engineering (SE) research is 
relatively low, creating a barrier between research and practice."



"The goal of the empirical study reported in this paper is to explore and characterize the 
state of IAC with respect to industrial needs, developed solutions, impacts of the projects 
and also a set of challenges, patterns and anti-patterns identified by a recent Systematic 
Literature Review (SLR) study."

"Our findings include: (1) the most popular topics of the IAC projects, in the dataset, are: 
software testing, quality, process, and project managements; (2) over 90% of IAC projects 
result in at least one publication; (3) almost 50% of IACs are initiated by industry, busting 
the myth that industry tends to avoid IACs; and (4) 61% of the IAC projects report having a 
positive impact on their industrial context, while 31% report no noticeable impacts or 
were “not sure”."

"To improve this situation, we present evidence-based recommendations to increase the 
success of IAC projects, such as the importance of testing pilot solutions before using them 
in industry."

"Using the data and evidence presented in this paper, they can conduct more successful IAC 
projects in SE by being aware of the challenges and how to overcome them, by applying 
best practices (patterns), and by preventing anti-patterns."

Introduction

"Unfortunately, a small ratio of SE practitioners and researchers collaborate with members 
of the other community, and the reality is that these two communities are largely disjoint 
(Glass 152; Garousi and others 153; Briand and others 154)."

"At an academic (industrial) SE conference, only a handful of practitioners (researchers) 
are usually present (if any), and vice versa."

"Since the inception of SE in the late 1960’s, both communities have generally done little to 
bridge the “chasm” between them (Glass 152), and the ratio of collaborative projects is thus 
relatively small compared to the number of research projects in the research community 
and SE activities in the industry."

"This need comes as no surprise to the SE community, because, being an applied discipline, 
it has long seen industrial relevance and impact of research activities to be of outmost 
importance."

"An indicator for this importance to the SE research community is the ACM SIGSOFT Impact 
project (155; Osterweil and others 156), which was conducted in the years from 2002 to 
2008."



Background and Related Work

"While the SLR shared insightful experience and evidence on the topic, we believe that the 
SE community still lacks the following two types of empirical evidence: (1) most of the 
experience is reported by focused (single) teams of researchers and practitioners and there 
is a need for evidence based on a larger, more distributed set of IAC projects to reduce the 
sampling bias; (2) challenges, success patterns, and anti-patterns in IAC projects have been 
reported rather sparsely and sporadically and there is a need for more systematic 
synthesis."

"The study focused on several research questions including: (1) how important are the 
seeds and needs for initiating IACs?; and (2) does matching based on efficiency criteria (the 
research capability of a partner and the good fit between industry and academic) result in a 
successful IAC?"

Initial Context and Process Models for Industry-Academia Collaborations in SE

"An IAC project may target improving software testing processes of a given company."

"An IAC project can take various forms, e.g., technology transfer and consultancy, but there 
should be some sort of research involved in it, to make it within the scope of our definition 
in this paper."

"The trigger for an IAC project is usually a real industrial “need” (or challenge), e.g., 
improving test automation practices in a company (Garousi and Herkiloğlu 157), or is 
based on academic research, e.g., assessing the benefits of software documentation using 
UML."

"That our model is not a collaboration model (like those discussed in (Petersen and others 
158; Sandberg and others 159; Gorschek and others 160)) but a process model for IAC 
projects, including important factors of interest to our study (e.g., collaboration need, 
challenges and patterns)."

Research Goal and Method

"For data collection, we sent invitations by email to SE researchers and practitioners who 
were known in the community to be active in IAC projects and to the authors of the 
primary studies reviewed in the SLR (Garousi and others 153)."

"While using convenience sampling in our work (similar to many other survey studies in 
SE) the representativeness (and thus external validity) of our study results could be 
limited, we still ensured meeting the other two external validity aspects, i.e., relevance and 



sample representativeness, since we sent the survey to researchers and practitioners who 
have been active in IAC projects and have first-hand experience of initiating and conducting 
IAC projects."

Demographics of the Dataset

"To understand the demographics of the IAC projects under study, we asked about the 
research methods used in each project."

"Observation 1: Industrial case studies and action-research are the most popular research 
methods used in IAC projects."

"Observation 2: Over 90% of IAC projects, in our dataset, resulted in at least one 
publication."

"In our dataset, the situation was quite balanced, i.e., the academic partners initiated 24 
projects (22.4%) and the industry partners also initiated 24 projects."

"One could do further in-depth (correlation) analysis on collaborator type who initiated the 
project versus other variables in the dataset, e.g., country, and looking into a question such 
as: Are there differences between countries in terms of who initiates the IAC projects?"

"Observation 3: Industry is as motivated as academia to start IAC projects."

"Observation 4: More than 90% of the IAC projects in our dataset lasted from 4 months to 4 
years."

Analysis and Results

"The challenge with the lowest negative impacts is “lack of research relevance” (LRR, 
average = 0.90 out of 4), which means that the IAC projects included in our study, in their 
vast majority, are indeed based in industrial problems that require a research-oriented 
approach."

"We show a few of those responses that we classified under our own ten challenge types 
below:Human and organizational challenges“Difficulty to introduce new tool in a strict 
process “(P3)“Restructuring of company leading to moved role for championing individual 
“(P82)Mismatch between industry and academia“Gap between research prototypes and 
industry projects (different key goals of project stakeholders) “(P4)“Keeping a long-term 
research focus while delivering (interesting enough) short-term results for the service and 
developing unit “(P43)“Publications are great, but for industry it is not the end-goal."
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Abstract-Summary

"The use of agile methodology has become widespread in organizations that previously 
relied on traditional or structured software development methods, such as the waterfall 



approach."

"To take advantage of the benefits of each method, many organizations are using a hybrid 
approach that combines Agile with Waterfall and structured software development 
methodologies."

"This study aims to compare and contrast agile and waterfall methodologies in order to 
create a decision tree for selecting the most suitable method for a software development 
project."

"Despite many advantages of Agile methodologies, a combination approach may be 
necessary, as Waterfall may be required for certain projects or development phases."

"This study explores the feasibility of combining Waterfall and Agile methodologies in 
software development management."

Introduction

"The two most common methodologies of software development to date are agile and 
waterfall."

"Understanding the flow of several development methodologies is crucial, especially agile 
and waterfall as the two most used methodologies."

"The software firms realized that certain project aspects, for instance, purpose, 
requirements, resources, architecture, and scale will determine which methodology best 
suits them—either agile or waterfall or even a hybrid of the two (Bishop and Deokar 1)."

"Although waterfall development is still necessary, utilizing the agile methodology often 
leads to higher progress."

"It also evaluates whether software development companies should adopt a hybrid 
approach that incorporates both agile and waterfall methodologies."

"This study will particularly answer the following questions: When is the agile 
methodology preferable over the waterfall methodology, and vice versa?"

"When is it best to combine the waterfall and agile methodologies?"

Background and related work

"Even though other studies have compared the agile and waterfall approaches, this article 



stands out because it presents the most recent research on the subject and offers a decision 
tree that software project organizations may use to determine when and how the two 
methodologies may be merged."

"Many previous studies have compared waterfall and agile methodologies and asserted 
that agile increased the likelihood that the project would be successful, monitored all 
processes during each iteration to provide the client with a complete understanding of the 
software product, and could rapidly repair defects."

"Of a study done by Khoza and Marnewick (2), agile methodologies are 60% more effective 
in process development than waterfall, however, there is no distinction between projects 
that use waterfall or agile methodologies in terms of the success of the business."

"The third category of the literature identified focused on the hybrid combination 
development of agile and waterfall in order to enhance the development process of the 
traditional methodologies."

Agile and waterfall developments mechanisms

"According to Kuusinen and others (3), agile methodologies place a greater emphasis on 
people, working software, collaboration, customer cooperation, and change than they do on 
waterfall sequential, procedures, contracts, extensive documentation, and plans."

"Several frameworks are available for the agile methodology, including Scrum, Kanban, XP, 
Behavior-driven development, Feature-driven software development, Dynamic Systems 
Delivery, and Crystal, among others (Gustavsson and others 4)."

"The Scrum Master, the Product Owner, testers, developers, and data engineers make up a 
typical agile team."

"Initiation: The major project requirements, including functionality and intended 
outcomes, are delivered to the team by the product owner."

"A waterfall team consists of a project manager, a business analyst, testers, and developers, 
among other positions."

"Development: All project is broken down into components during the development phase 
and assembled in a linked sequence until the entire final product is assembled."

Comparison between agile and waterfall developments

"For more than 20 years, software project management has been dominated by waterfall 



and agile methodologies (Sinha and Das 5)."

"Compared to 10% of agile projects, about 30% of waterfall programs failed."

"Agile software development projects take 22.4% longer than anticipated compared to 
13.65% longer than the estimated time for the waterfall method (Khoza and Marnewick 
2)."

"The waterfall project management is more established compared to an agile project."

"The project may work better with the waterfall or agile methodologies, depending on its 
unique characteristics."

"The waterfall methodology works well for simple projects and for making improvements 
to current products, while agile is a better option for complicated projects."

"If the project's requirements are not known from the beginning, the agile methodology 
works well."

The hybrid software development approach

"The adoption of both agile and waterfall methodologies in the same software development 
firm is explored in this section using various suggestions and recommendations."

"This has led to the development of a new project management methodology called the 
hybrid methodology."

"Hybrid methodology benefits from lower project costs, faster development, and well-
managed documentation (Morgan 6)."

"To increase team productivity, complete faster production, provide precise metrics to all 
project stakeholders, and foster a climate that is conducive to all forms of work, 44% of 
project directors embrace a hybrid methodology, according to AdobeTeam (7)."

"A hybrid methodology might combine the waterfall's organized up-front project plan with 
an agile emphasis on delivering small software components (Boersma 8)."

"Some software development experts blend a structured, waterfall methodology with 
elements of the agile mindset that succeed for them."

"While project management may select waterfall to ensure dependencies and deadlines, 



developers may select agile to improve code productivity."

Discussion

"This review investigated the perennial debate over whether agile or waterfall software 
management methodologies are better."

"Many firms are still using the waterfall methodology since it simply works and has a 
successful track record, even though it has begun to be replaced by agile methodology as 
the industry norm for software project delivery."

"Waterfall and agile are two distinct management methodologies that work best for 
particular project types."

"When a project must adhere to rigorous standards, the waterfall methodology is 
preferable because it calls for deliverables for each step before moving on to the next (Pai 
and others 9)."

"Small projects have a success rate that is three times higher than large ones for agile 
projects, and for waterfall projects, small initiatives have a 6X higher success rate than 
large ones (Mersino 10)."

"The feasibility of combining the waterfall and agile methodologies in software 
development management is investigated in this paper."

Conclusions and future directions

"Agile software development has been advocated for more than 20 years as a solution to 
the rigidity issue with structured/traditional methodologies such as the waterfall."

"Current evidence indicates that many software firms continue to use the waterfall 
methodology."

"Although there are many alternative methodologies available for software development, 
the waterfall and agile methodologies are generally regarded as the most efficient."

"There are ongoing discussions regarding whether Agile Methods or structured 
methodology is better suited for software firms, which never seem to end."

"The article also included a decision tree that could be used to decide whether the agile or 
waterfall methodology is better suited for a certain project setting."



"The software firms may therefore need to use a hybrid framework that combines agile and 
waterfall."

"This is essential to learn how and when they employ agile or waterfall, and what kinds of 
projects they successfully accomplished utilizing the hybrid methodology."

Relationship between diversity of collaborative group members’ race and ethnicity and the 
frequency of their collaborative contributions in GitHub [79]

This is a machine-generated summary of:

Shameer, Sheik; Rodríguez-Pérez, Gema; Nagappan, Meiyappan: Relationship between 
diversity of collaborative group members’ race and ethnicity and the frequency of their 
collaborative contributions in GitHub [79]

Published in: Empirical Software Engineering (2023)

Link to original: https://doi.org/10.1007/s10664-023-10313-y

Copyright of the summarized publication:

The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of 
Springer Nature 2023

Copyright comment: Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the author(s) or other 
rightsholder(s); author self-archiving of the accepted manuscript version of this article is 
solely governed by the terms of such publishing agreement and applicable law.

All rights reserved.

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.



Abstract-Summary

"An empirical study that analyzes how peer members’ racial and ethnic diversity in a 
collaborative group relates to the frequency of their collaborative contributions in OSS 
projects."

"We performed a large-scale quantitative analysis of the relationship between the race and 
ethnicity of peer members in a collaborative group and the frequency of their collaborative 
contributions in GitHub."

"We finally used mixed effects regression modeling of the group members’ contributions –
measured by the total number of pull requests merged as a collaborative group – to assess 
the relationship between the racial and ethnic diversity of the members in a collaborative 
group and the frequency of their collaborative contributions."

"Our results indicate that (1) a major part of the developers’ population are White 
developers; (2.1) the distribution of collaborative members’ contributions from 
homogeneous and heterogeneous collaborative groups, with respect to the race and 
ethnicity of the groups’ members, is different."

"Heterogeneous groups have a higher median number of contributions than homogeneous 
groups; and (2.2) the diversity of race and ethnicity of members in a collaborative group 
does have a statistically significant relationship with the frequency of the collaborative 
group members’ contributions."

"The racial and ethnic diversity of peer members in a collaborative group may have a role 
to play in the frequency of groups’ contributions in OSS."

"Further research is needed to understand how the diverse racial and ethnic composition 
of collaborative group members leads to a higher rate of group contributions."

Introduction

"We study the race and ethnicity of OSS developers participating in collaborative groups in 
GitHub."

"Motivated by (1) recent studies (Nadri et al. 12, 13) that found that perceived nonwhite 
developers have lower odds of getting their pull requests accepted when compared to 
perceived White developers in GitHub; (2) a GitHub Survey (Vasilescu et al. 14) which 
showed that developers could be aware of the race and ethnicity of other developers in a 
collaborative environment; and that 30% of GitHub developers have felt sometimes 
negative experiences due to diversity in terms of national origin, language, and ideology; 



and (3) the lack of knowledge about racial and ethnic diversity in OSS collaborative groups, 
we present this large-scale empirical analysis in GitHub that answers the following 
research questions: RQ1: What is the distribution of races and ethnicities of members in 
collaborative groups in GitHub?"

"This study helps improve the body of knowledge regarding diversity in OSS environments 
and can be used to develop best practices and interventions to increase racial and ethnic 
diversity in GitHub collaborative groups."

Theoretical Framework

"Following previous studies, we also consider GitHub as a social network where we analyze 
the collaboration of OSS developers."

"Using the social network analysis, this study aims to provide numbers and knowledge that 
help researchers and practitioners understand the racial and ethnic diversity of 
collaborative groups in GitHub (RQ1) as the current state of racial and ethnic diversity in 
OSS is uncertain."

"With this study, we have two objectives: (1) to ascertain whether homogeneous and 
heterogeneous collaborative groups, with respect to the race and ethnicity of their group 
members, have statistically significant differences in the distribution of their contributions 
(RQ2.1), and (2) to investigate whether the racial and ethnic diversity of the collaborative 
groups has a positive relationship with their contributions in GitHub (RQ2.2)."

"No previous work has studied how developers’ race and ethnicity in collaborative groups 
correlate to their total contributions."

Related Work and Background

"Previous studies on racial and ethnic diversity in groups yield mixed results on the 
relationship between racial and ethnic diversity and group outcomes."

"Our study further investigates the relationship between racial and ethnic diversity and 
group outcome and reports the first large-scale study on racially and ethnically diverse 
groups in collaborative online environments."

"The relationship between the diversity of members in a collaborative group and the 
collaborative group outcome may be different in online groups than in offline groups 
(Martins et al. 15)."

"Our study differs from previous diversity studies in two main concepts: First, this is the 
first study that analyses collaborative group members’ diversity from a racial and ethnic 



point of view in GitHub."

"We study the relationship between the diversity of race and ethnicity members in a 
collaborative group and the frequency of their collaborative contributions."

Experimental Design

"Step 1 – Creation of the collaborative network graph: To identify different developers who 
have collaborated in a GitHub project, we used the idea of a collaborative network graph 
based on pull request/issue comments, which has been used in previous research works 
(Ortu et al. 16; El Mezouar et al. 17)."

"In Step 3, we extracted the members of the collaborative groups within a project by 
identifying the completely connected components or cliques of three or more developers."

"Following Vasilescu et al. (18) to measure diversity reliably, we only considered those 
groups for which we were able to infer race and ethnicity for 75% of the group members."

"Following Vasilescu et al. (18), for the collaborative groups with members for whom we 
were not able to infer race and ethnicity, the measure only considers the fraction of the 
group for which we could infer the race and ethnicity."

Results

"The results show that among the 4, 570 collaborative groups, 27.74% (1,268/4,570) of 
them are homogeneous groups (i.e., comprised of developers of the same race and 
ethnicity), and 66.67% (3,047/4,570) of them are partially homogeneous groups (i.e., have 
a majority of developers belonging to the same race and ethnicity)."

"Among the 4, 570 collaborative groups, the API race and ethnicity has the highest number 
of collaborative groups 30.56% (1,397) of which API developers are a minority."

"The results show that homogeneous and heterogeneous groups, with respect to race and 
ethnicity, have different distributions of collaborative group members’ contributions."

"This relationship has an estimate of 0.224 indicating that for an increase in race and ethnic 
diversity, the group’s collaborative contributions increase by a factor of 0.224."

Discussion

"These results highlight a more serious issue: developers of other racial and ethnic groups 
may not be proportionally represented in GitHub communities, especially when forming 



collaborative groups to develop OSS."

"We failed to infer the race and ethnicity of 13.51% of the developer population in 
collaborative groups in GitHub."

"Our results align with these previous works as they indicate that collaborative groups 
formed by members of more than one race and ethnicity (heterogeneous groups) have a 
statistically significantly higher median number of collaborative contributions than groups 
formed by members of the same race and ethnicity (homogeneous groups)."

"RQ2.2: Racial and ethnic diversity among the collaborative group members has a 
statistically positive relationship with the group contributions in GitHub In our model, 
racial and ethnic diversity has a statistically positive relationship with group members’ 
collaborative contributions."

"Our study provides initial insights into racial and ethnic diversity’s benefits to the group 
when collaborating in OSS development."

Threats to Validity

"Construct Validity We use tools like Name-Prism and Stanford Entity detector to estimate 
developers’ race and ethnicity."

"In spite of this, we are only concerned with the digital footprint or the race and ethnicity -
that is how a developer’s race and ethnicity is by another developer."

"Name-Prism (Ye et al. 19) uses broad racial and ethnic categories which may be a threat 
because predominant races and ethnicities may vary depending on the country."

"Since there is no solid ground truth that we can use here, we followed the previous 
research which has used the same number of words for extracting the personality traits of 
developers in contribution in GitHub (Iyer et al. 20)."

"We estimate developers’ race and ethnicity based on their names using the Name Prism 
Tool (Ye et al. 19)."

"We are only concerned about the developers’ gender and developers’ race and ethnicity."

Conclusion

"This paper has conducted a large-scale empirical study on the relationship between racial 
and ethnic diversity of peer members in collaborative groups and the frequency of their 



contributions in GitHub by analyzing 4, 570 collaborative groups."

"We computed the racial and ethnic diversity of the collaborative group members using 
their Blau Index."

"Heterogeneous collaborative groups have a higher median number of collaborative 
contributions than homogeneous groups; and (3) racial and ethnic diversity among the 
group members has a statistically positive relationship with group contributions in 
GitHub."

"It will help create awareness of developers’ racial and ethnic distribution in GitHub 
collaborative groups."

"We have provided evidence that racial and ethnic diversity could improve collaborative 
contributions."

"Our work provides a quantitative analysis of collaborative group members’ racial and 
ethnic diversity and their collaborative contributions in GitHub."
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Abstract-Summary

"The challenge is to design, integrate, and evaluate VR simulation for manufacturing 
Systems that improves the effectiveness of the planning process."

"We describe the VR system setup and the integration of hardware and software to 
produce high-fidelity virtual simulation for manufacturing planning purposes."

"The designing guidelines are demonstrated by a high-fidelity VR simulation of a stamping 
process."

"This paper assesses the factors that affect overall fidelity of the VR simulation."

"Objective evaluation of the VR simulation was conducted using the fidelity framework and 
the scales, whereas the subjective evaluation methods used were VR-simulation-driven 
data interpretation."

"The VR simulation was evaluated by a selective sample of 33 senior engineering students 
using a highly reliable scale (Cronbach’s Alpha = .93) questionnaire that was designed to 
evaluate functionality, performance, and experience."

"The realism and sensory systems factors were found to be the main significant factors 
affecting the fidelity of the VR system."

Introduction

"Several studies have shown VR technology as the basis of visualization for virtual 
prototyping, assembly planning, process simulations, and layout planning (Abidi and 
others 21; Akpan and others 22; Al-Jundi & Tanbour, 23; Damiani and others 24; Bendul & 
Blunck 25; Bordegoni & Ferrise 2013; Büttner and others 26; Cecil and others 27; Cipresso 
and others, 2019; Dorozhkin and others, 2012; Kesavadas & Ernzer 28, 29; Mourtzis and 
others, 30; Srinivasan and others 31; Söderberg and others, 32; Taylor and others 33)."



"Several contributions were made by researchers to evaluate fidelity of VR systems."

"VR technologies are still under development, but measuring the fidelity of VR systems is 
still not comprehensive enough to address all human-sensory systems."

"There is a need for multipurpose VR simulation that used for manufacturing planning at 
different levels of product, process, and operations."

"This paper introduced new approaches, techniques, and evaluations of VR simulations in 
manufacturing planning."

"The development of the VR simulation was based on applying and combining a DT concept 
and virtual planning process requirements."

"The VR simulation enables users to simulate the manufacturing system and use it for 
different purposes, such as product prototyping, process planning, layout planning, and 
training."

Methods and guidelines

"A complete virtual manufacturing planning process includes creating, visualizing, and 
optimizing the whole transformation process from a raw material stock into a desired 
product."

"In the era of digital manufacturing, 3D modeling and computer graphics techniques are 
being used to develop virtual models for manufacturing simulation."

"Simulation of the VR manufacturing system is a powerful decision support system in 
manufacturing process planning and scheduling."

"The simulation was developed to enable users to visualize, validate, and verify the car 
door inner panel's designs and its manufacturing processes by direct demonstration."

"The following are the outcomes from the implementation of the VR simulation 
requirements identification process: a) Include a detailed design drawing of the chosen 
complex product and descriptions, including CAD drawings, digital bill of materials, 
appearance, dimensions, and surface finishes."

"The 3D models were imported into Unity to construct a complete virtual factory for car 
door inner panels, and design VR audio."



Implementation

"Research investigating the benefits of high-fidelity VR systems suggests that upgrading 
and improving one or more critical factors of fidelity can improve the overall performance 
of VR simulation (Rosa and others, 34)."

"The digital sensory system is considered the main aspect that affects the overall fidelity of 
the VR experience, specifically the visual system fidelity."

"Several contributions in multisensory VR simulations that involve visual, auditory, and 
haptic systems suggest the benefits of using the digital sensory systems in improving the 
overall fidelity of VR systems."

"Research investigating the benefits of high-fidelity VR systems suggests that upgrading 
and improving one or more critical factors of fidelity can improve the overall performance 
of VR simulation (Rosa and others, 34)."

"We can notice that the auditory system’s fidelity has negatively affected the overall fidelity 
of the digital sensory system.3.2 The subjective evaluation of the VR simulation was 
performed into two phases."

Results

"The fidelity of presence was (M = 5.13) for the four factors, while the fidelity mean of this 
specific question was found to be (M = 5.15) which indicates the accuracy of results."

"Fidelity has a statistically significant negative relationship with distraction factor (r 
= -0.60, p < 0.001)."

"The sensory systems fidelity has the most significant positive relationship with immersion 
and presence among other factors of presence sensory systems factor (r = 0.75, p < 0.001), 
(r = 0.92, p < 0.001)."

"The fidelity correlations were found for presence (r = 0.99, p < 0.001), immersion (r = 
0.81, p < 0.001), control factor (r = 0.84, p < 0.001), realism factor (r = 0.88, p < 0.001), and 
sensory systems factor (r = 0.92, p < 0.001)."

Discussion

"To create a high-fidelity VR content for manufacturing planning at product, process, and 
operations level, it requires an accurate configuration and integration of the VR system."



"The results of this study provide an assessment of the effectiveness of collaborative 
manufacturing planning processes with high-fidelity, using VR technology."

"The findings shown that the fidelity in questions designed to evaluated the performance of 
VR simulation in manufacturing planning process were high, such as “RF16_The virtual 
factory seemed more efficient for planning purposes than the real world traditional 
methods,” “SF9_The performance in the manufacturing planning process is more effective 
using virtual reality compared with other traditional methods,” and “RF4_I learned how the 
inner panel of the door can be manufactured and assembled”."

"These results indicate that the fidelity of VR simulation for manufacturing planning 
processes were found to be high-fidelity."

Conclusions

"We presented a method for manufacturing planning using VR technology along with 
implementation of this method through high-fidelity VR simulation that is designed to plan 
manufacturing at product, process, and layout levels."

"We discussed the technical infrastructure necessary to design a high-fidelity VR system for 
manufacturing planning."

"We described a basic VR system and how it may be used for this purpose and then 
extended this system by introducing the VR system setup, digital manufacturing planning 
process, and integration of hardware and software to produce a high-fidelity virtual 
simulation for manufacturing planning purposes."

"The focus in measuring fidelity of the VR simulation was concentrated on the digital 
sensory system fidelity as it was assumed to be the most significant factor affecting fidelity 
in the manufacturing planning process."

Directions for future work

"The design and implementation of the VR simulation for manufacturing planning 
presented in this paper has demonstrated the successful overcoming of several challenges 
related to the development, implementation, and evaluation of a virtual factory using VR 
technology."

"One such improvement would include expanding the study to involve industry experts 
working to improve the credibility of the fidelity framework and the scale presented to 
evaluate the fidelity of VR systems."



"A potential expansion of the presented work in this study could utilize the linkage of the 
virtual factory VR simulation with a real manufacturing environment."

"Deploying VR in CAE results visualization could reduce the potential for errors in design."

"Because designing VR simulation requires cooperative efforts from engineers, cognitive 
scientists, psychologists, and expert artists and animators, this collaboration between 
different disciplines would enrich future research results."
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Abstract-Summary

"With popular and often contentious fields like artificial intelligence (AI), a slew of 
technical and functional (used here to mean primarily “non-technical”) approaches are 
continually developed by diverse organizations to bridge the theoretical-practical divide."

"Technical approaches and coding interventions are useful for programmers and 
developers, but often lack contextually sensitive thinking that incorporates project teams 
or a wider group of stakeholders."

"Contrarily, functional approaches tend to be too conceptual and immaterial, lacking 
actionable steps for implementation into product development processes."

"Despite best efforts, many current approaches are therefore impractical or challenging to 
use in any meaningful way."

"After surveying a variety of different fields for current approaches to technology ethics, I 
propose a set of originally developed methods called Structured Ethical Techniques (SETs) 
that pull from best practices to build out a middle ground between functional and technical 
methods."

Introduction

"Many notions of technology ethics have grown out of the AI discipline and AI ethics 
comprises a large portion of current “technology ethics” focuses, discussions, and 
regulations."

"It’s easy to conceptualize ethical quandaries that AI face because they often involve the 
same decisions and tradeoffs that humans must face."

"The applications of AI involve many high stakes decisions that beg exigent ethical 
questions and warrant careful ethical analysis."

"Much of the discussion over ethical AI is in the healthcare field, where ethical decisions 
around AI involve people’s medical treatment and well-being [35]."

"The AI ethics sub-discipline can be illustrative of how technology ethics may be shaped 
and continue to emerge across other disciplines."

"Much of the below background therefore uses the evolving field of AI ethics as a prime 
example of technology ethics research and methods."



Background of field and research efforts

"Some technology ethics questions are readily answered using more technical methods, 
while some require more human deliberation and action."

"Given the widely varying sophistication, depth, and contexts of existing methods, it’s 
impractical to highlight all the attempts that have been created across many technological 
domains to address ethical questions."

"Functional methods might include these conceptual frameworks that help or encourage 
companies to draft ethical AI principles."

"Some functional methods go beyond conceptual principles, questions, and ethical 
checklists by embedding these elements into more formalized strategies for ethical 
reasoning."

"Because we’ve been using AI as an example, but AI does not encompass the entire field of 
technology ethics, this paper does not address the most technical end of the continuum; 
many technical tools that involve programming, algorithmic model tuning, and statistical 
analysis of data."

Introduction to SETs

"Some of the main reasons SETs are useful are because they make the traditionally implicit 
or obfuscated process of ethical reasoning explicit through comparisons and 
visualizations."

"These criticisms of SATs are useful to underscore because they help frame how SETs 
acknowledge these similar gaps in ethical reasoning and attempt to mitigate them where 
appropriate."

"SETs encourage the ethical reasoner to consider the role of bias in their technology and 
simply make it explicit."

"This is a feature, not a flaw, of SETs and other ethical reasoning methods."

"Ethical reasoning in technology can contribute to better business outcomes, and SETs 
strive to be a great way among other methods to do so."

"SETs and other ethical reasoning methods can’t be easily measured in terms of the 
probability that they get a technology to an ethical ideal, let alone define an ethical ideal 



themselves."

Examples of SETs

"The SPF is primarily designed to answer the question "How will I identify and engage 
stakeholders to ethically evaluate my technology?""

"The SPF also, like other SETs, forces the user to both identify underrepresented voices and 
to make clear why any particular stakeholders might not be represented in their ethical 
evaluation."

"The ERIT seeks to answer the question “What ethical risks does my technology bring, and 
how do they impact my stakeholders?”."

"A piece of the required documentation to prove ethical ramifications of developed 
technology have been considered, show identified risks, and to provide the required audit 
trail."

"EFA answers the question “Can the measures and strategies I put in place mitigate ethical 
risks posed by my technology?""

"It helps users consider and document how perceived ethical risks weigh against their 
mitigation strategies for those risks."

Conclusion

"This paper has discussed ethical reasoning as inherently restrictive, SETs provide an 
opportunity to increase benefits and prevent harms to technology organizations and their 
stakeholders."

"SETs are of course not a silver bullet for technology ethics."

"Depending on the specific project or technology development environment, SETs may not 
completely address the need for ethical reasoning."

"Just like the many technology ethics certifications, checklists, and other frameworks that 
exist, it’s a mistake to assume that using SETs completely fulfills requirements for ethical 
thinking."

"Considering this, SETs should be viewed as another approach to technology ethics in the 
ever-growing compendium of methods that can be adopted and honed by technologists; all 



contributing toward the same goal."

"On the flip side, SETs seek to foster ethical technology development from its inception, 
through a bottom-up approach."

The use of QCA in science, technology and innovation studies: a review of the literature and 
an empirical application to knowledge transfer [82]

This is a machine-generated summary of:

Fernández-Esquinas, Manuel; Sánchez-Rodríguez, María Isabel; Pedraza-Rodríguez, José 
Antonio; Muñoz-Benito, Rocío: The use of QCA in science, technology and innovation 
studies: a review of the literature and an empirical application to knowledge transfer [82]

Published in: Scientometrics (2021)

Link to original: https://doi.org/10.1007/s11192-021-04012-y

Copyright of the summarized publication:

The Author(s) 2021

License: OpenAccess CC BY 4.0

This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article's Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/ .

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 



from.

Abstract-Summary

"This article analyses the use of qualitative comparative analysis (QCA) in social studies on 
science, technology and innovation."

"The article finds that the acceptance of QCA is unevenly distributed in the major research 
fields related to knowledge production."

"It is used mainly to study innovation in firms but is largely absent in science and 
technology studies."

"The article offers an account of challenges and directions for future research and discusses 
the possibilities of the method as a third way between qualitative and quantitative 
traditions in science, technology and innovation."

Introduction

"There has been a marked division between qualitative and quantitative approaches in 
social studies on science and technology (Leydesdorff, 36)."

"The research field of Science and Technology Studies (STS) has preferred to observe 
knowledge-building processes through interpretative analyses."

"Scholars in this field often concentrate on phenomena which enable the application of 
reflexive strategies to observe meanings, interests and social processes in the construction 
of science and technology (Edge, 37; Martin and others, 38)."

"The more transversal research field of Science Policy and Innovation Studies (SPIS) is 
more interested in knowledge production and application with a practical orientation 
towards policy and management."

"Quantitative studies on science and technology as a distinctive research field (including 
bibliometrics) are usually closer to the latter in methodological issues and practical aims."

"QCA can also be used as a strategic methodology to combat the customary division 
between qualitative and quantitative traditions in the broader area of science, technology 
and innovation (STI hereinafter)."

Background: what QCA is and why it is important for science, technology and 



innovation studies

"Unlike quantitative analysis, which is based on a significantly high number of cases, and 
qualitative analysis based on direct observations and interpretations of complex facts, QCA 
enables a small number of case studies to be used simultaneously through a procedure of 
explanatory analysis susceptible to formalization, making it easy to implement through 
software."

"QCA explores how combinations of conditions form the pathways to a certain outcome, 
instead of analysing the individual impact of independent variables on dependent ones."

"In phase 1, the researcher defines the conditions and outcomes, grounded in previous 
hypotheses, and the calibration or measurement criteria that must be considered when 
coding (Ragin, 39; Rihoux & Marx, 40)."

"The possible sets that represent necessary and/or sufficient conditions provide individual 
analysis of the conditions, as well as the logical combinations or configurations."

Literature review: an exploration of the use of QCA in science, technology and 
innovation studies

"In order to be included, an article had to focus on meaningful topics for science, 
technology and innovation, or related activities, levels of analysis and sectors."

"There are a few articles in the leading journals in the research field of innovation studies 
(SPIS)."

"Neither did we find any related article in the top journals in the STS research field (Social 
Studies of Science, Science Technology and Human Values, Minerva, etc ), nor in journals 
specializing in quantitative science and technology studies (Scientometrics and others)."

"Given the concentration of existing research, our strategy was to assess the use of QCA in 
significant domains of science, technology and innovation (not only innovation), and in 
different sectors (not only firms)."

"To select the remaining articles, we scrolled down the ranking in each conceptual category 
until finding at least the same number of studies that highlighted other levels of analysis 
(individual/team, project, territorial) and other sectors (university, research centres, 
public administrations, societal/civic society)."

An empirical application: the study of university–industry relationships in 
innovation systems



"Knowledge transfer, broadly understood as the process by which actors (individuals or 
groups) use knowledge produced in a different organizational or institutional domain 
(Bozeman and others, 41), is a difficult phenomenon to observe."

"Knowledge transfer is especially difficult to observe in SMEs."

"There is a marked contrast between the evidence available from high-tech firms and SMEs, 
particularly in terms of the factors that influence knowledge acquisition from universities 
(Corral de Zubielqui and others, 42; Dada & Fogg, 43; Poorkavoos and others, 44)."

"Although regional development is the objective of many universities, it is difficult to know 
how knowledge transfer really takes place (Fernández-Esquinas and others, 45)."

"Many universities are surrounded by SMEs that find useful resources in nearby 
departments and research groups, and many researchers are associated with them both 
formally and informally."

"Qualitative observations alone have some limitations for explaining the determinants of 
knowledge transfer (Álvarez-Coque and others, 46)."

Research site

"Knowledge transfer activities are carried out thanks to the legal possibility for university 
professors to enter into contracts with firms."

"We have used 40 case studies of firms of various sectors, sizes, ownership and types of 
link with the university that represent different forms of knowledge transfer and 
conditioning factors."

"Our initial criterion to specify the observational outcomes was to focus on firms that have 
a contractual relationship with the university for both original R&D and services, compared 
to those that do not."

"We acknowledge that empirical research on science and industry relationships uses a 
large array of detailed variables for exploring influences on knowledge transfer, including 
information about productive sectors, technological content, organizational characteristics 
of firms and universities, finance and the internal structure of projects (Perkmann and 
others, 47)."

Analysis and results

"The main conclusions from the consistency column are as follows: Of the firms that have 



undertaken a project (PROJ), 89% have a special presence of university graduates (QUAL), 
67% have an R&D (RDDPT) department, 78% produce technology (TECPROF), 100% have 
contacts with university professors and 67% have sufficient information about 
collaboration mechanisms (INFO)."

"Of the firms that have entered into a service contract, 83% have a special presence of 
university graduates (QUAL), 75% have an R&D (RDDPT) department, 58% produce 
technology (TECPROF), 100% have contacts with university professors and 58% have 
sufficient information about collaboration mechanisms (INFO)."

"The overall results of the analysis are interpreted through combinations of attributes in 
firms that appear as necessary or sufficient conditions for the existence of a project or 
service contract with the university."

"For R&D projects we found only one option: the combination of personal contacts with 
university professors and a technological profile."

Discussion: some challenges and directions for future research

"Potential problems often do not stem from the technical and financial practicalities of 
performing a study on a small number of cases and different sources of information 
accessible to a wide range of researchers."

"There is a need to develop theory that can account for the complexity of configurations, 
given that even with a small number of cases the theoretical combinations are extremely 
high (Fiss and others, 48)."

"In order for this potential limitation to be considered, some studies recommend 
combining QCA with other methods to take into account the rationale of causal 
mechanisms and processes at work behind the conditions in the cases (Kraus and others, 
49; Schneider & Rohlfing, 50)."

"Because of sensitivity to complexity, the ability to analyze small and medium groups of 
cases and the coverage of various types of information and units of analysis, several forms 
of added value can be identified for science, technology and innovation."

Conclusions

"These results have several implications for the use of data and methods in the social 
studies of science, technology and innovation that go beyond the application of QCA."

"An important question is whether this approach to configurational logic and causality fits 
with our understanding of the production, application and distribution of knowledge 



(instead of, or in combination with, other meta-theoretical approaches based on GLM in 
which each variable is assumed to be capable of influencing the level of probability 
regardless of the values of other variables)."

"The potential application of QCA in science, technology and innovation studies is closely 
related to how the above challenges are addressed."

"Inclusion in the established toolkit of scholars exploring scientific knowledge production, 
technology and different kinds of innovations will depend on the research community’s 
meta-theoretical assumptions and methodological preferences when addressing typical 
problems."
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Abstract-Summary



"Perceived diversity in Software Engineering has been recognized as a high-value team 
property and companies are willing to increase their efforts to create more diverse work 
teams."

"Less is known about how other perceived diversity factors such as race, nationality, 
disability, and age of developers are related to Software Engineering."

"Through a systematic literature review, we aim to clarify the research area concerned with 
perceived diversity in Software Engineering."

"Our goal is to identify (1) what issues have been studied and what results have been 
reported; (2) what methods, tools, models, and processes have been proposed to help 
perceived diversity issues; and (3) what limitations have been reported when studying 
perceived diversity in Software Engineering."

"Our ultimate goal is to identify gaps in the current literature and create a call for future 
action in perceived diversity in Software Engineering."

"Perceived diversity aspects related to SE participants’ race, age, and disability need to be 
further analyzed in Software Engineering research."

Introduction

"Recent studies have shown that SE teams have problems associated with perceived 
diversity aspects in both industrial and Open Source Software (OSS) environments."

"Through a Systematic Literature Review (SLR) we analyze the previous studies that have 
been published until May 2020 on the topic of perceived diversity in SE."

"There are five literature reviews for some perceived diversity aspects in SE previous to 
our SLR."

"Our SLR differs from the previous SLR because (i) we analyze studies that address not only 
gender and cultural – in our SLR, culture is a sub-dimension inside nationality – diversity 
but other software perceived diversity aspects (e.g., age, and race), and (ii) we summarize 
the outcomes studied and identify gaps in the literature."

"Researchers in SE can use these studies as the basis of future investigations into perceived 
diversity."

"Researchers and practitioners can use these results to assess perceived diversity in their 



teams."

Background and Related Work

"Previous to our SLR, five literature reviews have analyzed gender diversity in SE."

"Our SLR differs from the systematic mapping because our study largely explains the 
outcome of the papers."

"Another difference is that the systematic mapping includes papers related to software 
management and agile methodologies but our SLR does not."

"The closest study to ours is the SLR by Menezes and Prikladnicki (51) which aims to 
analyze the characteristics of diversity in SE through a systematic literature review."

"Their SLR included 29 papers and their findings relate the types of perceived diversity 
with a SE domain."

"Our SLR includes the 29 papers from Menezes and Prikladnicki’s SLR (51) and goes 
further to identify not only the SE domain, but also the type of study, the tools, methods, 
and processes proposed."

Systematic Literature Review Methodology

"Our purpose is to help researchers and practitioners to identify what has been studied so 
far, what has been proposed to help foster perceived diversity in SE, and what are the 
limitations and threats faced in previous SE perceived diversity studies."

"Motivation With this question our goal is to depict an overview of the perceived diversity 
state-of-the-art in SE and help researchers and practitioners to better understand what has 
been studied and what are the results of these studies."

"Motivation With this question we aim to help researchers identify the threats to validity 
and limitations that previous studies have faced when studying perceived diversity in SE."

"The inclusion criteria for studies to be included in our SLR are: We included studies that 
analyze any perceived diversity aspect related to SE."

"We removed discussion papers, i.e., those papers studying the perceived diversity in a 
psychological, social, or philosophical context because they were not related to SE 
activities."



Results

"We report gender differences based on women and men as the studies included in this SLR 
only reported differences based on these two genders."

"Other studies report gender differences during code review practices indicate that (1) 
accepted pull requests submitted by women and men provide similar descriptions in terms 
of length, and generate a similar number of discussions [SLR(Imtiaz and others 52)], (2) 
when both genders are known, women tend to have contributions accepted more often 
than men when they the contributors are from insiders to a project, but men’s acceptance 
rates are higher when the contributors are from outsiders to a project, [SLR(Terrell and 
others 53)], (3) while women concentrate their work across fewer projects and 
organizations, men contribute to a higher number of projects and organizations 
[SLR(Imtiaz and others 52)], (4) there are gender differences in the use of positive opinion 
words, emoticons, and expletives during the code review as while men tend to express 
more positive/negative sentiments, women tend to express more neutral comments 
instead of expressing strong sentiments [SLR(Paul and others 54)], and (5) men and 
women follow different comprehension strategies when reading source code [SLR(Zohreh 
Sharafi and others 55)]."

"Studies on SO reported that (1) men and women posted equally as often in that platform, 
but men post statistically significant a higher number of posts [SLR(Kuechler and others 
56)], and (2) there are significant gender differences in the participation and success in 
SO."

"Studies analyzing industrial workplaces indicate that (1) the gender of software engineers 
was a statistically significant predictor of self-rated productivity as software engineers who 
identified themselves as women and who selected to write their gender identity reported 
significantly higher self-rated productivity than men [SLR(Murphy-Hill and others 57)]; (2) 
gender diversity has a significant positive effect on performance [SLR(Gila and others 58)], 
(3) while the self-perception in men’s end-user debuggers is positively correlated with the 
debugging performance, the self-perception in women’s end-users is not correlated 
[SLR(Chintakovid and Wiedenbeck 59)], (4) women do not seem to be willing to 
acknowledge their own performance in software development teams, but their 
performance is highly regarded by their teammates [SLR(Bastarrica and Simmonds 60)], 
(5) all professional software developers, both men and women, have implicit gender biases 
which may impact their decision-making on the evaluation of other developers’ 
contributions [SLR(Yi and Redmiles 61)], and (6) there is a gender pay gap of 18% in a UK 
company in which only 11% of senior positions were taken by women [SLR(Kirton and 
Robertson 62)]."

Discussion



"This SLR shows that perceived diversity studies in SE have critically reflected upon 
practices, methods, and even tools concerning inequality issues in both the development of 
software and the social aspects of the software."

"While most of the studies analyzed in this SLR have shown social issues related to gender, 
less has been done to research how racial, age, and nationality diversity relates to SE."

"The study of nationality diversity can help to identify the benefits of developing software 
in a cross-cultural environment and how to solve cultural issues."

"In this SLR, most of the studies about nationality diversity have shown that collaboration 
between industrial organizations from different cultures may raise misunderstandings, 
discomfort, or cultural issues that may end with people leaving the organization."

"Casey [SLR(Casey 63)] studied the implications of misunderstanding and not addressing 
cultural differences in an Irish multinational organization that off-shored part of their 
software development process to Malaysia."

Threats to Validity

"Although we believe we have analyzed the most important papers in perceived diversity 
in SE so far, we may have missed some relevant studies due to language constraints, and 
thus underestimate the extent of perceived diversity research in SE."

"Although we might have missed some important papers due to the search strings we used 
in Google Scholar and IEEE database, we have contacted field experts in the perceived 
diversity area to assess our SLR and minimize the number of important studies missed."

"Although we have analyzed more than one hundred papers that addressed some perceived 
diversity issues in SE, we cannot claim that our results can be generalized outside the SE 
community."

"For the analyses of our SLR, we have extracted as much data as possible from the 131 
papers: publication year, authors, venue, type of publication, SE activity done in the paper, 
and purpose."

Conclusion

"We first defined the four perceived diversity aspects (gender, age, race, and nationality) 
considered in this SLR and then analyzed what 131 previous studies have discovered and 
proposed to increase the awareness and reduce the bias of these four perceived diversity 



aspects in SE."

"With this SLR we aim 1) to assist the SE community with the understanding of the 
different factors that may influence the engagement and permanence of diverse developers 
working in software engineering; 2) to identify different methods used to improve 
perceived diversity in teams, and 3) to be aware of the threats to validity and limitations 
that previous studies have."

"Our SLR indicates that race has been the perceived diversity aspect least studied in SE and 
they should be further studied."

Being a Mentor in open source projects [84]

This is a machine-generated summary of:

Steinmacher, Igor; Balali, Sogol; Trinkenreich, Bianca; Guizani, Mariam; Izquierdo-Cortazar, 
Daniel; Cuevas Zambrano, Griselda G.; Gerosa, Marco Aurelio; Sarma, Anita: Being a Mentor 
in open source projects [84]

Published in: Journal of Internet Services and Applications (2021)

Link to original: https://doi.org/10.1186/s13174-021-00140-z

Copyright of the summarized publication:

The Author(s) 2021

License: OpenAccess CC BY 4.0

This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included in the article’s Creative 
Commons licence, unless indicated otherwise in a credit line to the material. If material is 
not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this licence, visit 



http://creativecommons.org/licenses/by/4.0/ .

If you want to cite the papers, please refer to the original.

For technical reasons we could not place the page where the original quote is coming 
from.

Abstract-Summary

"Mentoring is a well-known way to help newcomers to Open Source Software (OSS) 
projects overcome initial contribution barriers."

"Despite the importance of OSS mentors, they are understudied in the literature."

"Understanding who OSS project mentors are, the challenges they face, and the strategies 
they use can help OSS projects better support mentors’ work."

"We employ a two-stage study to comprehensively investigate mentors in OSS."

"We identify the characteristics of mentors in the Apache Software Foundation, a large OSS 
community, using an online survey."

"Through interviews with OSS mentors (n=18), we identify the challenges that mentors 
face and how they mitigate them."

Introduction

"Past work has shown that identifying appropriate tasks for newcomers is one of the key 
challenges that mentors face [66], therefore, in this research question, we conduct a deeper 
investigation of (a) the specific challenges related to task recommendation and (b) the 
strategies mentors employ to overcome them from the interviews."

"Scientifically identifying challenges and strategies that mentors adopt to support 
newcomers can help OSS communities, mentors, and researchers create better tools and 
processes to support mentorship."

"Our contribution is a comprehensive view of: 1) the characteristics of mentors in a large 
OSS community and how they differ from non-mentors; 2) the challenges mentors face to 
support newcomers onboarding to OSS projects; 3) the challenges of recommending tasks 
for newcomers; and 4) the strategies mentors employ to mitigate these challenges."



Background

"To factual knowledge, mentors’ technical guidance helps mentees develop job-related 
skills [67–68]."

"Mentoring relationships are commonly employed in communities of practice, in which 
mentors provide mentees with support in developing the skills and competencies 
necessary for full and productive participation in the community."

"In OSS projects, the role of an OSS mentor is to support software developers in their 
technical activities —- e.g., explaining the architecture of the project’s software, 
recommending tasks, and assisting in software development activities."

"Besides helping in technical activities, mentors can encourage developers to improve their 
communication and collaboration skills [69]."

Method

"Stage, we interviewed mentors from the ASF and included mentors from several other OSS 
communities to provide a broad view of the mentors’ challenges and strategies."

"The survey comprised 25 questions, and we used for the present paper 10 of those 
questions, including how often the respondents contribute as mentors to the projects; if the 
contributor had a mentor when they started; gender; age; education level; experience as 
contributor; compensation (paid/mix/unpaid); and English proficiency for technical and 
social interactions."

"We recruited mentors from the Stage 1 survey who said they would be available for a 
follow-up interview."

"We interviewed 18 experienced OSS mentors, 10 from several OSS projects (P1-P10), and 
eight from the ASF community (P11-P18)."

"Interviews included a central question about the challenges that mentor faces while 
mentoring other contributors, and questions about how the mentor recommends tasks for 
newcomers."

Results

"According to P3, “to keep them [the newcomers] engaged you need […] to pick a task that 
is appropriate for them…, which can be a challenge for mentors.”"



"Two mentors reported that ADJUSTING INTERACTION STYLE TO DIFFERENT MENTEE 
PERSONALITIES is a challenge since mentors are likely to collaborate with diverse people 
who have unique personalities and working styles, as stated by P9: “[…] you always have to 
adapt based on each individual newcomer […] one solution doesn’t always work for 
everyone.”"

"Mentors also mentioned a DIFFICULTY TO KEEP THE MENTEES ENGAGED, because 
“people come, they fix their bug, and they go away.” (P16) Indeed, [70] showed that a great 
number of newcomers place a single contribution and do not return to the project."

Discussion

"When mentors assign tasks to newcomers, they need to filter them based on complexity 
and required skills."

"Our results indicate that expertise and skill identification (Prod2.7) is a key challenge for 
mentors who recommend tasks to newcomers."

"Mentors usually interact with newcomers to collect additional information to match their 
current skill level with the skills required for a specific project or task."

"We found that providing up-to-date and straightforward documentation of available open 
issues and precise tagging of available open issues are some techniques that OSS 
communities can utilize to support newcomers and mentors."

"We also identified a set of task recommendation strategies that mentors can use to 
recommend tasks to newcomers."

"Future work may focus on investigating how each challenge and strategy influence 
newcomers with different motivations [71], retention in the project, and assertiveness in 
recommended tasks."

Limitations and threats to validity

"We continued interviewing until we could not identify any new challenges or strategies in 
two interviews in a row."

"To increase the number of respondents in our study, we deployed multiple tactics to reach 
mentors, contact survey respondents, as well as reaching out to personal contacts (and 
snowballing) and previous contacts with Google Summer of Code mentors, social media 
posts, and OSS-related mailing lists."



"We are aware that the OSS universe is vast, and challenges and strategies can differ 
according to projects."

"Challenges and strategies may be different for companies, other online communities, and 
different types of users."

"Future research should focus on analyzing the commonalities and differences among 
challenges and strategies in different domains to build generalized models and theories 
about onboarding and mentorship in open collaboration communities."

Related work

"We provide more details about the existing literature related to mentorship in OSS 
projects, choosing appropriate tasks for newcomers, and strategies to support task 
recommendation."

"Although the literature shows some interest in OSS mentorship and approaches to support 
finding an appropriate task for newcomers, to the best of our knowledge there is no 
systematic identification of strategies that mentors employ to help newcomers select their 
tasks and the challenges they face in this process."

"Although the literature explores strategies for task recommendation in OSS projects, they 
rely on extensive manual work to tag the issue tracker since issue trackers usually either do 
not consider newcomers’ skills and interests or only work with developers who have 
previous experience in the project."

"We extend the existing literature by uncovering mentors’ strategies to recommend 
appropriate tasks for newcomers."

Conclusion

"OSS communities frequently rely on mentors to guide newcomers to become long-term, 
active contributors."

"We also identified 25 challenges faced by mentors in OSS projects."

"We identified 7 challenges that mentors face when recommending tasks to newcomers."

"We also identified 13 approaches to recommending tasks for newcomers."

"Our results provide initial insights about characteristics of mentors and challenges they 



face, and strategies they employ, which OSS communities and mentors can leverage to 
improve the current state of practice."
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Abstract-Summary

"Empirical studies focusing on the role of the scrum master in practice are scarce."

"We present and describe the scrum master’s role in agile projects in terms of (a) the 
grounded theory of the role of the scrum master which involves everyday activities of 
facilitating, mentoring, negotiating, process adapting, coordinating, and protecting; (b) the 
varying involvement of the scrum master in selected agile practices carried out by the 
team; and (c) a positive association between the presence of the scrum master and the 
frequency with which agile practices are carried out by the team."



"This study presents for the first time a multifaceted study of the multiple dimensions of 
the scrum master role and will enable practitioners to better manage expectations of this 
role in practice."

Introduction

"While key practitioner literature has stressed the centrality of the scrum master in agile 
projects (Sutherland and Schwaber 72), studies which investigate the role of the scrum 
master are limited."

"Answering these questions allows us to address the lack of knowledge regarding the role 
that scrum masters play in agile projects."

"In an endeavour to answer some of the questions around the scrum masters role, we 
present the results of a Grounded Theory study with a mixed methods approach to 
employing supplementary quantitative data in addition to the primary qualitative data."

"This study on the role of the scrum master in agile projects utilized: a) Grounded Theory 
to analyze qualitative data from over 45 h of semi-structured interviews with 39 software 
practitioners; and b) Statistical analysis such as crosstabulation and Chi-Square to analyze 
quantitative data from 47 questionnaire respondents who gave insights into the role of the 
scrum master."

Background

"The following section presents a literature review which traces the introduction of agile 
methods in the software industry and the role of the scrum master in agile software 
development projects."

"The scrum master serves the team by facilitating agile adoption, removing impediments, 
facilitating performance of scrum ceremonies, and coaching teams which are starting out in 
scrum (Sutherland and Schwaber 72)."

"Bass’ (73) empirical study identified six overarching activities performed by the scrum 
master: process anchor; stand-up facilitator; impediment remover; sprint planner; scrum 
of scrums facilitator; and integration anchor."

"There is a lack of an overarching study which takes a holistic view of the scrum master’s 
role in agile projects and which takes into account the different dimensions of the role."

"There still exists ambiguity around the role of the scrum master in agile software 
development as proposed in theory (Sutherland and Schwaber 72), (Schwaber and Beedle 



74) and identified in practice (Bass 73), (Noll and others 75)."

Research design

"We conducted a Grounded Theory (GT) study, into the role of the scrum master, with a 
mixed methods approach to employing supplementary quantitative data in addition to the 
primary qualitative data, within a pragmatic philosophical perspective."

"As our study looked to understand the intangible aspects of the scrum master’s role in 
agile projects, it was primarily qualitative in nature."

"It was decided to embed the quantitative strand for the following reasons: The 
questionnaire allowed us to form a picture of the interview participant’s project and the 
role of the scrum master in the project."

"The pre-interview questionnaire, created using Google Forms, was used to not only collect 
demographic data but also information on agile practices and involvement of scrum 
masters in these practices."

"The extent of participation and involvement of the scrum master in ten selected agile 
activities was gathered from the pre-interview questionnaire."

Findings

"Section 4.2.1 looks at the possible correlation between the scrum master being present in 
an agile project and the frequency with which an agile practice is carried out by the team."

"Section 4.2.2 deals with the level of involvement a scrum master has in selected agile 
practices carried out by the team."

"We ran a crosstabulation between two survey categories: a) The presence of the scrum 
master in the respondents project; and b) the frequency of agile practices carried out by 
the team."

"Another key aspect of the scrum master’s role identified in the qualitative phase of our 
study was to make sure that the team implemented agile practices and performed them 
regularly."

"The survey question, “what is the extent of the scrum master’s involvement in agile 
practices carried out by the team?”"



Comparing to related work

"The wide spread of the scrum master’s role as documented in our study is supported in 
the findings of recent empirical studies (Hoda and others 76), (Bass 73), (Noll and others 
75), where the scrum master’s activities encompassed both software development and 
project management activities."

"Our finding that the scrum master’s highest involvement is in mentoring activities is 
supported by other studies (Bass 73), (Noll and others 75)."

"While in our study, the coordinating and negotiating activities formed, however small, part 
of the scrum master’s role."

"Some of the key functions of the scrum master role (as mentioned in the Scrum Guide™) 
such as coaching, facilitating, ensuring scrum artefacts and events are followed, and 
removing impediments, are supported by our activities of mentoring and facilitating."

"Our protecting activity is supported by the Scrum Guide™ when it says that, “If others are 
present, the Scrum Master ensures that they do not disrupt the meeting”(Sutherland and 
Schwaber 72)."

Evaluation of the study

"This means the generated theory should closely reflect the data collected from 
participants."

"The codes and concepts which emerged from our analysis were closely related to the 
concerns of the participants, which is, regarding the role of the scrum master in agile 
projects."

"While our theory is specific to our research context, it can act as a predictor tool for the 
scrum masters role in ASD projects."

"Using our theory we can say that, depending on the project context, a high percentage of 
the scrum master’s role will involve facilitating and mentoring."

"Out of 47 survey respondents, 17% had the job title of scrum masters, whereas the rest 
were a diverse cohort of job titles."

"In the qualitative data collection, the percentages are different as participants chose to 
talk about multiple projects in which they quite often had acted as scrum masters."



Implications for practice and research

"Our study highlights the diversity of informal activities carried out by the scrum master, 
the varying involvement of the scrum master in agile practices, and the positive association 
between the scrum master’s presence and the frequency with which agile practices are 
carried out by the team."

"For organizations the range and depth of the scrum masters activities gives them a good 
guide to build a realistic job description when advertising for scrum master roles."

"For scrum masters, especially those who are new or transitioning into the role, the 
everyday activities will help set realistic expectations of their role."

"These activities are: Scrum masters will need to set the frame of reference for teams who 
are new to agile."

"While coordinating is a small aspect of the scrum masters role, in some projects, especially 
those that involve multiple teams or even specialists, this activity can assume a lot of 
importance."

Limitations

"A Grounded Theory study generates a “mid-ranged” theory which is limited to the contexts 
studied and remains open to modification based on new data to suit new contexts (Glaser 
77)."

"While the quantitative study looked at the level of involvement and possible association of 
the scrum master with agile practices, it did not measure the effectiveness of the scrum 
master in those activities."

"We believe that the topic of scrum master effectiveness is ripe for future research."

"One other limitation is that there could be factors other than the presence of the scrum 
master which could lead to certain practices exhibiting an increase in their usage by the 
team."

Conclusion

"We have presented a Grounded Theory study with a mixed methods approach to study the 
role of the scrum master in agile projects."



"A grounded theory of the role of the scrum master which explains that scrum masters 
perform six everyday activities which are: Facilitating: This activity involves the scrum 
master clearing obstacles and issues, facilitating the project teams functioning, and easing 
the team’s transition to scrum."

"Mentoring: Mentoring involves the scrum master empowering the team on the path of 
self-organization, educating the team and stakeholders in agile practices, and ensuring 
team adherence to agile practices."

"Coordinating: The key coordinating activities carried out by the scrum master are 
involving specialists in the project and coordinating collaboration between teams from 
different areas of the organization."

"Scrum masters need to be prepared to perform any of the six identified activities in agile 
projects."
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Abstract-Summary

"DSS are designed to support users in making more informed decisions in specialized tasks 
through more accurate predictions and recommendations."

"This mixed-methods user study contributes to the research on trust calibration by 
analyzing the potential effects of integrated reliability indication in DSS user interfaces for 
process management in first-time usage situations characterized by uncertainty."

"We found that while users stated that they need full access to all information to make their 
own decisions, reliability indication in DSS tends to make users more willing to make 
preliminary decisions, with users adapting their confidence and reliance to the indicated 
reliability."

"It is recommended that for the design of reliability indication practitioners consider 
displaying a combination of reliability information at several granularity levels in DSS user 
interfaces, including visualizations, such as a traffic light system, and to also provide 
explanations for the reliability information."



Introduction

"Decision support systems (DSS) aim to provide users with tools to enhance their decision 
making process for semi-structured or unstructured problems [2, 3, 4]."

"Process management in the construction industry represents one of the most challenging 
DSS application areas, as the involved tasks are characterized by high complexity [5] and 
thus would require sophisticated technological aids to support decisions [6, 7]."

"These forms of decision support systems are also increasingly introduced in the process 
management of construction projects."

"One of the most decisive factors for the acceptance and uptake of predictive DSS in general 
is the trust in the decisions and underlying knowledge base [4]."

"In construction and renovation projects, practitioners traditionally have limited trust in 
the underlying data [5, 8]."

"A major factor for the limited trust is the uncertainty and complexity of construction 
projects, which can be defined as “the chance of the occurrence of some event where 
probability distribution is genuinely not known” [9]."

Intended contribution and research questions

"The intended contribution of this paper is to demonstrate the effects of reliability 
indication on prediction strategies, decision confidence, trust, and acceptance in complex 
process management under unfamiliar and uncertain conditions."

"The specific research questions (RQ) are as follows: RQ1: Does the indication of reliability 
in Predictive decision support systems have effects on users’ (a) prediction strategies, and 
(b) confidence in these predictions in the context of renovation process management (and 
if yes, how can the effects be described)?"

"RQ2: Does the indication of reliability have effects on trust and acceptance of Predictive 
DSS in the context of renovation process management (and if yes, how can the effects be 
described)?"

"RQ3: Which and how much information should reliability indicators provide when 
integrated in predictive decision support systems for renovation process management, 
such that their users are optimally supported in calibrating their trust?"



Background and related work

"This is reflected by some of the adapted TAM versions that deal with automated and 
intelligent systems, also highlighting the role of trust as an important antecedent for user 
intention [10, 11]."

"Zhang and others [12] show that presenting confidence scores can enable calibration of 
users’ trust in an AI-assisted decision-making model, which can assist human experts in 
applying their knowledge to improve final decision results."

"For clinical decision support systems, [13] found that explanations did not always 
effectively support users in calibrating their trust, due to conflicts with usability and 
required efforts."

"Given the narrow perspectives taken by previous studies on trust calibration, there is not 
yet a clear indication on the impact of reliability cues on the user interface of a DSS overall, 
or on its impact on the usefulness and intention to use in specific application contexts."

Methodology

"In the prediction strategies task that address the effects of reliability indicators on users’ 
prediction strategies (RQ1) participants performed cost prediction tasks with a dedicated 
DSS experimental prototype and reported their reasoning and experience using the 
“thinking aloud method” [14]."

"In order to investigate the effect of reliability indication on decision strategies (RQ1), 
participants were asked to predict the costs of a renovation project phase and to provide a 
rating on the confidence in their decision."

"The interactions and experiences the participants made in this phase served as the basis 
for the two subsequent phases where participants reflected on trust and acceptance, as 
well as on their preference with regard to the future design of reliability indicators."

"In this final phase of the study, to address RQ3, participants were asked to share their 
preferences with regard to granularity and type of information for reliability indication."

Results

"In the conditions where data reliability indicators were shown (middle column), four 
participants consistently chose the moderate cost scenario, and four participants adapted 
the selection of the pessimistic, moderate and optimistic scenarios to the respective 
reliability level thus using the indicators for calibrating their reliance on the provided 



information in the DSS."

"Some participants stated that it is difficult to make a prediction without an indication 
about the reliability (P2): “If there is no reliability indicator, it is difficult to measure the 
prediction (P2)”."

"Regarding the difference between the presence and absence of reliability indication, 
several participants stated that their trust was increased if they have trust cues—or put in 
another way: “if there is no indicator then I cannot trust it at all” (P2)."

"The amount of data also played an important role, and therefore participants welcomed 
situations where it was indicated how many construction projects the respective 
recommendation was building upon (P2, P7)."

Discussion

"We will discuss the effects of reliability indication that this study identified in the context 
of previous literature, starting with a focus on users’ prediction strategies and their 
confidence in the predictions (thus addressing RQ1), followed by a discussion on trust and 
acceptance related to the overall system usage (RQ2)."

"The study also provides implications for the further operationalization of trust and 
acceptance measurement with regard to the comparative evaluation of reliability 
indicators in predictive DSS."

"This reflects well the above discussed results on the effects on prediction strategies and 
confidence: A predictive DSS is seen as more useful if it provides reliability indicators that 
support users in ’daring a prediction’ as this helps to adjust the prediction and confidence 
of the underlying data quality."

"A novel finding of this study is that predictive DSS for process management should provide 
reliability indication on several levels, aspects and granularities of the user interface."

Conclusions

"In line with the overall implication of persistently offering reliability indication in a DSS, 
especially if complementary rather than repetitive, relevant information should be 
provided at several different abstraction or granularity levels of the user interface."

"The exploration and inquiry of information granularity implies that exclusively providing 
one single reliability indicator at the top level (e.g., attached to the predicted overall project 
costs) may not support trust formation in most professionals."



"Future research should investigate usage situations that encompass longer usage times 
and that support final decisions based on more complete availability of context 
information, using, for example, an extended experience prototype that provides integrated 
simulated data about project performance, spatial and temporal simulations of a fictive 
project and more risk management procedures."

"In order to develop a more general concept of reliability indication in intelligent systems, 
future studies need to look beyond the process management of renovation projects."
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Abstract-Summary

"Utilizing various decision-making approaches can result in different results and confusion 



among DMs."

"This paper presents a novel MCGDM approach, double-weighted aggregated sum product 
assessment (D-WASPAS), under interval-valued Pythagorean fuzzy (IVPF) uncertainty."

"This approach considers three decision-making methods."

"The results of the ranking approaches are aggregated."

"This process starts with computing the objective weights of the ranking approaches and 
aggregating the outcome with the subjective weights of the approaches."

"The WASPAS method is applied to aggregate the obtained rankings and obtain a set of 
rankings for each DM."

"The second aggregation is utilized to aggregate the results for the DMs and reach a final 
set of rankings."

"The subjective and objective weights of the DMs are applied in the WASPAS to aggregate 
the results."

"Since the WASPAS method is utilized twice to aggregate the results, this approach is called 
D-WASPAS."

"A case study of the application of the proposed method shows that it is applicable to many 
multiple-criteria analysis and decision-making processes."

"The results are more reliable because various decision-making methods are taken into 
consideration, and it is a last-aggregation process."

"Double-weighted aggregated sum product assessment offers a novel decision-making 
framework that is applicable in real-world decision-making situations."

"Introducing this new decision-making framework and applying extended fuzzy sets would 
make the proposed method more widely applicable."

"The last-aggregation nature of this method avoids loss of cognitive information and 
assigning weights to the DMs, and the different ranking methods address the social 
cognition that leads to the judgments expressed and the final decisions."

Introduction



"Researchers have applied fuzzy sets to handle uncertain decision-making problems [15, 
16]."

"Farhadinia and Xu [17] introduced a fuzzy hesitant decision-making approach based on 
distance and aggregation."

"Tao and others [18] applied intuitionistic fuzzy sets in decision-making."

"It can be concluded that utilizing fuzzy sets to extend existing multi-attribute decision-
making (MADM) methods for handling real-world problems is a common approach."

"This method applies entropy to address the weights of the decision-making criteria."

"The weights of the DMs in both subjective and objective ways are considered to aggregate 
the group decision-making method."

"Review, the main novelties of this paper as compared to previous studies mentioned are 
as follows:The proposed decision-making approach is based on three different ranking and 
assessment methods."

"Both the subjective and objective weights of each decision-making approach are computed 
and used to aggregate the results of the methods."

Interval-Valued Pythagorean Fuzzy Sets

"The following formula is applied to denote an IFS called F in a universe of discourse (X): It 
should be noted that μF : X → [0, 1] depicts the membership degree of element x ∈ X to set F. 
νF : X → [0, 1] presents the degree of non-membership of element x ∈ X to set F. These 
values must satisfy the following constraint: An IFS that is called the degree of 
indeterminacy πF(x) is computed using These sets were initially presented by Atanassov 
[19]."

"The following is used to show a PFS F in a universe of discourse (X): It should be noted 
that μF : X → [0, 1] denotes the membership degree of element x ∈ X to the set F. In addition, 
νF : X → [0, 1] depicts the non-membership degree of element x ∈ X to the set F. The 
following constraint limits the values of μF and νF to acceptable values: It can be concluded 
that the degree of indeterminacy πF(x) is calculated as follows: However, these sets utilize 
single values to express degrees of membership, non-membership, and hesitancy."

The Proposed Methodology

"To address social cognition in group decision-making, this paper offers a new decision-



making method that addresses the importance of DMs coming from different cognitive 
backgrounds by using a weighted last-aggregation process."

"In the sixth step, the weight of each ranking approach is computed, and then, the rankings 
are aggregated by using the WASPAS method."

"After this, the results are normalized by using the following equation: This step applies the 
third method to rank the alternatives."

"As carried out in the previous steps, in this step, a similar method of weight computation 
is carried out to compute the weights of the DMs, which denote the importance of each DM 
in the final results."

"The aggregated weights of the DMs (AGDWk) are computed as shown below: The following 
is applied to aggregate the results for all the DMs and obtain the aggregated ranking scores 
for each DM: 0

Application in Sustainable Project Portfolio Evaluation

"The main reason for using various ranking approaches is to address the different ranking 
methods in order to reach a final result."

"The proposed method has resulted in three sets of rankings for each expert."

"To improve the aggregation method, it is necessary to correctly address the weights of the 
decision-making results."

"The subjective weights of each ranking approach, based on the opinions of the DMs, are 
set at 0.3, 0.3, and 0.4 for the proposed IVPF-EDAS, IVPF-EDAS, and IVPF-COADAP, 
respectively."

"After computing the weights, the next step aggregates the results using the WASPAS 
method."

"The second WASPAS is carried out in this step to finalize the rankings results by 
aggregating the opinions of the DMs."

"This section describes how the aggregation process unifies the results into a set of 
rankings."

Conclusion



"Both the objective and subjective weights of the decision-making methods were applied in 
the first WASPAS."

"This paper aggregates the judgments in a last-aggregation process that assigns weights to 
different DMs and methods based on all of the gathered information, in order to address 
social cognition in a group decision-making process."

"It was shown that including both the subjective and objective weights in the aggregation 
steps may allow more flexibility in expressing preferences in the decision-making process."

"The enhanced space to express degrees of membership, non-membership and hesitancy in 
interval-valued Pythagorean fuzzy sets permits domain experts to focus more clearly and 
accurately on expressing their agreement and disagreement as independent 
variables.3.Utilizing a last-aggregation approach makes this process more transparent for 
project decision-making."
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Abstract-Summary

"The study proposes a project management framework for power transmission projects 
based on project critical success factors."

"Power Transmission projects are often influenced by numerous critical success factors 
which support the organization to reach its intended goals with high efficiency."

"A total of 46 critical success factors are considered of strategy, risk, contract, information 
technology, and stakeholder."

"The outcome of statistical analysis by SPSS-25 reveals that Project success has a positive 
direct relation with strategy, risk, information technology, stakeholder and whereas, a 
contract has not directed relation."

"The contract has a significant indirect relation with project success."

"The proposed framework will support the alignment of project success with 
organizational goals through identified Critical Success Factors."

Introduction

"Infrastructure projects are very vital to almost all industry including the Power sector 
projects."

"The power transmission projects are the backbone of the power sector."

"Power Transmission projects are unique and with a well-defined timeline."

"Each project has different necessities and purposes regarding stakeholders and the type of 
project, the critical success factors are defined as legal needs."

"CSFs have different sets of factors based on project type and focus on the reliant method of 
the theory and practice of project management (Dvir and others 20)."

"Substation creation of power transmission projects and non-power projects have a few 
comparable essential capabilities, together with a manipulate control room constructing, 
firefighting pump houses, diesel generator rooms, converter rooms (for high-voltage direct 



current transmission), guardrooms, dormitory buildings, and worker house building (Pall 
and others 21)."

Related studies

"Objectives of projects (the iron triangle of time, cost, and scope), Objectives of business 
(proprietor’s expectation), and The objective of Social and environmental (local population 
expectation) This part of the observation displays a thorough evaluation of previous 
empirical studies and literature relevant to critical success factors (CSFs) area, which 
supports the existing research to conclude the success factors for the power transmission 
projects."

"A series of steps have been taken to discover and finalize the critical success factors (CSFs) 
of power transmission projects for the study in hand, and reflected as follows, First, critical 
success factors (CSFs) are diagnosed through the extensive literature evaluation, which is 
detected in earlier studies from the power transmission projects perspective and other 
construction projects."

"Although, maximum of the literature has neglected the effect of those factors on power 
transmission projects’ success."

"Strategy validates the factors that may also impact the project success, inclusive of, risk, 
contract, stakeholder, and information technology."

Research objective

"On literature review the factors are decided to cater to the following objectives of the 
research in hand: To find the critical success factor for power transmission projects."

"Developing a framework for the power transmission construction project through critical 
success factors."

Research methodology

"Even though 46 characteristics may not be sufficient and complete because of the wide 
importance and dynamic feature of the power transmission construction business."

"The important people profession on power transmission projects has been the “unit of 
evaluation” for the present study."

"370 survey forms were sent to 14 public & private companies in India that are working on 
power sector projects."



"These companies operate in India in different states, and they executed power 
transmission projects (substation/Line) since ten (10) years of consistency exist in 
industry revenue above Rs."

Results and discussion

"The independent variable strategy and mediator variables, risk, contract, information 
technology, and stakeholder all put together impact 41% (R2 = 0.41) on dependent variable 
project success."

"H1, Strategy significantly affects project success (p = 0.020)."

"H2, Risk significantly affects project success (p = 0.025)."

"H3, the Contract significantly affect project success (p = 0.162)."

"H4, Information significantly affects project success (p = 0.011)."

"H5, Stakeholder significantly affect project success (p = 0.046)."

"The planned model hypothesized the speculation that PT project success is because of 5 
major varieties of CSFs namely, strategy, risk, contract, information technology, and 
stakeholder."

"This framework discussed 46 critical success factors into six groups of variables are 
below: Project Success- Dependent Variables Strategy- Independent Variable Risk-
Mediator Variable Contract- Mediator Variable Stakeholder- Mediator Variable Information 
Technology- Mediator Variable"

Findings, implications, and limitations

"The study gives necessary input, i.e. (1) acknowledges the numerous factors responsible 
for success of power transmission projects in the available literature for the primary time; 
(2) groupings the valuable factors into 5 CSFs group namely; strategy, risk, contract, 
information technology, and stakeholder; (3) suggests a novel model that has the foremost 
necessary CSFs of project success, considering this is often first time within the literature of 
power transmission projects to place in different words, independent variable(strategy)
and mediator variables (CSFs) (risk, contract, data technology, and stakeholder) is thought-
about as an indicator of performance to advocate the power transmission projects; (4) 
unlocks the discussion and further thanks to the re-orientation of interpretation of project 
success in the available literature in step with totally different nature of projects."



"The findings suggest that (1) Agencies working on power transmission projects must look 
at proposed CSFs for the completion of the project successfully, (2) Project management 
professional can apply this model to enhance the project success given business and socio-
economic achievement, and (3) researcher and academician can gain knowledge on critical 
success factor for further research on power transmission projects."

Conclusion

"This study infers the relation and impact of CSFs regarding PT project success."

"Whereas the grouping of critical success factors (CSFs) into independent, mediator, and 
dependent variables in power transmission projects."

"Further, on evaluation and coding of these success factors, five important CSFs are 
classified as Strategy, Risk, Contract, information technology, and stakeholder."

"A significant positive association is verified through multiple regression analysis and 
Andrew F. Hayes Mediation Process Model-5, among project influence CSFs and power 
transmission project success."

"The above results conclude that the strategy, risk, information technology, and 
stakeholder have a straight direct relation with project success."
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Abstract-Summary

"We propose an approach and corresponding intelligent system called IIAG (Initial 
Interaction Assistant based on Game theory analytics), which identifies and advises its 
users about strategies for initial interactions with new remote collaborators."

"IIAG integrates game theory, decision models, and social factors with the collaborative 
traces mined from empirical project data to achieve this goal."

"When a user seeks IIAG’s advice, it simulates an individual’s decision processes to find the 
strategies that yield the best outcomes."

"The results show that IIAG can identify the payoff-optimal strategy with over 80% 
accuracy."

"IIAG can help OSS team members in making informed decisions about interacting with 
new remote collaborators."

Introduction

"Using game theory analytics and simulations of decision processes, IIAG can identify the 
best potential strategy which is supposed to maximize an OSS team member’s benefit from 
his/her interaction with a new remote collaborator."

"This work’s contributions are realized through the following five elements: The 
presentation of novel Data-Driven Game Theory analytics based on theoretical work; The 
design of IIAG, which is an example of Data-Driven Game Theory analytics; The 
implementation of the computational tool for IIAG, which can automatically identify proper 
strategies for OSS team members’ initial interaction; The evaluation of IIAG and its 
computational tool combining mining data from three large open source projects and user 
study, which demonstrates the approach achieves favorable performance on advising 
proper strategies for initial interactions; The user study demonstrating the usefulness of 



IIAG from the potential users’ perspective."

Theoretical background and related work

"The following two strategies will help overcome the limitation of abstract models: (1) 
constructing the “context” for game-theoretic analysis using empirical data collected from 
real-world decision situations, and (2) adding dynamics using behavioral theories and 
modeling individual characteristics (Wang and Redmiles 22)."

"Using the above two strategies, though game-theoretic analytical models are abstracted 
simplifications, they can still be used to develop tools to help people identify the best 
interpersonal interaction strategies."

"Through collaboration in OSS teams could be more complicated; it is still worth trying the 
combination of game theory models, behavioral theories, and empirical data to help 
practitioners’ behavioral decisions."

"By automating and simulating the analysis process, the combination of game theory, 
decision theories, and empirical data will lead to data analytics that can support decision-
making in future interactions."

"Wang and Redmiles (23, 22)) proposed to use game theory to investigate interpersonal 
interactions in a globally distributed team."

IIAG in a nutshell: from analytics to strategic advice

"Please note that, IIAG’s three strategies, C, C-C, and D, are not at the concrete behavioral 
level."

"Based on relevant collaborative traces, IIAG will simulate the decision processes to derive 
the best strategy."

"Decision process a is very straightforward: the user randomly chooses one of three 
possible strategies (i.e., “C”, “D”, and “C-C”)."

"Decision process b is also very simple: the user just picks his/her favorite strategy 
[idiosyncratic preference (Wang and Redmiles 22)] and keeps using it constantly in all 
interactions no matter who is the target."

"For decision process c, suppose a strategy ST is used for k times in a m-size sample, ST will 
be selected if it satisfies:For decision process d, a strategy ST will be selected if it 
satisfies:To illustrate them in an intuitive way, we also provide a concrete example later in 



the next section."

System instantiation

"For a decision process, the advised strategy should be the strategy (ST) that maximizes 
P(ST), for it is the winning strategy in most of the simulation runs."

"We build an analytic and simulation engine to implement the decision processes a-d. It 
regulates the automated executions of the process in the prior section."

"The actual recommendations are generated with decision process c and d. It executes 
10,000 rounds of independent simulation for each of them."

"For decision process c and d, the advised strategy (ST) is the strategy that wins in most 
independent rounds of 10,000 simulations."

"A typical usage scenario is that a user asks IIAG to suggest strategies for his/her future 
interaction with an unfamiliar, remote collaborator."

"Current IIAG has both results, for we want to evaluate which decision process model and 
corresponding parameters yield the most precise advice with empirical data (see the next 
section)."

Evaluating IIAG’s performances with simulation experiments drive-by empirical data

"We empirically evaluate the performances of IIAG in identifying and advising proper 
strategies for OSS team members."

"The evaluation addresses the following research questions: The research questions 
investigate whether the approach and its implementation (IIAG system) are useful and how 
good is such an approach compared with three baseline alternatives 1: the randomly 
picked strategy (baseline 1), 2: the constantly used strategy based on individual preference 
(baseline 2), 3: the actual strategy used in interaction (baseline 3)."

"If IIAG is useful, the advice (generated with decision process c and d) should satisfy the 
following four criteria: We compare random strategy (the results of decision process a), 
constantly playing one strategy (the results of decision process b), IIAG’s advice (the results 
of decision process c and d), and the actually used strategy through the accuracy over the 
gold standard."

"IIAG also performs relatively well when comparing its suggestions with the socially 
favorable strategies."



Evaluating IIAG with potential users

"We ask the participant to use IIAG to form a strategy for interacting with another member 
who has been in the project."

"After each task, a participant will be asked if he/she would like to follow the strategy 
suggested by IIAG and explain why if he/she decides not to adopt."

"Almost 30% of participants decide not to follow IIAG’s suggestion to be defectors (using 
the strategy D)."

"Considering that the maximum possible rating is 42 on the six 7-point items, we conclude 
that a majority of participants believe that IIAG is useful."

"Considering that the maximum possible rating is 28 on the four 7-point items, we conclude 
that most participants agree on the fact that IIAG is easy to use."

"Considering that the maximum possible rating is 14 on the four 7-point items, we conclude 
that most participants would like to give IIAG a try in the future."

Discussion

"While the prior research was mostly focusing on technical decision-making in OSS 
development, it is urgent to support social decision-making in such a complex socio-
technical system through designing innovative data-driven, theory-inspired intelligent 
systems."

"We show that combining data-driven approaches, decision theories, and game theory is a 
feasible way to support decision-making related to trust in initial social interactions 
between OSS team members."

"Our approach gives a live example of how to develop a data-driven and theory-inspired 
tool to support initial interactions in OSS teams."

"Other game structures related to collaboration, for example, coordination game (Cooper 
24), may also be integrated with social science theories to guide the development of data-
driven decision analytics focusing on team coordination."

"We expect that IIAG will achieve comparable performance in closed source contexts 
because people’s actions are more predictable due to the impact of social norms in formal 
organizations are stronger."



Concluding remarks

"We proposed IIAG, a unique approach and intelligent system to identify and advise proper 
strategies for initial interaction between new collaborators in OSS teams."

"When a user seeks IIAG’s advice, it simulates individuals’ decision processes with 
collaborative traces and customized features, thus identifying and suggesting proper 
strategies."

"The evaluation shows that IIAG can identify and advise proper strategies for OSS team 
members in their initial interaction, with high success rates (AsterixDB: 82%, Lucene: 71%, 
Chromium OS: 88%) on proper parameters."

"IIAG and its evaluation support our assertion that data-driven game theory analytics can 
be utilized to build novel intelligent systems that fit the needs of OSS practitioners for 
better cooperation with their remote collaborators."
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Abstract-Summary

"A diagnosis of the quality of the IT support services, performed with the FI’s CIOs, has 
shown that the service’s provision in these institutions is below required."

"There is a clear need to develop a proposal to help the FIs to improve their IT support 
services."

"This work aimed to develop a framework, with a practical approach on “how to do,” which 
guides the implementation and/or the improvement of Service Desks of the Federal 
Institutes."

"The proposal sought incorporates several practices related to Service Desk, identified in 
ITIL, ISO 20000, CMMI-SVC, and MR-MPS-SV models, creating a deployment and/or 
improvement approach through a life cycle framework, based on the IDEAL model, and a 
process toolbox, structured according to the seven dimensions of the EPMF."

"The research is relevant due to the lack of guidelines for the implementation and/or 
improvement of Service Desks from a practical point of view, since the main models found 
focus on “what has to be done,” and little on “how to do.”"

"The need to develop a proposal to help the FIs to improve the IT support service became 
evident, and the QoS-IT framework emerged."

"A gap analysis was done between user satisfaction surveys, comparing the results 
obtained before and after the Service Desk deployment at the Federal Institute, which 
presented evidences of a positive impact on the service provision after using the 
framework."

Introduction

"A diagnosis of the quality of the IT support services, performed with the FI’s CIOs, has 
shown that the service’s provision in these institutions is below required."

"It is intended to obtain a quality gain in the IT support service and a suitable practice for a 
Service Desk implementation and/or improvement."



"With this, it was sought to show that the proposed framework is suitable to implement 
and/or improve a Service Desk, and, consequently, to improve the IT support service in the 
FIs."

"The relevance of the study stems from the lack of a process focused on services quality and 
the lack of implementation guidelines of a Service Desk from the practical point of view, 
since the main models studied focus on “what has to be done,” but little on the “how to do” 
approach."

Theoretical foundation

"Ishikawa (25) states that quality is based on the customer, with the products/services 
delivery that meet their needs."

"The concept of quality of service used in this work is related to the quality of the service 
management process and the fulfillment of customer needs."

"Several standards and models for improving the quality of services have been created and 
improved over the years."

"ITIL is a compilation of best practices used to manage information technology services, 
obtained in consensus after decades of practical observation, research, and work of IT 
professionals worldwide (Fernandes and de Abreu 26)."

"ITIL has gained more and more trust from companies because of its IT service 
management best practice proposition, conceived as an open standard, focusing on quality 
and process definition."

"The ITIL library describes particularities of the Service Desk, among which we can 
highlight choosing and training personnel; defining the responsibilities, the types of 
structures, and the single point of contact; and measuring performance and level of 
satisfaction."

Related works

"The purpose of our work is to focus on a Service Desk deployment life cycle, in addition to 
demonstrating how specific processes can be implemented."

"Based on the concepts of IT service management using ITIL, Tang and Todo (27), in their 
work entitled “A Study of Service Desk Setup in Implementing IT Service Management in 
Enterprises,” analyzed the definition and the importance of a Service Desk from the 
perspective of ITIL best practices, offering suggestions on how to set up a good Service 



Desk through three different views: people, processes, and technology."

"To the aforementioned differences from other works, this work has the following 
characteristics: flexibility, since it proposes an adaptive process that guides the 
implementation of new Service Desk or the improvement of existing ones; practical focus 
on “how to do” instead of “what to do,” as it shows a structured and practical way to deploy 
and/or improve a Service Desk."

Research methodology

"The specific objectives are: (a) diagnose the current status (AS IS) of the quality of IT 
support service in FIs by investigating service providers’ perceptions of best practices; (b) 
develop a Model (TO BE), including strategies and processes that guide the deployment or 
improvement of IT Service Desks in FIs, thus answering Q1; (c) select an organization, 
define an intervention plan, and evaluate the proposed Model to verify its efficiency; (d) 
assess the impact on service satisfaction according to the user’s view, answering question 
Q2; (e) analyze the positives and negatives points of the framework, and report the lessons 
learned."

Diagnosis of the quality of support IT service in Federal Institutes

"Each dimension contains questions that help identifying the maturity level (1—Initial, 2—
Repetitive, 3—Defined, 4—Managed, 5—Optimized) of the FI in relation to the IT support 
service provision."

"The Culture, Service, and Attitude dimension presented the worst result among the 
dimensions evaluated, 73.33% of the institutions, question 31, stated that they do not make 
recommendations for service improvement based on diagnoses or documented analyzes."

"Regarding the Organization, Communication, and Relationship dimension, 83.33% of the 
directors, question 39, stated that information regarding the current status or progress of a 
requisition or incident is communicated to the interested parties; and 80%, question 37, 
say that the IT support area focus lies in supporting the organization’s strategies, providing 
customer satisfaction with the services provided."

The QoS-IT framework

"The framework meets the principles described as follows: Adaptability—ability to apply to 
new or existing Service Desks (the framework is prepared to deploy a “from scratch”
Service Desk or to diagnose service problems and implement improvements); Result 
delivery—adopts as a deployment strategy an iterative approach, allowing to add value to 
the client during the project execution, through the phases and the process 
implementation; Flexibility—can be used for the organization to carry out the Service Desk 



implementation or as a parameter for outsourcing; Quality focus—incorporates existing 
practices of specialized models for managing processes and services; Practicality—
describes how to deploy and/or improve a Service Desk through a hands-on approach that 
is comprised of a life cycle and a process toolbox."

"The toolbox purpose is to support the deployment and improvement of Service Desks 
during the establishment and action phases’ implementation."

QoS-IT framework evaluation

"The following activities were defined in action planning: (a) prepare the IT area 
infrastructure; (b) train IT staff (interpersonal skills, organizational strategy awareness, 
technical awareness, diagnostic techniques, support tools, systems tutorials, processes and 
procedures); (c) analyze and select technologies; (d) define architecture and service levels; 
(e) prepare the catalog of services; (f) define and document processes to manage 
requisitions, manage incidents and manage technical knowledge; (g) define contact points 
for the Service Desk, first via a system tool, and in case of doubts or unavailability, via 
telephone; (h) prepare the organization to receive the change; (i) define the 
communication strategy; (j) train users; (k) define indicators; (l) perform a satisfaction 
survey."

Conclusions and future works

"Other researches for IT service management can be derived from this study, such as: (a) 
Application of the QoS-IT framework in other organizational environments, such as Federal 
Universities and private organizations, in order to test its usefulness in these contexts; (b) 
Improvement of the framework through the development of methods to measure the 
Service Desk maturity; (c) Development of a software suite to support the framework life 
cycle implementation, with automation of flows, templates and toolbox processes 
activities; (d) Extending the related works review by using a more formal method, in order 
to broaden the framework approach, especially the process toolbox, to improve other areas 
of IT service management, corporate management and IT management; (e) Expanding the 
case study, with more applications of the model, conducting various deployment cycles, 
using more processes and a broader analysis of the effectiveness of the framework in 
different cultural environments."

AT-d8sign: methodology to support development of assistive devices focused on user-
centered design and 3D technologies [57]
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Abstract-Summary

"The worldwide growing demand for assistive devices, due to the global trend of 
population aging and high rates of chronic diseases, creates design opportunities for study, 
optimization and clinical validation of these products, in search of quality products that 
promote quality of life and greater autonomy."

"The high abandonment rates of assistive devices, the low-quality and inefficient 
performance in many cases, in addition to the scarcity of options and the high prices, 
indicate possible failures in the initial design phases of these products."

"The preliminary results from the application of the methodology included: shorter design 
development time from informational design to clinical testing; effective insertion of the 
users and health professionals in the decision-making process throughout the conceptual 
design phase; better communication between the interdisciplinary research group due to 
the use of design techniques; gradual improvement of the conceptual and technical 
solutions supported by 3D printing, resulting in the refinement of fundamental attributes 
of assistive products: comfort, safety and functionality."

Introduction



"The design of devices in the health area, specifically in the context of Assistive Technology 
(AT), using virtual and physical prototypes, demands a repertoire of interdisciplinary 
knowledge."

"The disregard of the user’s opinions and of the physical, social and cultural characteristics 
of their context; the poor device performance; the ease of purchasing low-quality products; 
the stigmatization associated with the poor-quality design are examples of factors that lead 
to abandonment [28, 29, 30]."

"This condition is favorable to the development of assistive products with high aggregated 
value, considering the user-centered design and the possibilities for generating prototypes 
in different design phases and tasks, in order to include more effectively the different users 
in the decision-making process."

"The main contribution of this work in engineering design area is to propose an adaptive 
design methodology focused on the Design for Assistive Technology (DfAT) considering 
user-centered design and 3D technologies."

Method

"The design demands for the three case studies were identified through the partnerships 
with health professionals and were then developed by interdisciplinary design teams, with 
some common steps, such as: study of patents and commercially available products for 
identification of the state of the art and the technique, as well as opportunities for 
innovation and improvement; interviews and questionnaires with users and health 
professionals to identify therapeutic needs, user requirements and design parameters, with 
the help of QFD (Quality Function Deployment); generation and improvement of technical 
solutions with the help of design tools and techniques, such as functional analysis, FMEA 
(Failure Mode and Effect Analysis), TRIZ (Theory of Inventive Problem Solving), among 
others; elaboration of virtual models (CAD) and manufacture of prototypes, through AM, 
for tests and evaluations with users."

Proposed methodology

"The design tools and techniques are very useful in helping to connect the subjective and 
technical domains, respectively, of the user and of the engineering, as well as for a clearer 
understanding of the problem and the functions to be fulfilled by the AD, thus favoring the 
identification of the possibilities of adaptation, improvement and innovation for the 
generation of a quality product."

"As the AT design is not guided purely by technology or by market, but above all by the user 
and his particularities, it is important to remember that not only aspects such as 
functionality and efficiency should be considered in the process of choosing and defining 



concepts and solutions for the product, but also factors like comfort, appearance, etc It is 
also worth mentioning that these concepts and solutions will undergo modifications, 
readjustments and improvements based on the feedback obtained from the user and the 
health domain representatives (and other domains of interest) in the third phase of AT-
d8sign (evaluation and refinement), carried out in parallel to the second phase."

Conclusions

"This work presents a design methodology, called AT-d8sign, for the development of 
assistive devices with a user-centered approach and the aid of additive manufacturing, in 
the context of Assistive Technology."

"One of the major gaps on the current scenario of the design methodology in the context of 
AT identified in the carried out systematic review and also an empirical finding in the 
experience of more than 5 years of design in this area was the absence or the very limited 
and little detailed use of design tools and techniques in the process of developing ADs, even 
in the case of more structured proposals."

"As future work, it is expected to be able to apply the presented method to new case 
studies, with the development of different types of AD and the use of other AM methods 
and machines, in order to evaluate and validate its applicability and effectiveness in 
designs with other characteristics and restrictions than those on the basis of which it was 
designed."
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Abstract-Summary

"Project management has been proven to be an effective tool to manage sophisticated 
activities."

"Various techniques of project management have played an essential role for successful 
project implementation in different areas."

"Managing projects, especially in a multi-project environment, involves a complex situation 
because of its distinguishing feature in which a number of projects are being executed 
simultaneously, that is, they are followed in parallel."

"With respect to handling a number of projects at the same time by most firms, it is 
sophisticated for contractors to cope with financial issues of projects, which involve 
different project cash inflows and outflows."

"There is a desperate need for uncertainties to be addressed thoroughly regarding their 
vital role for suitable project management."

"With these in mind, an innovative approach is proposed in this paper to anticipate the 
cash flow of project by considering type-2 fuzzy extension of both critical chain project 
management (CCM) for project scheduling and TODIM (an acronym in Portuguese for 
interactive Multi-Criteria Decision Making) method for selecting the best scenario in a 
multi-project environment."

Introduction

"Fuzzy sets theory has been extensively utilized to handle inherent uncertainties of 
projects [31, 32, 33, 34]."

"The more utilizing type-1 fuzzy sets to state uncertainties associated with projects raised, 
the more its deficiencies appeared, and consequently, the need for improvement in fuzzy 



sets increased [35]."

"With type-1 fuzzy sets, T2FSs involve more uncertainties and are able to model them more 
precisely."

"With regard to the superiority of T2FSs over type-1 fuzzy sets and their merits, e.g., 
encompassing more uncertainties, in this investigation T2FSs are taken into account to 
cope with uncertainties."

"An innovative sound approach is introduced to prognosticate cash flow of project under 
TIT2FSs in a multi-project environment by taking both TODIM method to adopt the best 
way of project execution and CCM method for better project scheduling into account, which 
leads to an accurate project cash flow."

Literature review

"To analyze the cash flow of projects, Mohagheghi and others [36] proposed an analytical 
method in a fuzzy environment."

"Tabei and others [37] presented a model to predict the cash flow of the project using fuzzy 
sets theory."

"He and others [38] presented a model to optimize project cash flow considering multi-
mode multi-project scheduling and using tabu search and simulated annealing algorithms."

"Despite the fact that fuzzy sets theory has been widely utilized in previous studies, such as 
Maravas and Pantouvakis [39], Mohagheghi and others [36], and Yu and others [40], to 
state uncertainties in project cash flow assessment, most of them were deprived of merits 
involved in T2FSs."

"There are few studies, i.e., Mohagheghi and others [35], in which T2FSs have been applied, 
none of which has considered the integration of scheduling, cash flow, and MCDM problems 
concurrently, especially in a multi-project environment."

Proposed approach

"In first phase, a diverse scenario representing various ways of project execution involved 
in both criteria and project experts’ preferences initially is determined to select the best 
scenario."

"Type-2 fuzzy extension on TODIM method is utilized for all of the projects to adopt the 
best scenario."



"Different scenarios can be determined for project implementation, and the best one will be 
adopted in light of both project experts’ preferences and appropriate criteria, e.g., quality, 
time, and cost."

"Given the information of adopted scenarios, the project network will be obtained utilizing 
TIT2F-CCM method in the multi-project environment."

"According to the derived project network and employing a cash flow method in the T2F-
environment for multiple projects, cash flow of project for both the best and the worst 
cases will be computed calculating the total costs of activities in various periods over the 
life of the project."

Case study

"All aforementioned projects can be handled simultaneously based on the introduced 
approach, two of which consisting of six and nine activities, respectively, are considered in 
this paper."

"The collected data, which contain activities with type-2 fuzzy numbers, are based on 
petro-refining project reports."

"Applying this information, project scheduling can be obtained, and consequently, project 
cash flow will be computed."

"Activities and predecessors are determined for each project in two first columns, and 
subsequently regarding various ways of activities execution, the respective scenarios 
associated with criteria are defined."

"Based on the resulting cost distribution of projects, the cash flow of projects in an 
uncertain environment for the best and the worst cases can be computed by utilizing 
summation of cost distribution for projects activities."

"Besides, the same downward trend can be observed with no fluctuation for project cash 
flow uncertainty."

Managerial insights

"A number of managerial insights can be obtained from executing the presented approach 
in a real-world project as a case study below: Project scheduling is conducted in the 
presented approach for the purpose of prognosticating the project cash flow using 
activities with type-2 fuzzy numbers."



"Since the proposed approach is in accordance with the S-curve method in the fuzzy 
environment, an anticipation of uncertain circumstances can be made, and also a thorough 
understanding of financial requirements will be provided for managers in the entire life 
cycle of the project."

"Employing type-2 fuzzy numbers makes it more flexible for decision makers to address 
the uncertainties in projects."

"Due to the fact that there is a great deal of uncertainties in early stages of the project, the 
utilized type-2 fuzzy approach as a complicated uncertainty tool is able to properly state 
these uncertainties."

Conclusion and future research

"Given the profound effects of both uncertainties and execution of several projects 
simultaneously on project cash flow, it is required to take them into account in project cash 
flow anticipation."

"A comprehensive approach encompassing activities with type-2 fuzzy data was presented 
in this study, aiming at prognosticating cash flow of project in a multi-project environment 
in accordance with the extension of both TODIM and CCM methods for scenario selection 
and project scheduling, respectively."

"By applying the extension of CCM method, early start and finish time of activities, and 
subsequently, the project scheduling were obtained."

"Projects cash flows considering uncertainties were computed in the multi-project 
environment to analyze projects."

"For future research, more evaluation criteria, such as safety and risk, than what has been 
regarded in this study can be taken into account for more efficient project execution."

“Why couldn’t we do this more often?”: exploring the feasibility of virtual and distributed 
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Abstract-Summary

"Despite these advantages, product design engineering teams—those who develop physical 
products—have not widely adopted this working style due to perceived critical 
dependence on physical facilities and the belief that it is ineffective to communicate 
technical details virtually."

"This paper uses the mass shift in working conditions caused by the COVID-19 pandemic to 
explore the feasibility of virtual and distributed work in product design engineering."

"We conducted 20 semi-structured interviews with product design engineers working 
virtually to uncover current challenges of, and the beginning of promising strategies for, 
effective virtual engineering work."

"Contrary to present opinions, we found that much of a product design engineer's work is 
realizable in a virtual and distributed setting."

"These challenges, missing from existing virtual product design engineering literature, 
include but are not limited to individuals’ lessened sense of accountability, fewer de-risking 
opportunities before product sign-off, and limited supervision of production staff."



"It is critical that we use this opportunity to understand the existing challenges for 
distributed product design engineers, so that organizations can best prepare and become 
resilient to future shocks."

Introduction

"Can physical products be designed and developed by teams working together virtually, 
from home?"

"Prior work on virtual hardware-dependent teams is limited, but we can extend the 
existing virtual collaboration theories to illuminate the unique needs of product design 
engineers."

"This widespread shift to virtual work allows us to study the adapted product design 
engineering skills, processes, and organizational arrangements (Marion and Fixson 41)."

"We believe that valuable lessons can be learned from product design engineers that likely 
would not otherwise have attempted completely virtual and distributed work."

"The contributions of this work are as follows: We present one of the first studies of 
widespread virtual work for professional product design engineers who design physical 
hardware products, with a specific focus on how this dependency challenges their adoption 
of a virtual or distributed working arrangement."

Background

"One study found that the percentage of time per week spent working virtually was 
positively associated with increased job performance, particularly for highly complex roles 
that are low in interdependence and social support (Golden and Gajendran 42), perhaps 
similar to product design engineering work."

"While researchers have studied virtual teams to a great extent, virtual product design 
engineering teams are rarely studied nor attempted in industry (Global Workplace 
Analytics 2020a)."

"When researchers do focus on virtual product design teams, it is often in terms of global 
organizations with co-located design teams that collaborate with manufacturers and 
suppliers overseas (Eppinger and Chitkara 43; Montoya and others 44)."

"Researchers have not targeted entirely virtual and distributed physical product design 
teams."



"Product design engineering includes distinct activities, yet virtual work literature in this 
area has yet to identify the unique challenges by activity type and how design teams could 
mitigate these challenges."

Methods

"We conducted 20 virtual semi-structured interviews to examine the unique challenges of 
virtual work experienced by product design engineers in each phase of the product design 
process."

"The interview guide was developed to address the following research question: how have 
virtual working conditions impacted hardware-dependent product design engineers?"

"Participants self-identified the phases they had been primarily working in during the 
virtual work period and were asked to respond to interview questions in the context of 
these phases."

"After the initial analysis, the entire research team revisited the compiled list of challenges 
and strategies and used consensus discussion to determine which phase of the product 
design process each specific challenge or strategy referred to, given the phases that the 
participant identified in the interview."

"Following this process, the three researchers then collectively compared results across 
participants to identify patterns between challenges and strategies and participant 
characteristics such as role and organization size."

Results and Discussion

"For the projects in Testing and Refinement and Production Ramp-Up when no one could 
go in, there isn't really a good substitute for that [when] work[ing] from home. (Participant 
11) Thus, we highlight critical challenges to, and strategies specific for, virtual work in 
three distinct areas of the product design process: (1) Intangible Design activities, (2) 
Tangible Design activities, and (3) Communication and Project Management activities."

"I think as far as [company] design engineering goes, I think that's a really good 
balance…having time set aside…[where] I'm working from home where I know I can just sit 
down for three hours straight and work on a CAD design, to me that's really important to 
have. (Participant 4) Fewer distractions are a documented benefit of virtual work (Laumer 
and Maier 45); our participants cited this as one reason they’d like to continue with a 
hybrid approach: for the parts of the product design process that require detailed 
individual work, such as CAD modelling or documentation, participants believe they are 
more effective in their distraction-free home environment."



Limitations and future work

"The sudden nature of this change may have brought about some of the findings reported 
in this work, and they may not be applicable for product design engineering teams making 
a planned decision to move to virtual work."

"This work examined the feasibility of virtual product design engineering work using 
activities in the product design process as a framework."

"Our findings highlight how virtual communication challenges exist throughout all phases 
of the product design process; thus, it can be reasoned that studying other interpersonal 
processes in product design engineering would uncover new challenges and innovative 
strategies (Maruping and Agarwal 46)."

"Virtual product design engineering work can be evaluated for feasibility on the individual 
or team level to understand personal or team characteristics that are most conducive to 
virtual work."

"The survey could test for the severity of commonly encountered challenges for product 
design engineers working from home as well as highlight the challenges that persist as 
teams mature in their new working style."

Conclusion

"Although long believed to be ineffective, we have shown that it is feasible for product 
design engineers to work in a distributed and virtual manner."

"We find that Tangible Design activities, which include physical tools, facilities, and 
products, are most challenging to complete virtually."

"Some of the challenges uncovered in this work are missing from existing virtual product 
design engineering literature."

"The COVID-19 pandemic allowed product design engineers to realize the feasibility of 
virtual work, and here, we have provided an initial explanation of how this happened and 
what still needs to be done."

"While there still exists a need for some in-person work for product design engineers, we 
can see that it is possible for the industry to move towards a more flexible work schedule 
while remaining productive and effective."
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Abstract-Summary

"Although many factors are affecting the efficiency of prefabricated building projects, it is a 
current gap to assess which of them is/are more critical."

"Based on synergetics, the key factors (i.e. synergetic order parameters) affecting the 
collaborative management of prefabricated construction projects are identified by using 
the main melody analysis."

"This study concluded that information collaborative platform, project organization 
structure, and collaborative benefit (in the order of importance) are the key factors 
influencing the efficiency of prefabricated building projects."

"The research finding can help the managers of all parties in the construction industry to 
understand the decisive factors to ensure efficient collaboration in prefabricated 



construction projects."

Introduction

"It is commonly known that the success of a project substantially depends on collaborative 
management [47]; however, significant information barriers and low level collaborative 
management widely exist so that prefabricated building construction workers find it 
difficult to achieve sufficient efficiency in the collaboration."

"The theoretical basis of collaborative management has not been well established for 
prefabricated building projects and is in urgent need of development."

"The existing research has not systematically investigated factors in the collaborative 
management of prefabricated construction projects."

"It remains a research gap regarding how to develop a theoretical method to identify more 
critical factors affecting collaborative management for prefabricated building projects."

"This research proposes that synergetic order parameters (SOPs) are the key elements of 
collaborative management of prefabricated building projects."

"Based on the evaluation opinions of 20 experts, the main melody of collaborative 
management of prefabricated construction projects is extracted."

Methodology

"The main melody analysis method is used to identify the SOPs of prefabricated building 
projects, and the collaborative management ability is strengthened by controlling these key 
elements."

"This study adopts the main melody analysis method to identify the SOPs of prefabricated 
building projects."

"An ideal point utility function is used to construct the main melody model as the 
expression of the value quantity of SSP competing behaviour of the prefabricated building 
projects."

"On the basis of identified SSP system, the main melody analysis method is used in the 
second stage to select the most important parameters of all SSPs as SOPs of prefabricated 
building."

"Literature analysis, this study proposes that collaborative management of prefabricated 



building projects is mainly carried out from five dimensions, including organization 
collaboration, information collaboration, process collaboration, objective collaboration, 
and environmental collaboration."

Analysis

"The evaluation vector and value weight of SSPs are obtained following steps (1) to (3): (1) 
Main melody model based on ideal point function In this study, the experts of prefabricated 
buildings interviewed above were invited to join the evaluation team to identify SOPs and 
analyse the main melody."

"The main melody of the SSPs of the prefabricated building projects is expressed by 
evaluating the value weight of the group, and several melodies can be obtained by cluster 
analysis of the value weight of the SSPs of the evaluation group."

"According to the 20/80 rule, the value weight that gathers more than 20% of the members 
(four experts) is regarded as the main melody of the SSPs of the prefabricated building 
projects [48]."

"It is more difficult to gather the experts’ value weight on the SSPs into one category, which 
cannot properly reflect the difference between the expert groups on the main melody of the 
SSPs of prefabricated building projects."

Results and Discussion

"Obtaining enough relevant information for collaborative management is the basis of 
project management for organization collaboration, process collaboration, target 
collaboration, resource balance, overall optimization, risk control, etc BIM and other 
modern information technology should be considered as a priority to build a prefabricated 
building information collaboration platform to improve efficiency."

"In prefabricated building projects, the organization structure should consider a highly 
collaborative ogranzitation structure to form a clear management level and consistent goal 
for stakeholders, which can greatly reduce the occurrence of conflicts, and creates a 
collaborative atmosphere [49]."

"Enhancing synergy means increasing the social, economic, sustainable, and other 
comprehensive benefits achieved through collaborative management of prefabricated 
construction projects [50]."

"Giving full play to the driving role of synergy to drive all SSPs to develop and evolve in the 
direction of collaborative order is conducive to the final realization of collaborative 



management of prefabricated construction projects."

Conclusion

"The current research gap shows that there is a lack of a theoretical method to 
systematically identify key factors influencing the efficiency of collaboration in 
prefabricated building projects."

"This study established a novel approach by incorporating SOPs, based on the synergetic 
theory, to identify key factors and their priority to enhance collaborative management of 
prefabricated building projects."

"The research shows that collaborative platform, project organization structure, and 
synergy (listed in the order of importance) are the three most influential SOPs of 
prefabricated construction projects."

"This means that these three parameters are the decisive factors in the collaborative 
process of prefabricated building projects."

"With the development of prefabricated construction projects, the parameter indicators to 
measure the collaborative state of projects will not only develop in many aspects but also 
have the change in timeliness, which needs further research."
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Abstract-Summary

"The goal of industrial product design is to market products that meet consumer needs, 
which specifies that the creative behavior of product design should be restricted by the 
market environment."

"The further integration of technology, design, and market is developing rapidly, and we 
need to shift the focus from art and design thinking to a favorable position that 
encompasses the entire society."

"Parallel algorithms developed on multi-core CPUs are highly adaptable and can be used in 
most environments."

"By using parallel computing on a multi-core CPU, you can make full use of processor 
resources and improve resources."

"By improving and optimizing algorithms, parallel processing technology is used to 
increase the speed of image processing."

"Sparse image resolution algorithms and aircraft recognition methods use multi-core CPU 
parallel processing technology to increase processing speed and processing efficiency."

Introduction

"The range of design disciplines is very wide, including political science, economics, 
architecture, medicine, material science, ethics, art, etc However, multi-core processors are 
used to organize billions of transistors into multiple parallel processor cores composed of 
hundreds of floating-point modules."

"Compared with single-core processors, these processor cores have a purely physical 
parallel design."

"Hardware parallelism is the main reason to increase the speed of multi-core processors, 
which is also the reason why parallel computing is more effective than sequential 
computing."



"By improving and optimizing the algorithm, and then using parallel computer technology 
to increase the image processing speed, this is an effective solution."

"There are a large number of similar images on the Internet, namely original images or 
several new images created using zooming, editing, or post-processing."

Related work

"MATLAB has developed many powerful modules and toolkits for many professional fields, 
such as: signal processing, image processing, probability and statistics, neural networks, 
wavelet analysis, etc , as well as parallel computing, which have been added in later 
versions."

"Improve the interpolation technology to reduce the blur of the edges when the image 
resolution is increased."

"In the design process, developers must improve product safety and standardization 
through design, and reduce the risk of product use."

"[51], the color effect of the product is mainly expressed through the color matching of the 
product design sketch."

"After sketching the shape, the designer must consider the results of the multicolor analysis 
during the product design stage."

"First draw the color dividing lines of different colors, and then define the color effect of the 
designed product."

Image search system based on CPU parallel computing

"In order to show that we did not use too much space, we only selected some images (or 
the results of images a, b, c, d, e, and f), and the other images are the same."

"When verifying parallel algorithms, serial and parallel algorithms are used to perform 
high-resolution processing on different images to obtain images."

"Minkowski distance is the generalization and extension of three distance formulas: 
Manhattan distance, Euclidean distance and Chebyshev distance."

"If the histogram is calculated in a similar way, the Bhattacarya distance will have the best 
effect, but the calculation will be the most difficult."



"Adjusting local image features based on BagOfFeatures is effective, but the quantizer 
usually leads to a decrease in search accuracy."

"A is a set of linked images that have been correctly extracted, B is a set of linked but not 
extracted images, and C is a set of unlinked but misidentified images."

Industrial product design principles and management planning of the design process

"In order to enable the designer to complete the relevant design work according to the final 
product design plan, the company must provide some basic information, otherwise the 
designer must receive this information, which includes: (1) Present situation introduction: 
product range and early product types, models and technical capabilities; (2) Business 
strategy: market positioning determined by the company (customer), existing business 
problems or opportunities; (3) Market information: market conditions and market shares, 
best product lines and sales methods, and products to be compared, for example, 
competitive products, company’s relative advantages and disadvantages, production costs 
and design advantages, creativity in marketing plans, Market price and point of sale, etc ; 
(4) The shortcomings of the existing product design and improvement are prominent: 
there are concentration problems in maintenance and repair, and the adaptability to use in 
different environments."

Conclusions

"With the continuous development of image processing technology, the amount of digital 
image data is increasing."

"The rapid development of computer networks and multimedia technologies has 
stimulated people’s use of the Internet to publish, store, and search for multimedia data 
such as images and other skills and needs."

"Safety research in industrial product design brings together knowledge from different 
disciplines and reflects the design’s concern for people, nature, society, culture and the 
future."

"It reflects the essence of product design and human characteristics and its relationship 
with nature."
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