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Synergies between Serious Games and Production Planning and 

Control: A Systematic Literature Review 

Abstract 

Purpose: This study aims to identify the synergies between Serious Games (SGs) and 
Production Planning and Control (PPC) education, identifying key factors for SG 
development in PPC contexts and assessing methods for evaluating in-game performance 
and user experience. 

Study design/methodology/approach: A systematic literature review was conducted 
using the Scopus database, identifying 52 relevant studies published up to September 2024. 
The review focused on SGs in PPC-related domains such as construction, manufacturing, 
and project management. 

Findings: Key findings reveal that SGs can significantly improve student engagement, 
knowledge retention, and skill development in PPC and related domains such as project 
management, construction, manufacturing, and software engineering. The study outlines 
crucial factors for developing SGs in PPC education, including game scenario design, 
player roles, and uncertainty simulation. Two primary assessment methods were identified: 
in-game performance and user experience evaluation. Based on these findings, a conceptual 
framework is proposed to guide the development and assessment of SGs in PPC contexts. 
 
Originality: This paper presents a novel integration of SGs into PPC education, addressing 
the growing complexity of production environments and the need for enhanced decision-
making skills. The proposed framework offers a comprehensive approach to developing 
and implementing SGs in PPC education, potentially transforming how complex PPC 
concepts are taught and applied in practical settings. 

 

Keywords: serious games; gamification; production planning and control; management 

education; game development; user experience  

1. Introduction 

The education of Production Planning and Control (PPC) faces numerous challenges due 
to the increased complexity of products and the shift from traditional manufacturing to 
knowledge-based approaches (Kubat et al., 2007). Traditionally, tools such as 
mathematical programming, network analysis, and heuristic approaches have been used 
to teach PPC (Olhager and Wikner, 2000). Despite their usefulness, these traditional 
educational methods often fall short of addressing the educational challenges posed by 
complex and uncertain production environments. They fail to fully engage students and 
capture the complexities of human decision-making processes that are critical in real-
world PPC scenarios. Conventional approaches seldom explore the impact of human 
decision-making on the implementation of PPC functions (Jan et al., 2010), often 
assuming rational decision-making behaviour and perfect understanding. However, 
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Bendul (2019) and Bendul and Knollman (2016) emphasise the crucial role humans play 
in PPC decision-making. Therefore, there is a need to explore alternative approaches that 
combine human decision-making with simulated PPC environments. To address the 
growing complexity and need for real-world decision-making skills in PPC education, 
SGs provide immersive and interactive learning experiences. By simulating real-world 
scenarios and uncertainties, SGs enhance students' understanding and application of PPC 
principles. SGs offer enhancement in student engagement, understanding, and retention 
by simulating realistic work environments and decision-making processes. 

Serious Games (SGs), are understood as “games in which education (in its various 
forms) is the primary goal, rather than entertainment” (Michael and Chen, 2005, Sailer et 
al., 2017), can be used for simulating more realistic work environments by linking real-
world information, objects, virtual roles (Wang et al., 2016) and complicated decision-
making processes (Rissanen et al., 2020). Many studies in different domains, such as 
project management (Rumeser and Emsley, 2019), manufacturing (Rodrigues et al., 
2012), and construction (Tagliabue et al., 2020), have demonstrated the potential of SGs 
for education, training and enhancing decision-making skills of students and industry 
practitioners (Rissanen et al., 2020), thus enabling higher performance of those domains. 
However, SGs have not been widely utilised in the context of PPC education, even though 
a few studies have identified the potential of SGs for transferring knowledge in PPC 
(Brauner et al., 2016; Warmelink et al., 2020; Thürer et al., 2020; Andari et al., 2022)..  

Recent research demonstrates that SGs extend beyond traditional educational 
settings, offering valuable applications in diverse industrial contexts. These include 
assembly line operations, construction management, software project management, and 
sustainable project management (Hellström et al., 2023, Ilbeigi et al., 2024, Khanzadi et 
al., 2019). These fields share similar challenges in engaging workers and students, 
improving productivity, enhancing situational awareness, and facilitating continuous 
learning. 

In order to address the above-identified gap in the PPC education literature across 
multiple domains including manufacturing, construction, and project management, this 
research aims to identify key features and best practices for the development and 
evaluation of SGs in the PPC education context by answering the following research 
questions: 

RQ 1: What are the factors to consider when designing and developing SGs for 
PPC education? 
RQ 2: What assessments can be incorporated to evaluate In-game performance 
and overall user experience when implementing SGs in PPC education?  

This paper introduces a novel conceptual framework for integrating Serious Games into 
PPC education. Unlike previous studies, which primarily focus on isolated aspects of SGs 
or PPC, our framework systematically combines these elements to provide a 
comprehensive approach. This integration is expected to enhance student engagement, 
improve decision-making skills, and bridge the gap between theoretical knowledge and 
practical application. By doing so, our study contributes significantly to the existing body 
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of knowledge, offering practical solutions for educators and advancing the field of PPC 
education. 

This paper consists of six sections. Following this introduction section, the second 
section presents the background information related to this study, including the critical 
functions of PPC and SGs. The third section explains the research method and 
incorporates a systematic literature review. The fourth section is devoted to data analysis 
and synthesis. The results are interpreted in the fifth section by proposing a conceptual 
framework for developing and evaluating SGs in the PPC context. Finally, conclusions 
are presented, including the study's limitations and future research. 

2. Background 

The integration of SGs into educational settings has shown promise in various domains. 
However, practical steps for their implementation in PPC education have not been well-
documented. This paper aims to fill this gap by providing a structured approach for 
educators to follow, ensuring effective and engaging learning experiences. This section 
provides background information about the fundamentals of the topics covered in this 
paper.  

2.1. Production planning and control (PPC) 

PPC is defined as "the coordination of a series of functions according to a plan which will 
economically utilise the plant facilities and regulate the orderly movement of goods 
through their entire manufacturing cycle from the procurement of all materials to the 
shipping of finished goods at a predetermined rate" (Aswathappa and Bhat, 2009). 
Several classifications of PPC functions can be found in the literature with two prominent 
frameworks offering complementary perspectives. 

Kumar and Suresh (2006) grouped all the tasks of PPC into three main categories: (1) 
pre-planning, (2) planning, and (3) control. The pre-planning function can be subdivided 
into product design, process design, flow design, and demand forecasting. Planning 
consists of planning 4Ms (materials, methods, machines, and man), routing, scheduling, 
and estimating. Control's primary function comprises dispatching, inspection, expediting, 
and evaluating subfunctions.  

In comparison, Aswathappa and Bhat (2009) present an alternative three-part 
classification: (1) planning, (2) operations, and control. Planning can be understood as 
selecting several alternative options that represent the best utilisation of available 
resources to accomplish desired production objectives most economically and efficiently. 
Operations are the execution of the developed plan. In the control stage, the performance 
of the implementation of the production plan is monitored through feedback and is 
compared to the defined milestones determined in the planning stage. This comparison 
aims to take corrective actions to improve the performance or adjust plans and targets to 
fulfil the production goals.  
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2.2. Serious Games (SGs) 

Games are intentionally designed to challenge the human imagination (Arnold et al., 
2013). According to Abt (1970), participants assume realistic characters, deal with 
problems, formulate strategies, make decisions, and receive feedback quickly based on 
their actions when playing a game. Several classifications of game design elements can 
be found in the literature. Schell (2008) defines four essential aspects of a game: (1) 
mechanics, (2) story, (3) aesthetics, and (4) technology. Game mechanics explain how 
the player can achieve the game's goal using specific rules and procedures. The story of 
a game is a series of events the player experiences as the game progresses. Those events 
may be linear or branching based on the player’s selections. Aesthetics relates to how the 
player can see, hear, smell, and feel throughout the gameplay. Technology facilitates 
connecting story, aesthetics, and mechanics to make the game possible to experience. 
Sailer et al. (2017) reported seven typical game design elements, as shown in Table I. 

Table I: Game design elements (Sailer et al., 2017) 

SGs are known as educational or training games. The main objective of these types of 
games is to train, educate or inform gameplayers with fun, if possible (Calderón et al., 
2018). SGs allow untrained people to understand a problem situation in a simple manner 
without the costs of failure or real-world effects (Michael and Chen, 2005).  

SGs have been classified in various ways and can be identified in different forms. 
Generally, SGs can be grouped into digital and non-digital games. In terms of teaching 
technical skills, digital games are more effective compared to non-digital games, which 
are more useful for soft skills training (Despeisse, 2018). Calderón and Ruiz (2015) 
recognised eight types of SGs, as presented in Table II. 

Table II: Types of SGs (Calderón and Ruiz, 2015) 

In addition, SGs that use augmented reality technology, where a digital image is 
superimposed onto the player’s view (McMillan et al., 2017, Stefanidi et al., 2020),  can 
be found in the literature. Immersive virtual reality SGs, which provide a hands-on 
experience to the player (Connolly et al., 2012) with improved perception and 
engagement compared to videos through a fully immersive environment, can also be 
found in the literature. Moreover, mixed reality technology is used to link the real 
environment with a virtual world to generate a new space (Galvão et al., 2011).  

In the context of the Architecture, Engineering and Construction (AEC) industry, 
SGs have shown significant potential for enhancing communication and decision-making 
processes. Pour Rahimian et al. (2020) highlight that SGs provide a way for individuals 
without specialised training to grasp complex situations in a simplified manner, without 
the risks or consequences associated with real-world scenarios. This ability to simulate 
complex scenarios in a low-risk environment makes serious games particularly valuable 
in construction planning and client communication. The application of serious games in 
construction has been evolving with technological advancements. Potseluyko et al. 
(2022) note that BIM, gamification, and Virtual Reality technologies are increasingly 
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being utilised to support Design for Manufacture and Assembly (DfMA) processes. This 
integration of BIM data with game-like interfaces creates new possibilities for interactive 
design and planning tools (Özener, 2024). The application of serious games in 
construction has been evolving with technological advancements. Moreover, serious 
games can significantly enhance client engagement in construction projects. As 
Potseluyko et al. (2023) demonstrate, integrating game-like elements with BIM can 
facilitate easier data presentation to clients, potentially leading to improved customer 
satisfaction, increased confidence, and higher sales figures. This suggests that serious 
games can not only improve technical processes but also have tangible business benefits 
in the construction industry. 

As discussed in this background section, the complexities of both PPC functions 
and SGs highlight a significant opportunity for their integration. As production 
environments become increasingly complex and dynamic, traditional educational 
methods for PPC are often insufficient to prepare students for real-world challenges. SGs 
offer a promising solution by providing immersive, risk-free environments where learners 
can experience the intricacies of PPC decision-making, understand the consequences of 
their choices, and develop both technical and soft skills required in modern production 
settings. This integration becomes particularly relevant as industries increasingly 
recognize the human factors in PPC, which conventional teaching approaches struggle to 
address. The following sections explore how this integration can be effectively achieved 
through systematic analysis of the existing literature. 

3. Research method 

In order to explore the possibilities of utilising SGs in the PPC context, there is a need to 
gain a systematic understanding of the use of SGs in domains closely related to PPC. 
Consequently, we conducted a Systematic Literature Review (SLR) of research in PPC 
domains such as construction, manufacturing, and project management. These three 
domains were selected as they represent the primary application areas for PPC principles 
in both industry and academia (Herrmann, 2006; Koskela, 2000), with manufacturing 
being the historical origin of PPC methodologies (Hopp & Spearman, 2008), while 
construction and project management have extensively adapted these approaches to their 
specific operational contexts (Ballard & Howell, 2003; Abdelmegid et al., 2021). 
Additionally, these domains share common PPC challenges despite their differences, 
enabling meaningful cross-domain knowledge transfer (Koskela & Howell, 2002; 
Bertelsen, 2003). Our preliminary review also indicated that these domains contained the 
richest body of literature on SGs applications related to PPC functions, offering sufficient 
material for a comprehensive analysis with broad educational relevance.  
The SLR procedure follows a reproducible, methodical and transparent approach to select 
the most appropriate studies that address the review questions and provide an overall 
assessment of the area under review (Borrego et al., 2014). Also, SLR articles synthesise 
grey and peer-reviewed literature (Thomé et al., 2016). Based on our initial literature 
review, we observed an increasing number of SLRs being conducted in PPC-related 
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contexts (Bueno et al., 2020; de Souza Costa et al., 2021), indicating growing scholarly 
interest in systematically analysing this field.  

Several approaches have been developed to guide a systematic literature review, 
such as PRISMA (preferred reporting items for systematic reviews and meta-analysis) 
(http://www.prisma-statement.org) (Moher et al., 2009), a five-step approach reported 
byKhan et al. (2003), and a methodology developed for SLR applicable to the field of 
engineering and diverse multidisciplinary areas by Borrego et al. (2014). This research 
employs the complete guidance developed by Thomé et al. (2016) for conducting SLRs 
for operations management because PPC is primarily discussed under operations 
management (Aswathappa and Bhat, 2009, Kumar and Suresh, 2006). Figure 1 
demonstrates the main stages of this methodology. 

  

Figure 1: Research design (Source: Authors own work) 

3.1. Planning and formulating the problem 

The main objective of this stage is to develop the proposal for the review. The first author 
developed a research plan that included: (1) defining the scope and objectives of the SLR; 
(2) establishing clear research questions focused on identifying factors for SG 
development in PPC contexts and assessment methods for these games; (3) determining 
appropriate databases and search strategies; (4) developing inclusion and exclusion 
criteria; and (5) creating a data extraction and synthesis framework. This plan was 
developed with the assistance of the second author, who drew on their expertise 
conducting SLRs. The complete plan was then reviewed and validated by the full research 
team to ensure methodological rigour and alignment with the research objectives. 

3.2. Literature search 

This stage began with the selection of databases. We used Scopus to select appropriate 
resources for this review. Scopus is well recognised database that indexes the most 
significant and relevant literature on SGs topics (Feng et al., 2018). Our decision to focus 
on Scopus was based on its comprehensive coverage of peer-reviewed literature in fields 
relevant to our research, including engineering, computer science, education, and 
management. While using multiple databases could potentially provide broader coverage, 
studies have shown substantial overlap between major databases in these disciplines 
(Mongeon and Paul-Hus, 2016; Visser et al., 2021; Martín-Martín et al., 2021). To 
mitigate the limitations of using a single database, we implemented rigorous backward 
and forward snowballing techniques (Wohlin et al., 2022) across several databases 
(Google Scholar, ResearchGate, and publishers' digital libraries), which yielded an 
additional eight publications not initially captured in our Scopus search. 

http://www.prisma-statement.org/
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Next, keywords for the review were determined. First, we tried to find the most 
relevant publications with the use of different combinations of the following keywords: 
“serious games” or “gamification” and “production planning and control” and 
“education”, then “serious games” or “gamification” and “production planning” and 
“production control” and “education. Nevertheless, only a small number of articles were 
found using those keywords, which shows the unpopularity of using SGs in the PPC 
context to date. Then, we defined a new set of keywords considering application areas of 
PPC with synonyms of those areas, namely, “production,” “manufacturing,” 
“construction,” “fabrication,” “project,” and “operations”. We also considered the 
essential functions of PPC, which were discussed in the background section, with the 
alternative words for those functions.  

Publications were searched based on three major categories, which are given in 
Table III: (1) the first column: serious games or gamification; (2) the second column: 
serious games’ application areas that are related to PPC functions; and (3) third column: 
key functions of PPC with widely used synonyms of those functions. Education-related 
keywords were not included to expand our investigation beyond education to incorporate 
other applications of SGs, such as training and professional development.  

Table III: List of keywords. (Source: Authors own work) 

The keywords were used with the “Title, abstract, keywords” criteria to find the most 
relevant publications from Scopus. The last search iteration was conducted in September 
2024, including all publications up to this date without specifying a publication period. 
The search was limited only to articles published in English, with no geographical 
restrictions applied. Accordingly, 2131 research papers were found. Then, abstracts of 
those publications were evaluated with the inclusion criteria displayed in Table IV. 

Publications whose content does not match the inclusion criteria were removed. 
Consequently, 298 publications were selected for full-text scanning. Next, the full text of 
those selected articles was scanned, and 242 of those articles which were not helpful in 
achieving the objectives of this research, were eliminated based on the exclusion criteria 
listed in Table IV. With the remaining 48 publications, backwards snowballing, in which 
relevant articles are searched from the reference list of selected articles, and forward 
snowballing, in which relevant documents are found based on articles cited in the selected 
publications, were used to gather missing but relevant articles for this research (Jalali and 
Wohlin 2012). For this snowballing process, we consulted multiple databases and sources 
to locate and retrieve the full texts of potentially relevant articles. For forward 
snowballing, we primarily used Google Scholar to identify papers that cited our selected 
publications. For backward snowballing, we examined the reference lists of our selected 
publications and searched for these cited works across multiple sources including Google 
Scholar, ResearchGate, and publishers' digital libraries. This approach to snowballing 
enabled us to identify eight additional publications that met our inclusion criteria but were 
not captured in our initial Scopus search. Finally, 52 publications were selected for data 
collection and quality evaluation. The process can be seen in Figure 2. 
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Table IV: Inclusion and exclusion criteria. (Source: Authors own work) 

 

Figure 2. Identification, Screening, and Selection process of the systematic literature 

review (Source: Authors own work) 

 

3.3. Data collection and quality evaluation 

There were two data collection objectives from the selected literature: to identify the 
factors to consider when developing SGs in the PPC context and to recognise types of 
assessments that can be utilised to evaluate in-game performance and the overall user 
experience of PPC SGs. Accordingly, the content of selected papers was investigated, 
focusing on those objectives. 

The next step was evaluating the quality of selected publications. According to 
Cooper et al. (2009), the quality of a study is the match between the study’s aim and its 
design and implementation. A method which involves a scoring procedure used in several 
systematic literature reviews (Connolly et al., 2012, Feng et al., 2018), was adopted to 
assess the quality of eligible publications. The appropriateness of each publication for 
this research was evaluated using the following questions. 

1. How appropriate is the publication with essential factors for developing 
SGs for PPC? 

2. How relevant is the paper for assessing the in-game performance of PPC 
SGs? 

3. How well does the publication align with the assessments pre-determined 
to evaluate the overall user experience of PPC SGs? 

Each of these questions is designed to have three possible answers with a clearly defined 
score: Low – 1, Medium – 2, and High - 3. Each paper was evaluated based on these 
questions and given a score. Then, the total score was calculated for each article. Based 
on the scoring system, the total score of a publication can vary from (1+1+1 = 3) to (3 + 
3 + 3 = 9). Basic descriptive statistics of the score are demonstrated in Table V. It is 
important to note that all 52 papers that passed the inclusion/exclusion criteria were 
retained in the analysis regardless of their quality score. No papers were excluded based 
on quality score alone. Rather, these scores were used to understand the relative strength 
of evidence across the reviewed publications and to provide context for the synthesis of 
findings. This approach ensured that all relevant contributions to the field were 
considered while maintaining awareness of the varying methodological rigor across 
studies. 

Table V: Quality evaluation (Source: Authors own work) 
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3.4. Maintaining reliability of searching and coding  

Reliability in this context is understood to be the replicability of selecting the most 
relevant publications and extracting useful information for the research (Thomé et al., 
2016). Accordingly, the literature search process was repeated in several iterations to 
enhance the accuracy of including papers in this study. Also, reliability describes the level 
of agreement between research team members regarding choosing articles and data 
gathering (Thomé et al., 2016). The second author validated the search results, identified 
4 more articles, and agreed with the research team on critical decision-making points, 
including selecting articles and defining themes to maintain reliability until all the team 
members were in agreement.  

4. Data analysis and synthesis 

This section presents the results of the SLR and analyses them to define the essential 
elements to develop SGs for PPC education. Recent literature investigated SGs elements 
for specific objectives. For example, Feng et al. (2018) discovered critical elements of 
building immersive virtual reality SGs for evacuation studies. As recognised by Feng et 
al. (2018), identification of these factors is characterised by more domain-specific and 
objective-oriented features, such as teaching methods, navigation solutions, and 

narrative methods. Furthermore, Van der Zee (2014) identified essential elements, such 
as the conceptual simulation model, simulation coded model, and simulation use model, 
when developing a framework for simulation-based serious games for operations 
management. Similarly, our research also focuses on a specific goal: identifying key 
factors to guide the development of SGs for the PPC context. 

After a thorough analysis of the selected literature, we identified recurring patterns 
and key elements that appeared consistently across multiple studies. We conducted a 
thematic analysis following the six-phase approach outlined by Braun and Clarke (2006): 
(1) familiarization with data, (2) generating initial codes, (3) searching for themes, (4) 
reviewing themes, (5) defining and naming themes, and (6) producing the report. 

Through thematic analysis and content categorisation, seven primary aspects 
emerged as critical components in developing and implementing serious games for PPC 
education. These aspects were not predetermined but rather emerged from the synthesis 
of the reviewed papers, representing the most frequently discussed and emphasised 
elements across the literature. These seven aspects are: (1) game scenario; (2) players’ 
roles and their activities; (3) simulation of uncertainties; (4) time limitation for the 
gameplay; (5) strategies to make the SG ready for the implementation; (6) assessment of 
in-game performance; and (7) assessment of user experience. Each aspect was further 
analysed to identify best practices and considerations for SG development in PPC 
contexts. The following sub-sections present the results related to these aspects. It is 
important to indicate that some of the identified papers did not clearly include all of these 
aspects so we only present the results as available in the selected literature.  
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4.1. Game scenario 

Table VI demonstrates the associated game scenarios in the selected articles. When 
analysing the scenarios, it is clear that game scenarios have been built around industry-
specific real-world situations that employees face, such as completing a software project 
(Galvão et al., 2011), completing a construction project (Misfeldt, 2014), and completing 
a new product development project (Rumeser and Emsley, 2019). Analysing game 
scenarios from the literature, we find that SGs tailored to specific PPC functions (e.g., 
scheduling, resource allocation) provide targeted learning experiences that improve 
students' operational decision-making skills. For instance, games that simulate lean 
manufacturing principles help students understand waste reduction strategies in 
production planning. Although a particular industry has many functional areas, a 
particular game focuses only on a limited number of functions. For instance, we found 
many construction-related SGs in different areas, such as constructing a multi-story 
apartment, pavilion, or special-purpose building. Also, there is a clear focus on specific 
themes within a selected application area. For example, in construction SGs, the TACT 
game (Denholm and Stewart, 2016) focuses on the critical path method and Earned Value 
Analysis. Students who participated in the TACT game were able to apply these 
methodologies more effectively in their final-year projects, as indicated by higher project 
completion rates and better adherence to project timelines. The LEAPCON game (Sacks 
et al., 2007), which focuses on lean principles, resulted in students achieving a deeper 
understanding of lean construction techniques, leading to more efficient project execution 
and reduced waste in practical settings. Consequently, we can conclude that when 
designing the story of SGs for the PPC context, we should consider three aspects: (1) the 
game story should be developed around a particular industry; (2) the story should focus 
on a particular application area within that industry; (3) the story should be built on a 
selected theme. 

Table VI: Features of game scenarios. (Source: Authors own work) 

4.2. Players’ roles and main activities 

Table VII reports players' roles and main activities during the gameplay. When analysing 
players’ roles, it can be recognised that roles represent real-world professions, such as 
software project manager, construction manager job site superintendent, and quality 
controller. Gameplay activities can be assessed as representing essential functions defined 
in real-life professions, such as project planning, human resources management, and 
follow-up actions. Therefore, we argue that when determining essential elements to 
develop SGs for the PPC context, it is vital to define the roles of players in professions in 
the real PPC context so as to better represent reality. Also, we conclude that the number 
of activities in the gameplay should be determined based on the nature of the industry, 
application area, and the themes considered for the SG. 
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Table VII: Players’ roles and leading activities. (Source: Authors own work) 

4.3. Simulation of uncertainties  

Uncertainties are practical in game design because they enhance the realistic nature of the 
game by creating challenges and a joyful environment for the players (Galvão et al., 
2011). According to the literature review, the simulated uncertainties should be similar to 
the frequently observable problems faced by professionals in the industry under study; 
for instance, defects (Maxim et al., 2016), absenteeism of employees (Galvão et al., 
2011), and weather (Lee et al., 2015). Agati et al. (2024) introduced uncertainties in their 
gamified system for manual assembly lines by simulating varying production rates and 
quality issues. Ilbeigi et al. (2024) incorporated uncertainties in their construction 
scheduling game through randomised events that affect project timelines and resource 
availability. Armenia et al. (2024) incorporated unexpected events and stakeholder 
behaviour changes in their project management board game. 

In addition to simulating real-world problems, uncertainties can be generated 
through various sources. For example, Galvão et al. (2011) simulated uncertainties, such 
as creating problems through rumours between employees and removing employees from 
the system based on a health condition generated within the game system. Similarly, in 
the SG reported by Zwikael and Gonen (2007), uncertain events were drawn from a 
database using the Monte Carlo Method, which is pre-defined and generated by the game. 
Also, uncertainties can emerge because of players’ performance during the gameplay, 
such as longer operational time and production defects (Maxim et al., 2016), learning 
curve (Lee et al., 2015), selection of design variation by clients (Sacks et al., 2007), and 
problems created by an opposing team (Misfeldt, 2014). Moreover, in the SG proposed 
by Tagliabue et al. (2020), uncertainties, such as creating low visibility in one workstation 
and redistribution of tasks, have been simulated by the facilitators of the game. As a result, 
we can identify simulated real-world problems or uncertainties that can be simulated by 
players, the game itself, and facilitators. Figure 3 summarises the evidence of simulating 
different uncertainties reported in SGs within the selected publications.  

 

Figure 3: Simulation of uncertainties - Number of publications reporting each type of 

uncertainty simulation method (Source: Authors own work) 

4.4. Time limitation for the gameplay 

When considering factors to develop SGs for the PPC context, it is vital to determine a 
time limitation for gameplay (SG evaluation). To determine the most common interval 
for gameplay, we present the summary of reported durations of SG experiments in 
selected publications in Figure 4. 
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Figure 4: Reported durations for experiments (Source: Authors own work) 

With respect to reported durations of simulations, it should be noted that some 
assessments take more than one day (Castronovo et al., 2022, Law, 2019). However, most 
studies generally take less than or equal to 3 hours (Drappa and Ludewig, 2000, Heikkilä 
et al., 2016). Experiments that have taken more than one day have considered some 
special requirements, such as the study's objective and complexity, scope, and nature of 
the design of the experiment. For example, in the study reported by Law (2019), the whole 
investigation was conducted over four days because the study simulated a realistic 
product development project covering all the phases of a project, and was based on the 
action-learning approach to educate project management students. Hellström et al. (2023) 
reported that most project management serious games in their review had gameplay 
durations ranging from 1 to 4 hours. Jääskä and Aaltonen (2022) found that shorter game 
sessions (30-60 minutes) were more effective for maintaining student engagement in 
project management education. 

According to Figure 3, some studies report durations for both experiments and 
assessments, while others report durations only for the experiment phase. For studies not 
having unique requirements, durations for the experiments (gameplay) varied from 11 
minutes to 120 minutes, while durations reported for the whole experiments, including 
assessments, ranged from 90 minutes to 180 minutes. According to these published and 
successfully implemented SGs, we can conclude that an SG should be designed so players 
can play the game within 2 hours. Furthermore, surveying participants about the user 
experience should be limited to less than 1 hour. Moreover, time limitations must be 
determined based on the whole experiment's unique requirements, such as complexity, 
scope, and nature of the design of the experiment, without harming its validity and 
reliability.  

4.5. Strategies to make the SG ready for the implementation  

Several studies reported various strategies to make the SG ready for implementation. For 
example, Rumeser and Emsley (2019) built mock-up games for two SGs and gained 
initial approval from the corresponding course administrator.  Calderón et al. (2018) also 
validated the SG they used in their research with the help of subject experts. Similarly, 
verification and validation were done by Lee et al. (2015) on their SG before its 
utilisation.  Zwikael and Gonen (2007) conducted a pilot study with the help of 87 
undergraduate students to test the validity and reliability of their SG before its use.  
Maxim et al. (2016) reported having the development team complete a usability checklist 
related to their SG by before gameplay. Apart from activities related to verification and 
validation, allowing appointed trainers to customise game scenarios is another approach 
reported in two studies (Calderón et al., 2018, Zwikael and Gonen, 2007). These 
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approaches suggest the importance of minimising the negative impact of improper game 
design on the implementation objectives of SGs. 

In addition, some studies reported different approaches during the preparation 
stage for the game implementation.  Rachman and Ratnayake (2017) delivered an 
introductory course about Lean, Kanban, and risk-based inspection before the start of 
gameplay. Similarly, Calderón et al. (2018) provided the background knowledge needed 
for playing their SGs to participants who were students in a project management course. 
In addition to providing the required knowledge through an introductory course, some 
researchers provided detailed instructions before starting the gameplay. An instructor 
explained the SG's objectives in the study of Wangenheim et al. (2012). Likewise, Law 
(2019) provided fundamentals of project management to players before starting their 
game. Vanhoucke et al. (2005) gave their participants a general introduction to the study 
and critical path methodology. One study reported asking players to watch an 
introductory video related to the SG (Caserman and Göbel, 2020).  Zwikael and Gonen 
(2007) allowed participants to use a game-related manual to prepare for the gameplay. 
Two publications also reported exposing participants to a game-related tutorial (Galvão 
et al., 2011, Maxim et al., 2016). These reported approaches help remove confounding 
effects related to inadequate knowledge about the gameplay. 

Furthermore, several variations on these methods have been reported in selected 
publications. Tagliabue et al. (2020) provided an instruction manual that could be used 
during gameplay to remind players of the guidelines whenever they needed it. Lino et al. 
(2015) allowed players to see a particular chapter and sections in the Project Management 
Body of Knowledge (PMBOK) to find detailed information related to a specific area 
during the gameplay. In addition to reading-based support, some studies reported using 
individuals to help players during gameplay. Denholm and Stewart (2016) used a tutor to 
provide feedback to participants during the gameplay; Lee et al. (2015) used an instructor 
to coordinate the game session in their study; and Heikkilä et al. (2016) utilised an 
instructor to clarify the rules at different stages of the game. Moreover, SGs reported in 
one study allowed features useful for the players to be enabled for self-support during 
gameplay. Caserman and Göbel (2020) displayed keyboard functions on the gameplay 
screen, and players could access the help section during gameplay.  Hellström et al. 
(2023) emphasised the importance of aligning game objectives with course learning 
outcomes. Ingason and Eskerod (2024) recommended creating detailed facilitator guides 
to ensure consistent game implementation across different instructors. Gasca-Hurtado 
and Machuca-Villegas (2024) conducted pilot tests with both students and industry 
professionals to refine their game design. 

Table VIII contains all the reported strategies in the selected publications. We 
recognise that these strategies could be implemented at three different stages: (1) during 
the development of SGs, (2) during the organisation of the gameplay and just before the 
session, and (3) during the gameplay.  

Table VIII: Strategies to make SGs ready for implementation. (Source: Authors own 

work) 
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We can conclude that appropriate strategies should be implemented during the game 
development process, before and during the gameplay, to gain the maximum benefits of 
implementing PPC SGs. 

4.6. Assessment of in-game performance 

We found several studies that reported how players perform while they play the game (in-
game performance) to evaluate SGs. Figure 5 summarises how data concerning in-game 
performance was collected in the selected publications.  

Figure 5: Method of data recording (Source: Authors own work) 

We identified several SGs designed for gameplayers to record in-game performance 
manually during gameplay. Rachman and Ratnayake (2017) arranged the game so that 
players could manually record their game-related data, such as lead time in unit cards. 
Tagliabue et al. (2021) instructed players to record time using a stopwatch. During 
gameplay, von Wangenheim, Savi, and Borgatto (2012) asked players to manually enter 
project progress in a performance report. In the study conducted by Castronovo et al. 
(2022), all participants were provided with recording sheets on which they recorded game 
data, such as planned cost, actual cost, duration of the construction, and labour efficiency 
score. Denholm and Stewart (2016) utilised a tutor to record and evaluate player 
performance, such quality of project plans the players had developed. Also, the tutor 
manually entered player project-related decisions into a computer. Sacks, Esquenazi, and 
Goldin (2007) recorded in-game performance data: completed apartments, defective 
apartments, time to finish the first apartment, WIP, throughput, cash flow, and cycle time. 
We note that players and game facilitators participated in this activity when considering 
manual data recording. 

In addition, some studies reported specific approaches to storing in-game 
performance data automatically. Galvão et al. (2012) designed a particular module to 
record productivity statistics, players’ actions, game score, ranking, and game progress. 
Calderón, Ruiz, and O’Connor (2018) recorded project-related data, such as time, cost, 
and actual and planned value, within the game. Rumeser and Emsley (2019) enabled a 
system for automatically recording data, such as players’ decisions, time, and costs. Lee, 
Nikolic, and Messner (2015) stored game-related data in the MS Access database. 
Tagliabue et al. (2021) designed an IoT-enabled system with a smartphone app to capture 
time, location, and light intensity data. Lino et al. (2015) designed their SG to 
automatically record in-game performance data, including time, cost, and schedule 
information. Martinez et al. (2023) used eye-tracking technology to measure players' 
situational awareness during gameplay. Agati et al. (2024) implemented real-time 
performance feedback mechanisms within their gamified assembly line system. Jääskä et 
al. (2021) incorporated peer evaluation as part of the in-game performance assessment. 
In summary, researchers have used various methods to record game-related data, such as 
special modules, databases, and mobile apps.  
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According to the publications reported on in-game performance, it is clear that 
these are very similar to performance measures in real-world operations. project Time, 
project cost, and quality (Galvão et al. 2012), and all quantitatively reported measures. 

After examining the reported in-game performance measures, we could recognise 
two types. One is game progress-related measures, such as production time (Tagliabue et 
al. 2021), and Planned Percent Complete Gonzalez-Moret et al. (2015). The other is 
player status-related measures, such as the number of correct and wrong decisions made 
by players (Lino et al. 2015) and defective products (Sacks, Esquenazi, and Goldin 2007). 
We note that seven studies reported both measures, as shown in Figure 6.  

 

Figure 6: Types of in-game performance measures (Source: Authors own work) 

 

When studying in-game performance assessment methods in selected and 
reported publications, we recognised that those methods could be grouped into three 
categories, as depicted in Figure 7: industry-specific methods, special project scores and 
general statistical methods. Several studies reported summarising corresponding data 
using industry-specific tools and techniques, such as resource utilisation charts, control 
charts, lead time distribution charts, cumulative flow diagrams (Rachman and Ratnayake 
2017), and EVA (Denholm and Stewart, 2016, von Wangenheim et al., 2012). Also, a 
specific project score was defined based on collected quantitative data in some 
publications (Castronovo et al., 2022, Galvão et al., 2011, Lino et al., 2015). Furthermore, 
many studies reported using general statistical tools and methods, such as computing 
summary measures, graphical presentations (Galvão et al., 2011, Rumeser and Emsley, 
2019), and hypothesis tests (Castronovo et al., 2022, Rumeser and Emsley, 2019). We 
recognised six publications that reported a combination of the methods mentioned above 
to assess the in-game performance of SGs.  

 

Figure 7: Number of publications that reported different types of in-game performance 

assessment methods. (Source: Authors own work) 

4.7. Assessment of user experience  

User experience is defined as the collective consequences felt by users before, during and 
after interacting with a system or a product (Hartson and Pyla, 2018). This section 
summarises critical aspects, such as user experience measures, data recording tools and 
analysis methods related to SG implementations.  

Player user experience was collected in three ways; namely, questionnaires 
(Heikkilä et al., 2016, Zwikael and Gonen, 2007) and interviews (Denholm and Stewart, 
2016, Misfeldt, 2014) and discussions (Lee et al., 2015). Most researchers used post-game 
questionnaires to capture the user experience of SGs. The post-game questionnaire used 
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by Castronovo et al. (2022) had been modified from a developed instrument from 
previous research. Tumpa et al. (2024) identified "perceived learning" as an important 
user experience measure in project management games. Leite et al. (2023) emphasised 
the importance of assessing ethical considerations and potential negative impacts of 
gamification in manufacturing and construction settings. Ruiz de la Torre Acha et al. 
(2024) employed physiological measures, such as heart rate variability, to assess user 
engagement and stress levels during gameplay. 

User experience data were gathered quantitatively (Heikkilä et al., 2016, Zwikael 
and Gonen, 2007) and qualitatively (Misfeldt, 2014, Rumeser and Emsley, 2019). Many 
studies measured the Value of the SG with different questions, including challenge 
(Calderón et al., 2018) and corporation (Heikkilä et al., 2016). Desirability is another user 
experience measured with fun and attractiveness (Lino et al., 2015, Rumeser and Emsley, 
2019). Some studies measured Usability using parameters such as immersion (Calderón 
et al., 2018) and clarity (Rumeser and Emsley, 2019). Usefulness is another component 
used to measure user experience in several studies (Lino et al., 2015, Zwikael and Gonen, 
2007). A single study reported Accessibility to their SG as a user experience (Rumeser 
and Emsley, 2019). We can thus recognise that authors of selected publications measured 
player user experience with five measures: (1) usefulness, (2) usability, (3) desirability, 
(4) value, and (5) accessibility.  

Collected user experience measures were assessed using various approaches. 
Studies gathered data employing Likert scale items used general statistical analysis 
methods: by constructing graphs, such as bar charts (Heikkilä et al., 2016, Zwikael and 
Gonen, 2007), and computing summary measures, such as median (Calderón et al., 2018, 
von Wangenheim et al., 2012). Studies that collected qualitative data used content 
analysis (Misfeldt, 2014, Rumeser and Emsley, 2019). A single research (Castronovo et 
al., 2022) reported using a modified version of an objective-specific previously developed 
method, a tool to assess problem-solving skills, to measure user experience. 
Consequently, we can identify three types of user experience assessment methods: 
general statistical methods, content analysis, and objective-specific methods. 

5. Interpretation 

This section answers the research questions based on the data analysis and synthesis. 
Also, we provide a conceptual framework for developing and implementing SGs in PPC 
education. To facilitate practical application, we have outlined a step-by-step guide, 
providing educators with detailed steps to integrate SGs into their courses effectively. 

The first research question is: “What are the factors to consider when designing 
and developing SGs for PPC education?”. To address this, we summarised selected 
publications under the following themes: (1) Game scenario, (2) Players' roles and main 
activities, (3) Simulation of uncertainties, (4) Time limitations for the gameplay, (5) 
Strategies to make the SG ready for the implementation, (6) Assessment of in-game 
performance, and (7) Assessment of user experience. According to the review, defining 
the game scenario should consider several factors: industry, application area, and themes. 
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Within a single industry, there are many application areas. After selecting a particular 
application area, the researcher should decide on a theme to develop SGs. When defining 
roles for players in a SG, it is vital to select real-world professions in PPC. Although, in 
reality, an employee can be assigned many job-related activities during office hours, 
researchers should choose critical activities to simplify the game and reduce the gameplay 
duration. Simulation of problems that interrupt players' activities is also crucial as it 
enhances the realistic nature of the PPC context. Those interrupting problems should be 
the same problems professionals face during their jobs, and can be simulated through 
players, facilitators, and pre-defined programs in the SG. As far as in-game performance 
measures are concerned, the same industry-specific and real-world PPC performance 
measures can be used as in-game performance measures for PPC SGs. Also, SG must be 
embedded with an in-game performance recording method during the gameplay. This can 
be done manually with the help of players or facilitators, and SGs can be designed with a 
feature that can record those data. In addition to in-game performance measures, it is 
crucial to determine user experience measures, such as Usefulness, Usability, 
Desirability, Value, and Accessibility. Those measures can be used to assess the quality 
of the SG after the gameplay by questioning game players. Player feedback can further 
be used to upgrade the SG so that it better fulfils the requirements of the PPC context. 
Time limits of the gameplay (implementation) are another essential aspect to be carefully 
considered when designing SGs for the PPC context. The time duration for the whole 
gameplay can be determined based on the scope and complexity of the game as well as 
the procedure in which the experiment is conducted. Finally, we found various strategies 
that researchers used to prepare SGs for implementation and that can be applied in 
different stages within the SG development process. Those strategies can be utilised 
during the game development process, just before and during the gameplay 
implementation. 

The systematic review highlights several key factors that contribute to the 
effectiveness of SGs in PPC education. Game scenarios rooted in real-world industry 
applications enhance students' engagement and practical knowledge. Role-playing in SGs 
mirrors actual job responsibilities, fostering critical thinking and problem-solving skills. 
Simulating uncertainties within SGs prepares students for unexpected challenges, 
improving their adaptability and resilience in PPC environments. 

The second research question is: “What type of assessments can be incorporated 
to evaluate In-game performance and overall user experience when implementing SGs in 
PPC education?”. We found from the literature review that general statistical methods 
and industry-specific methods can be used to assess in-game performance. In addition, 
researchers can define a particular game score based on variables associated with the 
progress of the gameplay.  To evaluate the overall user experience, general statistical 
methods can be used. In addition, objective-specific and previously published user 
experience assessment methods can be used. If user experiences were collected in a 
qualitative form, content analysis can be used to analyse those data.  
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5.1. A conceptual framework to support developing and implementing SGs 

for PPC 

Based on the literature review findings, a conceptual framework is proposed to guide the 
development and assessment of SGs in the PPC context. This framework is shown in 
Figure 8.   

 

Figure 8: A conceptual framework to guide the development and implementation of 
SGs for the PPC context (Source: Authors own work) 

The process begins with designing and developing the SG for the PPC context based on 
the factors identified, as shown in Figure 7. Next, the SG should be made ready for 
implementation by applying appropriate strategies at different stages of the SG 
development process. This is an iterative process and should be continued until the SG’s 
expectations are achieved. Next, the SG can be implemented (gameplay). After the SG 
implementation, gameplayers' in-game performance data and user experience data can be 
assessed using the previously mentioned analytical methods.  

5.2. Novelty and Practical Implications 

The proposed framework stands out from existing methods due to its comprehensive 
integration of game design elements tailored specifically for PPC education. Unlike 
traditional PPC teaching tools, our framework incorporates real-world scenarios, role-
playing, and interactive problem-solving, which are critical for preparing students for 
industry challenges. This approach not only enhances engagement but also promotes 
active learning and retention of complex concepts. 

Practically, educators can implement this framework by developing customised 
SGs that reflect the specific needs of their courses. For instance, using the framework, 
instructors can create simulations that mimic real PPC environments, allowing students 
to practice decision-making in a risk-free setting. This hands-on experience is invaluable 
for bridging the gap between classroom theory and real-world application. 

5.3. Practical Implementation of the Framework 

To facilitate the adoption of this framework, we outline a practical guide for educators to 
integrate Serious Games (SGs) into Production Planning and Control (PPC) education. 
These steps ensure a structured approach to effectively incorporating SGs into the 
curriculum. 

Step 1: Needs Assessment 

Educators should start by conducting a thorough needs assessment to identify the specific 
learning objectives for their PPC course. This includes understanding the key 
competencies students need to develop and determining which aspects of PPC can be 
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enhanced through interactive learning experiences. Engage with industry stakeholders to 
ensure the SGs align with real-world applications. 

Step 2: Selection of Appropriate SGs 

Based on the needs assessment, select appropriate SGs that align with the identified 
learning objectives. Consider the game’s content, complexity, and relevance to PPC. 
Evaluate existing SGs through pilot testing to ensure they meet educational goals 
effectively. 

Step 3: Customisation and Integration 

Customise the selected SGs to align with the course syllabus. Modify scenarios and roles 
to reflect the specific context of the PPC course. Integrate the SGs into the curriculum by 
scheduling dedicated sessions for gameplay, followed by debriefing sessions to discuss 
the outcomes and learning points. 

Step 4: Preparation and Training 

Prepare all necessary resources, including game materials, software, and hardware. 
Conduct training sessions for instructors to familiarise them with the SGs and their 
educational objectives. Provide students with introductory sessions to ensure they 
understand the gameplay mechanics and objectives. 

Step 5: Implementation and Monitoring 

Implement the SGs in the classroom according to the planned schedule. Monitor the 
gameplay sessions to ensure active participation and engagement. Collect real-time 
feedback from students and instructors to identify any issues or areas for improvement. 

Step 6: Evaluation and Feedback 

Evaluate the effectiveness of the SGs using both in-game performance metrics and user 
experience feedback. Conduct surveys and interviews to gather detailed feedback from 
students and instructors. Use this feedback to make necessary adjustments and 
improvements to the SGs and their implementation in future iterations. 

6. Conclusion 

We conclude that SGs can be used for the PPC context. To this end, we developed a 
conceptual framework that can guide the design, development and assessment of SGs for 
the PPC context. Although planning and control functions can be seen in various domains, 
such as healthcare, military, and agriculture, this systematic literature review was limited 
to manufacturing, construction, and project management. Therefore, other factors may 
influence designing, developing, and assessing SGs for PPC, depending on context. 
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Our findings reveal a paradox in PPC education: while production environments 
grow increasingly complex and human-centred, educational approaches have remained 
largely traditional and abstract. SGs address this disconnect by simulating the 
multifaceted nature of real-world PPC decision-making processes, including the human 
elements that are often overlooked in conventional teaching methods. The systematic 
identification of key design factors and assessment methods provides educators with 
practical tools to implement this innovative approach. 

Despite the potential benefits, several challenges and barriers to implementing 
SGs in PPC education should be noted. Firstly, the high cost and resource requirements 
for developing high-quality SGs can be prohibitive for many educational institutions. 
Secondly, there may be resistance to change from traditional teaching methods to more 
interactive SGs, both from educators and students. Thirdly, ensuring that SGs accurately 
simulate real-world PPC environments while remaining engaging and educational is a 
complex task. Additionally, the effectiveness of SGs may vary depending on the 
educational context and the specific learning objectives of the PPC course. Furthermore, 
integrating SGs into existing curricula and aligning them with accreditation standards can 
pose significant challenges. These limitations should be considered when implementing 
SGs in PPC education. 

At the beginning of the systematic literature review, we could find only a few 
publications related to SGs within the PPC context. Therefore, based on the factors 
discovered in this research, SGs can be developed for the PPC context, focusing on 
different industries and various objectives, such as training, behaviour change, and 
experiments.  

Several limitations should be acknowledged. First, although planning and control 
functions can be seen in various domains such as healthcare, military, and agriculture, 
this systematic literature review was limited to manufacturing, construction, and project 
management. Therefore, other factors may influence the design, development, and 
assessment of SGs for PPC in different contexts. Second, our literature search relied 
primarily on the Scopus database, supplemented with snowballing techniques. While 
Scopus offers comprehensive coverage of relevant literature, the inclusion of additional 
databases might have yielded different or additional results. Future studies could expand 
this approach by incorporating databases such as Web of Science or IEEE Xplore to 
potentially capture a broader range of relevant literature. Finally, while our conceptual 
framework provides valuable guidance for developing and implementing SGs in PPC 
education, its practical application across different educational contexts and learning 
objectives may require adaptation. The effectiveness of SGs may vary depending on 
factors such as student characteristics, institutional resources, and specific learning goals. 

Future research should aim to address these challenges by exploring cost-effective 
methods for developing SGs, such as leveraging open-source platforms and community-
driven development. Additionally, studies should investigate strategies for overcoming 
resistance to change, including educator training and demonstrating the educational 
benefits of SGs. Further research is also needed to refine the balance between realism and 
engagement in SG design. Evaluating the long-term impact of SGs on students' learning 
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outcomes and career preparedness in PPC fields would provide valuable insights. 
Moreover, expanding the application of SGs to other domains, such as healthcare and 
agriculture, and comparing their effectiveness across different industries could enhance 
our understanding of their versatility and potential. Finally, collaborative efforts between 
educational institutions, industry partners, and software developers can lead to more 
robust and widely accepted SG frameworks for PPC education. 

Furthermore, future research should explore the integration of emerging 
technologies such as Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality 
(MR) into serious games for PPC education. These immersive technologies offer 
significant potential to enhance the realism, engagement, and effectiveness of serious 
games. Studies comparing traditional SGs with those enhanced by immersive 
technologies could yield valuable insights into their relative educational effectiveness and 
implementation challenges in PPC contexts.  

In conclusion, the integration of realistic game scenarios, role-specific activities, 
and simulated uncertainties within SGs significantly enhances PPC education. These 
elements collectively provide a comprehensive learning experience that bridges the gap 
between theoretical knowledge and practical application, preparing students to excel in 
dynamic and complex PPC environments. 

This study presents a groundbreaking framework that merges Serious Games with 
PPC education, offering a novel approach to addressing the complexities of modern 
production systems. By emphasising practical application and active learning, our 
framework has the potential to transform PPC education, making it more relevant and 
effective. Future research should build on this foundation to further refine and validate 
the framework across different educational contexts. 
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