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Research on game-based learning (GBL) methods shows that they may increase students’ motivation and learning
in the context of higher education. However, there is still unclarity regarding whether and how GBL methods can
be utilized in project management education. Our quasi-experimental study analyzes project management stu-
dents’ experiences of a GBL method applied in six European higher education institutes during late 2021 and
early 2022. Data about students’ experiences were collected using a post-game survey in which students were
asked to evaluate how the applied GBL method affected their motivation and learning. The data were analyzed
using both qualitative and quantitative methods. Our findings include students’ positive and negative percep-
tions related to the applied GBL method, which influenced students’ motivation to study and learn project
management phenomena. Our findings indicate that game-based learning solutions can be used to motivate
students and to prepare learners to deal with uncertainty, as in real-life projects.

1. Introduction

The projectification of society, which means that an increasing
amount of work is organized and managed through single projects or
series of projects in organizations, companies, and personal life, is on the
rise in Western economies (Gemiinden, 2013; Kuura, 2020; Schoper and
Ingason, 2019). Therefore, there is an increasing demand for highly
skilled project personnel in project-based organizations. However, a
recent report highlighted a talent gap in the global economy of
project-oriented sectors (PMI, 2017). There is and will be a shortage of
project practitioners with essential competencies, such as technical and
leadership skills completed with strategic and business management
skills (PMI, 2017). Project management educators thus face the chal-
lenge of training highly skilled personnel with practice-oriented and
motivating educational methods for the future success of project-based
sectors and their respective organizations.

Finding an educational method that can simulate and contextualize
complex project management phenomena realistically may not be easy
for project management educators. Game-based learning (GBL)
methods, including educational games and simulations, have been
acknowledged as a promising solution in higher education (Crocco et al.,
2016). For example, educational games may provide learners and in-
structors with a virtual model of real-world experience in which
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management skills can be practiced in a safe environment. GBL methods
utilize a game to teach knowledge and skills (Kolb and Kolb, 2005), and
digital GBL integrates an education-focused digital game or application
in teaching to engage students and promote learning (Prensky, 2003;
Van Eck, 2006).

GBL as a method in project management education has been regar-
ded as potential and beneficial for enhancing students’ learning
(Calderon et al., 2018; Law, 2019; Rumeser and Emsley, 2019). Previous
research on project management education has established that inno-
vative, inspiring, and interactive educational methods put practitioners’
reflection, lived experience, and contextual learning at the focus (Cicmil
et al., 2006; Svejvig and Andersen, 2015; Winter et al., 2006; Westera,
2019). For example, GBL methods can enable the development of
technical and leadership skills related to practical project experience
(Anastasiadis et al., 2018; Ramazani and Jergeas, 2015) and enable
experiential reflective learning in responsible project management ed-
ucation (Cicmil and Gaggiotti, 2018). GBL environments can allow
“learning by doing,” which is essential when studying complex project
management phenomena.

In addition to offering an environment for learning by doing, GBL
methods can enhance and maintain students’ motivation to learn (Plass
etal., 2015), which, according to pedagogical studies, is one of the main
factors that keeps students learning (Paas et al., 2005). Motivation refers
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to the wants or needs that direct human behavior toward a goal. The link
between GBL methods, students’ motivation, and learning outcomes
exists, but there is limited understanding of how GBL methods influence
project management students’ motivation in a higher education context.
As discussed above, previous research on project management education
has recognized the potential of GBL methods, but there is a need for a
more detailed understanding of how GBL methods contribute to stu-
dents’ motivation to learn. To this end, we formulated the following
research question: How do GBL methods influence students’ motivation in
learning project management phenomena in the higher education context?

We adopted Kellers’ ARCS motivational model (Keller, 1987) as our
theoretical framework. It distinguishes four components associated with
motivation: attention, relevance, confidence, and satisfaction.

Our empirical research follows a one-group posttest-only quasi-
experimental design (Kirk, 2009). We developed a digital educational
game for project management and piloted it in six European universities
in autumn 2021 and spring 2022. The research data were collected
post-game through student feedback surveys, including both Likert-scale
questionnaires and open-ended questions related to students’ motiva-
tion to learn. Empirical data were analyzed using mixed methods,
including descriptive quantitative statistics and qualitative content
analysis.

This study contributes to previous research on project management
education by offering a new understanding of how to design and
implement GBL methods in project management education. Our findings
highlight factors regarding how GBL methods can gain and sustain
students’ motivation to learn project management phenomena. Addi-
tionally, our findings offer an understanding of demotivating factors
that need to be mitigated concurrently for the successful design and
implementation of GBL methods. The rest of this paper is organized as
follows. First, we briefly discuss the concepts and constructs related to
student motivation and review what is known about GBL methods’ in-
fluence on student motivation. Next, we introduce our experimental
research design before analyzing and presenting the empirical findings.
Thereafter, we discuss the findings and outline the theoretical contri-
butions and educational implications of this study. We conclude with the
research limitations and future research ideas.

2. Theoretical background
2.1. Game-based learning and motivation

Game-based learning as a pedagogical method utilizes a game to
teach knowledge and skills in an activating and experiential game
environment (Kolb and Kolb, 2005; Shaffer et al., 2005; Wiggins, 2016;
Jaccard et al., 2022). The motivational effect of GBL has been studied in
several disciplines, such as computer, education, and psychological
sciences. Research has discovered that GBL methods can both increase
and decrease students’ motivation.

To design learning environments that foster learning, students
should be interested, motivated, and engaged (Garris et al., 2002;
Jarvela and Renninger, 2014) in an active learning environment
(Freeman et al., 2014). Erhel and Jamet (2013) determined that GBL
environments can promote meaningful learning and motivation,
assuming that learners’ cognitive processing of the educational content
is ensured. Digital GBL solutions can enable reflective, experiential, and
intriguing learning environments (Bygstad et al., 2022), making them
suitable for project management education. According to project man-
agement teachers, GBL methods may provide students with a memo-
rable learning experience by affecting their emotions (Jaaska and
Aaltonen, 2022).

Game features such as game structure, involvement, and appeal may
motivate students and promote achieving desired learning outcomes
(Garris et al., 2002; Huang et al., 2013; Jaaska et al., 2021; Breien and
Wasson, 2021; Naul and Liu, 2020; Plass et al., 2015). Existing research
has identified a positive impact of GBL on students’ activation,

Project Leadership and Society 3 (2022) 100055

motivation, and emotional behavior (Barbosa and de Avila Rodrigues,
20205 de Freitas, 2018; Law, 2019; Vu and Feinstein, 2017), feelings of
interest and immersion (Hamari et al., 2016; Schwabe and Goth, 2005),
and student engagement (Hartt et al., 2020). Overall, research on GBL
methods implies that students’ motivation is positively influenced when
affirmative affective states such as delight and excitement are generated
(Barbosa and de Avila Rodrigues, 2020).

In addition to these positive effects, GBL situations may also cause
negative emotions and frustration for learners. Observed challenges can
manifest as time-consuming and demanding exercises with a game or
difficulties with environments (Boghian et al., 2019), technical unreli-
ability, unbalance, or instability (Jadskda and Aaltonen, 2022; Jong,
2016; Marklund and Taylor, 2016), and complexity of games (Lomas
et al., 2017). Moreover, students may feel uncomfortable with compe-
tition and results comparison in GBL situations (Scepanovic et al., 2015).
Negative experiences are usually demotivating, but a suitable amount of
challenge in the form of positive stress may increase motivation and
learning achievements (Shute et al., 2015). In conclusion, GBL methods
can increase students’ motivation to learn in many ways, but there are
also potential pitfalls that need to be avoided.

2.2. Students’ motivation and learning

Motivational theories try to comprehend what energizes individuals
toward activities (Pintrich, 2003). They wish to explain what makes
individuals “move” in the meaning of being inspired and engaged, or
alternatively passive and alienated (Ryan and Deci, 2000). Willingness
to learn due to individual motivations like challenge, curiosity, control
and fantasy and interpersonal motivations like cooperation, competi-
tion, and recognition, have been discussed in motivational research
(Deci and Ryan, 2014; Malone and Lepper, 1987).

According to Ryan and Deci (2000), self-determination theory of
motivation considers human beings as actors, who are active,
goal-oriented and strive to learn. Satisfied psychological needs of
competence, autonomy and relatedness enhance self-regulation and
well-being which are all significant in education domain. Motivation can
be discussed in terms of intrinsic and extrinsic motivation. Intrinsic
motivation means personal desires and individual interests, which
manifest as tendency to seek out novelty and challenges and willingness
to perform activities, because it is interesting and satisfying to do them.
Driver for extrinsic motivation is attaining some separable outcome like
rewards when performing required activities (Ryan and Deci, 2000). In
education context, both of these motivational forces should be under-
stood and delt with for enhanced student motivation (Hidi and Har-
ackiewicz, 2000). GBL methods may increase intrinsic motivation as
novel and compelling learning activity (Martin-Hernandez et al., 2021).
Proceedings, scores, and competition of educational games can be
associated with external reward, increasing extrinsic motivation.

Motivation engages students, which positively influences on
achieving learning outcomes (Fredricks et al., 2004; Krapp, 1999).
Student’s motivation in educational situations can be triggered for
example by new learning experiences, challenge or variety (Palmer,
2009). Positive emotions and pleasant experiences activate students
cognitively, increase their motivation and help them acquire compe-
tencies (Linnenbrink, 2007). Also other feelings like confusion affect
student motivation, yielding critical thinking and deep learning
(D'Mello and Graesser, 2012). In conclusion, student motivation is a
multifaceted concept and a critical precondition for learning.

2.3. The ARCS model of motivation

As discussed in 2.1 and 2.2, motivation is a central mechanism
explaining how GBL methods can help students achieve learning out-
comes. We adopted Keller’'s ARCS model (Keller, 1999) as the moti-
vating theory for considering how educational methods in general
influence motivational variables and requirements because the model is
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appropriate and tested in the educational context. The operationaliza-
tion and contextualization of the ARCS model in our research are
explained in 3.3.

ARCS stands for attention, relevance, confidence, and satisfaction,
breaking motivation down into four motivational components. The
ARCS model helps in understanding and incorporating motivational
components into the creation of learning experiences and materials. The
model can be used as guidance to analyze the motivational factors of
learners, and it can be applied to plan course design strategies to stim-
ulate and maintain students’ motivation to learn (Keller, 2000). Keller’s
ARCS model implies that to motivate students, their attention needs to
be captured and sustained, relevance to learning content should be
stated, and students’ feelings of success must be obtained and rewarded
(Li and Keller, 2018).

The ARCS model has been applied to motivational instructional
design and to reporting the motivation variable with quantitative and
qualitative methods in various educational settings (Li and Keller,
2018). Keller (2008) has presented the theory of motivation, volition,
and performance (MVP), where learners’ motivational processing leads
to learning processing. Learners’ curiosity to explore the learning task
(attention), to understand its value (relevance), and to rely on achieving
performance goals (confidence) are the phases of motivational pro-
cessing. At the end of this process, learners evaluate their expectations
and efforts with performance consequences (satisfaction).

Keller (1999, 2000) defines the motivational components of the
ARCS model as follows. Students’ attention can be captured with new or
unexpected events that instill variation into instruction. New and stim-
ulating teaching methods not only help to gain attention but also help
sustain it. A suitable number of challenges or problems stimulate stu-
dents mentally and arouse curiosity. Relevance, as a component of stu-
dents’ motivation, means that students perceive personal relevance in
instruction. Relevance means believing that the instruction is related to
the learners’ prior learning experiences and personal goals, such as ac-
ademic or future job requirements. Relevance means ensuring that
students perceive value in instruction and learning. This requires
convincing the student that what they are learning is relevant for
developing their knowledge or skills in the scope of the course. Confi-
dence is connected to feelings of success in developing skills. Low con-
fidence is often caused by unclear expectations regarding objectives or
acceptable achievements. Success in connection with personal effort or
ability improves confidence, and failure decreases it. Satisfaction refers
to students’ positive feelings of accomplishments and positive learning
experiences, where both intrinsic motivation and extrinsic reward are
combined. Tangible evidence of success, such as points or grades, may
help sustain motivation. Fairness and a sense of equity must be ensured
if these kinds of extrinsic rewards are used.

3. Research method
3.1. Research design

The research process of this study is summarized in Fig. 1, and the
following subsections elaborate on the process phases.
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Our study adopts a quasi-experimental design following a one-group
(i.e., no control or comparison groups) posttest-only (i.e., effect of the
GBL method measured post-game) design (Kirk, 2009). We employed a
mixed-method approach, including both qualitative and quantitative
methods of data collection and analysis (Creswell, 1999; Tashakkori and
Creswell, 2007). The data were collected post-game with student feed-
back surveys that included Likert-scale questions derived from the ARCS
model and open-ended questions related to students’ motivation to
learn. Data analysis was performed using the ARCS model as a
framework.

The Likert-scale questions were analyzed using descriptive statistics,
but we considered that a deeper understanding of students’ observations
and opinions of GBL in project management through qualitative data
was necessary to cross-validate the quantitative results. Consequently, a
qualitative content analysis of the open-ended questions was performed.

3.2. Quasi-experiment: Project Business Game as the GBL method

We used a non-commercial, university-built computer game envi-
ronment called Project Business Game (PBG). We carried out 10 quasi-
experiments in 10 different project management courses in six Euro-
pean universities (Table 1). Each quasi-experiment was a one-group test
in which all students received the treatment (i.e., played the game), and
there were no comparison groups. We measured the treatment effect
with a posttest-only design, meaning that the effect of our GBL method
on students’ motivation was measured after they played the game.

PBG is a digital educational game environment used in web browsers
that aims for an active and experiential learning experience in project
management education. The game environment is highly tailorable ac-
cording to the planned duration, learning topics, or goals. Due to its
configurability, the game environment can be easily adapted to simulate
different types of project management phenomena or processes,
depending on the expected learning outcomes of the course, module, or
class. Fig. 2 illustrates the user interface of PBG and its key
functionalities.

The basic idea of the game is that a player (a student) acts as a project
manager and makes informed decisions about project management is-
sues to deliver the project successfully, e.g., on schedule, budget, and
quality. The game is turn-based, and turns simulate project schedules. In
practice, the player reserves needed contractors, orders materials, allo-
cates resources to project tasks or sub-tasks, and then proceeds to the
next turn by pressing the current turn indicator button. Depending on
the game configuration, turns can be days, weeks, or months. The
project includes a sequential task network in which task dependencies
define the order of completion. The game narrative and context help
students adjust to the situation.

As in real-life projects, there is uncertainty that causes unexpected
events or risks during gameplay. For example, new customer requests,
problems with subcontracts or material deliveries, or bad weather
conditions may cause delays or generate extra costs that affect the
project. Game events require informed actions and decisions from the
player. For instance, a player may decide to accept or reject new
customer requests that again further influence the project—e.g.,

> Data
analysis:
. Data y . Research
: Quasi- . Descriptive _—
Theoretical . collection: . findings,
. experiments: statistical . g
framework: S Student | v discussion
ARCS model ) —* feedback s and
Business qualitative i olications
Game as GBL Surveys content impfica
method analysis

Fig. 1. Research process.
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Table 1

Details of the quasi-experiments.
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Learning solution name

Expected learning outcomes

University and country

Date

Course
level

N of
students

Survey
response rate

1. Building a chemical
plant (ChemX)

2. Building a townhouse

3. Concurrent engineering

4. Production line design
and implementation

5. Production line
investment

6. Production line
investment

7. Project portfolio
management

8. Project portfolio
management
9. Project progress control

10. Project risk
management

.

.

Identify the main cost elements in an industrial investment
project

Understand the importance of product life-cycle costs and
operational expenditure (OPEX) when determining the profit-
ability of an investment

Understand different phases and tasks in an industrial
investment project

Understand the business implications of decisions made during
the project

Identify and manage typical risks in an industrial investment
project

Utilize activity network calculation in the management of the
project schedule

Estimate the project progress and application of earned value
analysis in the estimation of total cost and time at completion
Identify and assess risks and their effects as well as plan risk
management responses

Understand the implications of uncertainty and risks for project
schedules and procurement management

Calculate the project budget and understand the importance of
contingency planning and management

Explain the basic principles of concurrent engineering

e Solve a basic concurrent engineering problem

Examine a concurrent engineering problem using the design
structure matrix

Devise a solution for managing the risks associated with fast
tracking (and concurrent engineering)

Consider how uncertainty influences the project and take this
into account in managing the project

Follow the progress of the project and factors influencing
project progress

Steer the implementation of the project as needed

o Critically evaluate one’s own performance in managing the

project

Evaluate how the decisions made during the project influence
the total value of the investment

Understand how the engagement of internal stakeholders and/
or early integration of key subcontractors influence project
success

Identify and manage typical risks in small investment projects
Analyze project success from the perspective of different
stakeholders

(The same as above)

Assess a portfolio and its projects critically and create a plan for
portfolio management

Allocate resources efficiently (optimize) to maximize portfolio
value

Comprehend the complexity and dynamism of decision-making
in managing project portfolios

Recognize the need for changes in project priorities and
resource allocation

(The same as above)

3

Comprehend the complexity and dynamism of decision-making
in project management

Analyze how project complexity and uncertainty influence
project cost, schedule, and quality

Apply earned value method to compare project progress against
baseline budget and schedule

Recognize the need for changes in project plan and resource
allocation during project implementation

Recognize the role of systematic and continuous PRM process
for project management

Identify and analyze risks and uncertainty in projects

Apply risk and uncertainty management principles and tools in
projects

Comprehend how different decisions/choices influence project
risk level

University of Oulu,
Finland

University of Oulu,
Finland

University of Adger,
Norway

Tampere University,
Finland

Technical University of
Darmstadt, Germany

Uppsala University,
Sweden

Technical University of
Darmstadt, Germany

University of Oulu,
Finland

Aalto University,
Finland

University of Oulu,
Finland

Nov
2021

Nov
2021

Oct
2021

Dec
2021

Oct
2021

Oct
2021

2021

Feb
2022

2022

2021

Master

Bachelor

Master

Bachelor

Master

Bachelor

Master

Master

Master

Master

49

398

30

360

134

100

121

26

36

55

24%

13%

47%

16%

30%

40%

43%

42%

72%

25%




E. Jadska et al.

= Project Contractors Materials Personnel Contract c 1

Reserve and Order
manage
subcontractors

Hire/fire/train View spent
materials from project funds/project
suppliers persons/teams budget

Project task
network view

% 100 @ 0

Project Leadership and Society 3 (2022) 100055

Current turn Progress
indicator

This turn available

Upcoming (in tumns)

Resequence tasks 6 & 7 RESEQUENCE

Change subcontractors CHANGE

oFF @

Cost performance index (CPI): NaN

Warehouse protection

Schedule performance index 0
(SPI):

Weather forecast

Game dashboard: project
progress, available and
upcoming resources etc.

Fig. 2. Example of the user interface of Project Business Game.

accepting a customer request can create additional customer value—but
concurrently, the project’s scope expands, making it difficult to stay on
schedule. Players are required to plan gaming strategies before and
during the game, to solve problems, to select between options as they
arise, and to take or mitigate risks.

We configured eight different games using the PBG game environ-
ment. Each game is part of a learning solution with its own learning goals,
outcomes, and materials, as described in Table 1. Besides the game itself,
a learning solution includes a package of instructions and supporting
documents for both teachers and students. A learning solution includes
pre-materials that help with preparations for the game session (e.g.,
scientific articles, game instructions, and case/game descriptions,
including learning outcomes and game objectives), assignments (e.g.,
pre-game exercises related to the project management topic), and the
game itself, tailored for teaching the specific project management topic
and post-material (e.g., post-game analysis/assignment including feed-
back and reflection). Learning solution materials and game links were
delivered to instructors via e-mail.

The learning solutions were implemented in 10 different project
management courses in six universities in Finland, Germany, Norway,
and Sweden during autumn term 2021 and spring term 2022. Table 1
contains details of the quasi-experiments, including learning solutions,
expected learning outcomes, and context.

The expected learning outcomes of each learning solution can be
associated with project management knowledge areas and key compe-
tences of project managers (PMI, 2021). As an example, the Project risk
management learning solution can be used to teach students how to
identify and analyze risks before and during a project and thus how to
manage uncertainty in projects. Players can practice their skills, such as
critical thinking and decision making, with the game, which prepares
them for real project management work.

3.3. Data collection: Student feedback surveys

We collected data through post-game feedback surveys. Each survey
was voluntary and anonymous and consisted of three sections: a back-
ground section, Likert-scale questionnaire section, and open-ended
question section. We also disclosed that the data will only be used for
research purposes. All sections needed to be fully completed to submit
the survey, so there were no incomplete survey responses.

In the first section, we collected background data from each student

(gender, birth year, educational background, work experience in years
related to project management, previous experience with computer
games, and previous experience with educational games) to develop a
contextual understanding of the student samples in each experiment. In
the second section, we designed a symmetric 5-point Likert-scale ques-
tionnaire for each learning solution to gather data after the PBG game-
play sessions about students’ subjective experiences of and motivation
to learn using the piloted GBL. Surveys using Likert-scale questionnaire
can be used to quantify subjective, qualitative attributes such as atti-
tude, perceptions, and opinions (Joshi et al., 2015), which is appropriate
for our research purposes of measuring students’ perceptions of their
motivation.

We operationalized motivation in this study by applying Kellers
ARCS model (Keller, 2000), because of its suitability to instructional
design. We also relied on other research papers that had utilized Keller’s
model in surveys to study students’ motivation to learn in other con-
texts, e.g. (Kebritchi et al., 2010), and (Huang et al., 2013). We analyzed
and utilized similarities and best practices of these papers for contex-
tualizing Keller’s model to our research purposes. We also relied on our
earlier experiences of other PBG pilots and related student feedback
surveys in other contexts.

In the second section, students were asked to respond to 16 state-
ments measuring their motivation using a 5-point Likert scale, where 1
denotes strongly disagree, 2 disagree, 3 neither agree nor disagree, 4
agree, and 5 strongly agree. Following the ARCS model, the question-
naire included questions related to their attention (questions A1-A4),
relevance (questions R1-R4), confidence (questions C1-C4), and satis-
faction (questions S1-S4). An example of this part of the student feed-
back survey with the ARCS model constructs is provided in Appendix A.

In the third section of the questionnaire, we included an open-ended
question to gather qualitative data on the research phenomenon. The
purpose was to delve beyond the Likert-scale statistics and comprehend
students’ experiences and motivation more profoundly.

3.4. Data analysis: Descriptive statistical analysis and qualitative content
analysis

The data analysis was twofold. First, we used descriptive statistics to
report the mean and standard deviation values for each Likert-scale
question (Boone and Boone, 2012). To gauge the variation in the re-
sponses between students caused by the background variables and
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between-samples from the 10 quasi-experiments, we performed
between-groups comparisons for the background variables and each of
the 16 Likert scale questions. Due to the ordinality of the Likert scale and
skewed distributions of the responses, the Kruskal-Wallis (K-W) test was
used, as suggested by Lantz (2013). Logistic regression was used to
analyze the relationship between the year of birth and the Likert scale
questions. We used Minitab 19 software for these analyses. Subse-
quently, we created a pooled sample due to the homogeneity of the ten
samples (see Section 4.1 for further reasoning), tabulated the data, and
calculated the mean and standard deviation for each Likert scale ques-
tion (Boone and Boone, 2012).

Second, the qualitative analysis followed a qualitative content
analysis approach adopted from Miles et al. (2014). We analyzed stu-
dents’ open-ended inputs with Nvivo to identify themes, issues, and
topics that influenced students’ motivation when participating in the
quasi-experiments. We stayed open to both positive and negative feed-
back to understand which issues were considered beneficial or helpful
and enhanced motivation and which issues were considered stressful or
disturbing and decreased motivation. We then compared the similarities
and differences of the open-ended findings and connected them with the
ARCS model components to provide further support for the statistical
findings.

4. Research findings
4.1. Student sample analysis

The analysis of the students’ background data indicated that the
quasi-experiments included very similar student samples (see Appendix
B for details). Most of the students in all experiment groups were
bachelor’s students, and they had less than two years or no experience of
project management work. Their experience of using educational games
previously was also similar between sample groups.

To further study the student profiles and ensure the trustworthiness
of our findings, we performed statistical tests (K-W and logistic
regression) on the background variables introduced in Section 3.3 and
Appendix B (six variables) and the Likert scale survey questions (16
questions). A total of 19 statistically significant (p < 0.05) effects were
found out of the 96 relationships. However, the effect sizes were negli-
gible in all these correlations. For example, even though the difference
between the mean answers of females and males on question S2, “I felt
gaming stressful,” was statistically significant (p < 0.003), both groups
still disagreed on this statement. The disagreement on the Likert scale
was, on average, only 0.4 units stronger for males. Overall, none of the
96 correlations included contrasting opinions. Therefore, we concluded
that the background variables had little to no effect on the findings and
conclusions from the survey.

In addition, we performed statistical K-W tests and interval plot tests
between the quasi-experiments and Likert-scale survey questions to
determine whether the different experiments yielded similar findings.
The null hypothesis was that Likert-scale question medians were equal
between the quasi-experiments. In 14 out of 16 questions, we rejected
the null hypothesis, as there was at least one statistically different quasi-
experiment. However, the differences were not systematically from any
particular learning solution but seemed random (i.e., changed from
question to question without any pattern or clear logic), meaning that
there were no clear outlier quasi-experiments. Additionally, the differ-
ences (effect sizes) were small in general and, most importantly, did not
include contrasting answers, except for two questions. First, quasi-
experiments Building a chemical plant (ChemX) and Concurrent engineer-
ing agreed with statement S2 I felt gaming stressful (median 4 and 3.5,
respectively), whereas the other quasi-experiments disagreed or were
neutral on this statement. Second, the quasi-experiments Concurrent
engineering and Production line investment (5 in Table 1) agreed with
statement A4 Learning the game rules and mechanics felt frustrating (me-
dian 3.5 and 4, respectively), whereas the other quasi-experiments
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disagreed or were neutral on this statement. These were the only dif-
ferences with slightly contrasting answers, and the answering tendency
was otherwise similar among the quasi-experiments on all other ques-
tions. Thus, we are confident in concluding that there were no system-
atic differences between the different quasi-experiments, and we believe
that the 10 quasi-experiments included enough homogeneous samples to
justify the pooled sample approach in our main analysis.

4.2. Summary of quantitative findings

Because the student sample analysis in Section 4.1 indicated that the
student samples in the 10 quasi-experiments were rather similar,
creating a pooled sample of 319 survey responses was justified. The
descriptive statistics of the pooled sample are shown in Table 2,
including frequency per Likert scale category, mean, and standard de-
viation values.

The statements listed in Table 2 were used to evaluate how the use of
GBL influenced students’ motivation, measured as attention (questions
A1-A4), relevance (questions R1-R4), confidence (questions C1-C4),
and satisfaction (questions S1-S4). In the following Subsections 4.3-4.6,
we will elaborate the quantitative findings related to each ARCS
component by concurrently connecting and explaining the qualitative
findings with illustrative quotes that support the findings.

4.3. Influence of PBG on students’ attention

Looking at the influence of our PBG on students’ attention, it seems
that students regarded gaming as fun, exciting, and intriguing enough to
capture their attention (A1l and A3). The mean value of survey statement
Al “I think learning from gaming was fun and exciting* is the highest of
all survey statements, as 84% of students agreed or strongly agreed with
this statement. Statement A3 about game content and flow also captured
students’ attention, since most of the students agreed (54%) or strongly
agreed (18%) with the argument.

Many students also mentioned in their open-ended answers that they
liked the game and had fun while playing. As one student stated, “It [the
game] was nice! Very cool idea!” Some of the students had felt the PBG
experience enjoyable and stimulating even if they did not have earlier
experiences with playing educational games. The game was regarded as
intuitive to play, and it offered an insightful experience to learners. The
novelty of the PBG method was also appreciated. The following quote
from one student illustrates this: “After understanding the way it works, it
is good. It is nice that you develop new ways to learn.” This feedback res-
onates with survey questions Al and S1 as well.

Half of the students did not consider the game too easy to play (50%
in A2), which would potentially have made students feel bored or
distracted their concentration and attention from the game and learning
objectives. As one student said, “Thanks for [the] game. I think that [the]
game has a good balance of complexity and the environment looks engaging. ”
While 17% of the students felt that there was not enough challenge, only
5% felt so strongly. Thus, it seemed that a suitable number of challenges
and problems stimulated students to maintain their attention.

Learning the game rules and mechanics requires extra effort from
students in addition to all other learning requirements, which might feel
burdening (A4). Nearly half of the students did not consider learning
how to play the game frustrating (45%), while 29% experienced nega-
tive feelings. Students’ open-ended answers indicate that some students
felt insecure about how to play the game and what the rules were. A lack
of sufficient time to learn the game mechanics and environment prior to
the game session was also mentioned.

A great deal of the open-ended answers were about game in-
structions, which were regarded as missing or incomplete. Typically,
each quasi-experiment (learning solution) included a practice game that
was played or presented by the instructor, but obviously that was not
always enough, especially, one can surmise, for those who had little to
no experience with games in general. A demo video presenting the game
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Table 2
Pooled sample: descriptive statistics of students’ perceptions of GBL experience (n = 319).
Survey statement Strongly disagree Disagree Neutral Agree Strongly agree Mean Standard
Deviation
Al I think learning from gaming was fun and exciting 2% 5% 9% 39% 45% 4.2 1.0
A2 There was not enough challenge and complexity in the game 12% 38% 28% 17% 5% 2.6 1.0
A3 The game content and flow captured my attention 3% 7% 18% 54% 18% 3.8 0.9
A4 Learning the game rules and mechanics felt frustrating 12% 33% 26% 21% 8% 2.8 1.2
R1 I understand what kind of real-life situation the game simulated 3% 3% 12% 58% 23% 3.9 0.9
R2 I felt like learning 3% 7% 12% 60% 18% 3.8 0.9
R3 It is apparent to me how to use the learnings from this gameplay 3% 8% 26% 54% 10% 3.6 0.9
R4 The narrative and game environment were disconnected from reality 6% 38% 38% 16% 2% 2.7 0.9
C1 The game increased my interest in learning project management 2% 8% 26% 49% 16% 3.7 0.9
Cc2 I could apply the theory that was taught in this course in the game 4% 6% 23% 53% 13% 3.6 0.9
Cc3 I think I learned from my success and failure in the game 3% 3% 12% 53% 29% 4.0 0.9
C4 The game motivated me to progress and get better 2% 3% 17% 54% 24% 3.9 0.8
S1 I enjoyed participating in this game-based learning session 2% 4% 10% 52% 32% 4.0 0.9
S2 I felt gaming stressful 18% 35% 25% 16% 7% 2.6 1.1
S3 I prefer other learning methods over game-based methods 7% 35% 38% 14% 7% 2.8 1.0
S4 I wouldn’t like to be graded according to my game result 8% 18% 28% 24% 24% 3.4 1.2

mechanics, user interface, and environment was available in some of the
quasi-experiments (e.g., Building a townhouse, Project portfolio man-
agement, and Project progress control). Many students expressed frus-
tration and negative feelings because they had not been familiar with the
game mechanics and therefore made mistakes or errors in the game that
could not be undone later on. The following quotes illustrate this:

“It would have helped to have a demo video of the game, because I
didn’t get how to play the game only by instruction and trying out.”

“I think the most important part of learning via games is to have a
deep understanding of the rules and the user interface prior to
starting the game.”

“[There is a need to ...] have adequate and precise instructions on how to
play the game beforehand.”

Interestingly, negative affections due to lack of competence in
playing the game did not correlate with answers to survey questions
measuring their confidence or satisfaction. For example, statements C1
“The game increased my interest in learning project management,” C4
“The game motivated me to progress and get better,” and S1 “I enjoyed
participating in this game-based learning session” were evaluated using
the whole scale, varying from strongly disagree to strongly agree. Some
students just pointed out that there could have been better instructions
available but were positive in their questionnaire answers of confidence
and satisfaction, whereas others felt the lack of guidelines bothersome,
which reflected negatively on their game experience.

4.4. Influence of PBG on students’ perception of relevance

Relevance refers to students’ perceptions that the instruction is
related to learners’ personal goals of developing their knowledge and
skills for current and future use. We asked students to evaluate how they
understood the game’s ability to simulate real-life phenomena (R1). The
statement was formulated to comprehend whether students were able to
observe the game’s connection to real project phenomena they were
supposed to learn with the game. Most of the students (81%) agreed with
this statement; furthermore, only 18% agreed with statement R4,
arguing that the narrative and game environment were disconnected
from reality. As one student described, “The game was a good tool to
simulate real life.” However, some students mentioned that the game was
not entirely realistic, which may have hindered its relevance: “Some
occurrences were a bit random in the game ...” and “Some of the events were
difficult to comprehend.”

Statement R2 “I felt like learning” was intentionally formulated as
short and open to capture an overall sense of learning with the game.
78% of the students thought that the game experience helped them to

learn—an extremely positive response. Students’ positive answers (64%
agree/strongly agree) to statement R3 “It is apparent to me how to use
the learnings from this gameplay” resonate with answers to R2, which
may explain why students felt like learning.

Students’ open-ended answers revealed that they seemed to under-
stand and appreciate the connection of the game to real projects and
think that their skills to understand and apply their learnings were
improved. The PBG quasi-experiments provided students with an envi-
ronment in which topics covered in lectures or learning materials could
be applied and tested with a pragmatic and problem-based exercise.
Students said that they believed they were able to learn while gaming
because the game simulated project events that might occur in the real
world. Practicing skills such as decision making and risk management
with the game were seen as important. The following quotes are ex-
amples from students’ open-ended answers that illustrate the above:

“The game was an excellent environment to demonstrate the
complexity and dynamism of decision-making in projects; there were
so many considerations to be made at each round, and decisions
affected other decisions ...”

“I learned ... How to find out risk. How to manage things that
practically do not fail. So it was a good learning experience.”

“The game was a good tool to simulate real life.”

4.5. The influence of PBG on students’ confidence

Students’ confidence as a motivational component is connected to
their feelings of success in developing their skills. Most of the students
(65%) agreed or strongly agreed with statement C1 “The game increased
my interest in learning project management.” The open-ended answers
highlighted how students considered that the game was engaging, added
value, and supplemented the course lectures. For example, one student
described this as follows: “This [PBG] is an excellent manner to create
interest in Project management.” Another student corroborated this view:
“I'd say that the game really addressed very important aspects of project
management.” Those few students who disagreed with this statement
had, e.g., experienced problems regarding the game instructions or
functionalities that likely decreased their confidence, as introduced in
Subsections 4.3 and 4.4 above.

Students also expressed that they were able to apply the lessons from
lectures in the gameplay and that the game had addressed important
project management theories (C2). For instance, one student noted that
“... overall this is definitely a good start to engage project management and its
principles.”

connection between player decisions and game events. Students
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Table 3
Synthesis of the research findings.

Project Leadership and Society 3 (2022) 100055

Construct Definition Students positive perceptions Students$ negative perceptions
Attention Students’ interest is gained and maintained with variation e Suitable amount of challenge and e Not sure how to play the game
and challenge complexity e Lack of gameplay instructions
e Excitement, a new and nice way to learn
Relevance Students understand the value of instruction and can connect e Learning project management by e Unrealistic or awkward events in the game
it to their prior learning and personal goals practice with a game
e Understanding how to utilize lessons
from the game in real life
Confidence Students develop their skills with successful learning o Learning from success and failure in the o Unexpected events in the game, which could not be
experiences. game utilized, anticipated, or prepared for
o Ability to apply lessons from theory in o Insecurity regarding game rules and mechanics
gameplay
e Increased interest in learning project
management
Satisfaction  Students feel satisfaction as they increase their competence o Feelings of enjoyment and fun e Feelings of stress and dislike

and are rewarded.

Grading based on game results not seen as good or
fair

e Game crashes or error situations

Dislike for the GBL method

indicated in their comments that they had felt the game user interface or
functions were incomplete or misleading and that it complicated
applying the central lessons from the course. For example, a student
reflected as follows: “Expedition’s [a feature in the game] functionality
wasn’t clear. The need for it only came up after the delay already occurred
and it was hard to estimate when to use it.”

Success and failure in gameplay inspired students to try the game
again for better results. Students evaluated that success and failure in the
game helped them to learn project management phenomena (C3 - 82%
agree/strongly agree). Moreover, students were confident that the game
encouraged them to progress and get better (C4 — 78% agree/strongly
agree). For instance, one student described that “You wanted to get better
and get the best score and try different approaches ...” Reasons for negative
experiences related to statements C3 and C4 were not easy to identify
from students’ open-ended answers, except that missing instructions or
incompleteness in some of the game functionalities were mentioned
again: “It is nice that the game is not bloated with unnecessary features, but
some more animations and sound would make it feel more complete.” As
another student expressed, “I felt like there were too many random events to
increase the challenge, to the point that halfway through you lost interest in
trying to get the best possible outcome.”

4.6. Influence of PBG on students’ satisfaction

We evaluated students’ intrinsic enjoyment and the role of extrinsic
rewards in connection with PBG with statements S1-S4. Most of the
students (84% agree/strongly agree) answered that they had enjoyed
participating in the GBL session (S1) and mentioned this in their open-
ended answers explicitly. For example, as one student wrote, “Howev-
er, the game was very good and it was fun to play it. More projects like this in
the future!” Statement S2 sought to partly measure the opposite of S1,
and it indicated that 23% (agree/strongly agree) were not satisfied with
the game, as they had felt stressful. The open-ended answers yielded an
understanding of the factors that explained why students felt stressful or
were in general unsatisfied. One major reason was that there were some
error situations in the different quasi-experiments due to technical
problems with computer equipment or bugs in the respective game that
had gone unnoticed thus far. As one student wrote, “[The game was]
Good but the game was broke. When I tried to go into the charts, [the] game
crashed. ” Another student described the following: “The game froze in the
same point continuously. Couldn’t get past the point where you had to report
to the bank manager after first try.” However, students who mentioned
serious technical problems in their open-ended answers were otherwise
positive in their other feedback.

While most of the students felt that they liked the game, others
expressed honestly that they just did not like this particular game, even

if they usually liked games in general. As one student elaborated, “I like
games, but didn’t like this one. It was stressful and felt [like a] really big
project to start.” They expressed in their open-ended answers that the
game was not good, they did not like the game as a learning method, and
familiarizing themselves with the assignment and playing felt stressful.
These students’ answers to statements Al “I think learning from gaming
was fun and exciting,” R1 “T understand what kind of real-life situation
the game simulated,” and R2 “I felt like learning,” were accordingly
strongly negative. Based on the survey answers, these students also felt
gaming stressful and that learning the rules and mechanics of the game
was frustrating.

Statement S3 “I prefer other learning methods over game-based
methods” was asked to understand at a more generic level whether
students favored other learning methods over GBL methods. Students
both disagreed and agreed with this statement, and 38% of the responses
were in the “neutral” category. Students who stated that some other
educational method would have been better evaluated GBL methods as
appropriate and enjoyable regardless.

Statement S4 sought to understand how tangible evidence of success,
such as scores or grades, affects extrinsic motivation. The findings
related to statement S4 “I wouldn 't like to be graded according to my game
results” revealed that 48% of students were not content with grading
based on success in the game. This is a relevant concern because grading
might not be fair because of game features (e.g., stochastic events or
luck) or technical and human errors that negatively influence the game
outcome. Computer performance or internet connection instability may
also influence game results negatively. Students expressed in their open-
ended answers that other game-related assignments (e.g., preparing a
project plan for the game) together with game results would be a more
appropriate way to assess students’ performance. That is, if extrinsic
motivation is used, it should be fair and equal to all students. Statistical
analysis of survey results clearly indicates that students would not like to
connect assignments or course assessments with the game results. The
following quotes are examples from students’ open-ended answers that
illustrate the above:

“To me it seemed that there might’ve been some bugs or features that
felt a little unfair for the player.”

“I wouldn’t like to be graded according to my game result, because
[the] second time I really tried and got [the] same result when ‘just
trying.””

“Course assessment should be based on other game-related course
assignment like Excel-file and report to realize the actual effort and
learning.”

We synthesized the main observations from the student feedback
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surveys in Table 3, which summarizes how our PBG as a learning
method influenced students’ motivation to learn project management.
Both key positive and negative perceptions are presented.

5. Discussion

Overall, our empirical findings suggest that the use of PBG as a GBL
method influenced students’ motivation to learn project management.
We observed both positive and negative insights from the survey ques-
tionnaire, which can be considered when GBL methods are planned for
use in project management higher education. Overall, our study com-
plements the previous understanding of the role of GBL methods in
enhancing students’ motivation (Barbosa and de Avila Rodrigues, 2020;
de Freitas, 2018) but also yields a new understanding of some of the
factors that may decrease students’ motivation. More importantly, this
study offers a new understanding of the potential remedies, i.e., concrete
practices, that can be used to mitigate the identified factors that
decrease students’ motivation.

5.1. GBL methods sustain students’ attention

Our quasi-experiments showed that the use of GBL methods in
project management education can capture and maintain students’
attention if they are complex enough and provide challenge and excite-
ment. These findings resonate with previous research on the role of
challenge and complexity in GBL methods in capturing students’
attention (Huang et al., 2013; Martin-Hernandez et al., 2021) and in the
project management education context (Barbosa and de Avila Rodri-
gues, 2020; Law, 2019). The students experienced the PBG as capti-
vating and responded that the game was not too easy to play, which
would have made the gameplay boring or a routine-like activity.
Unanticipated challenges and the complexity of the game, together with
time pressure for playing, are the means that can be considered to create
positive stress for students, helping to hold their attention in the learning
process. However, as the findings indicated, a lack of proper induction
may make the gameplay too complex, contributing negatively to stu-
dents’ attention. For example, some students raised concerns about
missing or incomplete game instructions, and these students felt that
they did not know how to play the game and what the rules were. An
unintentional consequence of the previous issue might have been that
students tried the game several times because in the first try, they
focused on gaining understanding of the game mechanics, and in the
subsequent rounds, they could focus more on the game and learning.

GBL methods should contain not only the game itself but also rele-
vant and required documents, videos, or other supplementary materials.
This forms a coherent learning solution that adjusts the overall
complexity and challenge of the game to suit the context at hand.
Finding a balance in complexity may require teachers to try various
educational games with different student groups. Configurable games
like the studied PBG will enable adjusting the level of complexity ac-
cording to students’ earlier knowledge or expected learning outcomes of
the course. Additionally, multiple opportunities for playing the game
with varying difficulty adjustments can help hold students’ attention.
The findings above support the notion that challenge and complexity in
educational gaming and related assignments can cause positive stress
and facilitate capturing students’ attention (Hamari et al., 2016; Shute
et al., 2015). However, previous studies have also observed that it is
difficult to find a balance in game complexity and challenge and that too
much challenge can be counterproductive from the perspective of
maintaining students’ attention (Lomas et al., 2017). While previous
research has identified the game complexity and challenge dilemma,
there is little understanding of the remedies, i.e., concrete means and
practices to find a balance, especially in the context of project man-
agement education. Consequently, our study contributes to previous
research by showing how adjustable and configurable GBL methods,
sequential game settings with variable complexity levels, and
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appropriate supplementary materials are concrete practices to find a
balance in game complexity and challenge that support not only
capturing but also maintaining students’ attention throughout the
learning session.

5.2. GBL methods enable students to understand the real-life implications

According to our findings, students understood what kinds of real-
life phenomena the game simulated and expressed feelings of learning,
which is an indicator of students’ comprehension of the relevance of the
GBL method. That is, PBG enabled students to practice real-life project
management skills with pragmatic and realistic assignments. Students’
feedback revealed that they could associate the game events and related
dynamism and complexity with project management competence re-
quirements that exist in real-life project work. Our findings suggest that,
in the project management education context, it is relevant to design and
develop GBL methods such that they simulate project processes and
events sufficiently realistically. This is, according to our analysis,
essential for students’ comprehension of the relevance of the GBL
method.

However, some students raised concerns related to game events that
did not appear relevant or realistic or that happened too often or sud-
denly. Unrealistic events or awkward functionalities in the game can
detach the game from relevant, real-life project phenomena. Therefore,
special attention should be paid, for example, to contextualization and
game narrative when designing GBL solutions. We, for instance, devel-
oped some of the learning solutions (e.g., Building a chemical plant
(ChemX) in Table 1) together with industry partners that helped us to
develop realistic game narratives and contexts that include actual tasks
and events from similar real-life projects. This way, educational games
can avoid the pitfalls related to unrealism that otherwise impede stu-
dents’ understanding of the real-life implications of the game. Addi-
tionally, collaborating with industry partners enabled the development
of educational games that function as a test environment or “laboratory”
to learn project management skills in practice in a safe environment
without severe negative consequences. In the GBL environment, stu-
dents can make mistakes and learn project management skills even ‘the
hard way’ before entering real-life project work, where there is much
less room for errors.

Furthermore, GBL methods as a test environment offered possibilities
for trial and error, yielding both successful and unsuccessful outcomes
that boosted students’ confidence and interest in learning project man-
agement phenomena and skills. As stated in the previous paragraph, GBL
methods enable a contextual learning environment to develop project
management skills, the importance of which is emphasized by Svejvig
and Andersen (2015) and Winter et al. (2006). Typically, in GBL setups,
students first listen to a lecture, watch a video, or study other materials
related to the study subject. Then, to internalize theoretical lessons, they
will need an environment to try their lessons in practice (i.e.,
knowledge-to-action learning), which was done in our experiments.
Most of the students indicated that they were able to apply theoretical
lessons in practice in the game. However, some students argued that
overly surprising events in the game caused unsuccessful outcomes,
decreasing their confidence and interest. Despite some of the negative
perceptions caused by unexpected game events, the findings also
showed that these game events are appropriate for teaching project
uncertainty and risk management as long as the GBL solution is designed
in such a way that it offers enough means to prepare for dealing with or
tolerating uncertainty. Real-life projects contain uncertainty, such as
risks, change requests, and surprises, which the game events simulate. A
minority of the students may have regarded such game events as
“random” or unfair, but these unexpected events also illustrate and give
concrete examples of what might happen in real-life projects. Therefore,
we assume that educational project management games may prepare
future project managers to tolerate uncertainty and face both success
and failure.
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The above findings elaborate on the previous understanding of the
role of GBL methods in enabling practice-based learning in higher ed-
ucation for project management (Anastasiadis et al., 2018; Jaaska et al.,
2021; Rumeser and Emsley, 2019; Jaccard et al., 2022) by highlighting
that GBL methods are not just practical games but should include
carefully planned simulative elements. This enables a realistic test
environment where students can put theoretical project management
lessons into practice to gain confidence through trial and error.

5.3. GBL methods are also about fun and enjoyment in project
management education

GBL methods can provide satisfaction in project management
learning through positive affections. In our quasi-experiments, we
observed that students experienced positive feelings of enjoyment, ac-
complishments, and fun. Some students said, that they liked the game
and would like to see similar methods to be used in the future as well. On
the contrary, learning the game and gameplay itself had felt stressful for
some other students. Feelings of stress and dislike can be caused by
personal preferences regarding other learning methods, which was also
measured with one of the survey questions. Some students may not want
to try novel methods, but prefer more conventional teaching like lec-
tures or written assignments. Complicated user interface, difficult game
mechanics and game crashes or bugs may disturb students’ satisfaction,
but will not completely prevent satisfaction. Therefore, a thorough
educational game evaluation and selection is crucial: the game should be
reliable, error-free and designed according to expected learning out-
comes. These findings are in line with previous research on project
management education that has identified technical unreliability, un-
balance or instability of GBL environments a challenge for both learners
and instructors, which may compromise the use of GBL as an educa-
tional method (Jaaska and Aaltonen, 2022; Marklund and Taylor, 2016).
Unclear game rules and confusion regarding game mechanics affect
attention, confidence, and finally satisfaction, and should be accounted
for in designing game instructions and induction materials.

Tangible rewarding affect satisfaction of learning experience (Keller,
2000). Tangible evidence of success like points or grades may help
sustaining motivation, but our study reveals, that students would not
like to be graded (i.e., summative assessment) based on game results.
The reason for being careful with the connection of game results to
assignment or course assessment is, that students think it can be unfair,
because project management games, like PBG, typically include sto-
chastic events. Therefore, students may associate game results with luck,
because of different game experiences and difficulty of game sessions
score-wise. However, this comes back to our earlier point above related
to designing GBL solutions in a way that they offer enough means to
prepare for dealing with uncertainty including stochastic events. Also, it
is possible to design GBL methods, where events, whether anticipated or
not, are completely the same for all students (i.e deterministic), for
example happen similarly at similar points in time. This way summative
assessment based on the game results would be fairer to students.
Nevertheless, students were concerned that the game may not give
correct or fair results because of bad luck or errors in game software.
Results could also be misinterpreted resulting in incorrect grading.
However, GBL methods may be well-suited for formative assessment, e.
g., to monitor students’ learning and provide feedback based on stu-
dents’ activities in the game, and help them identify weaknesses,
strengths and areas that require further work.

We suggest that fairness and sense of equity should be ensured when
considering the use of stochastic events and extrinsic rewards in the
design of GBL methods. The above findings related to students’
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perceptions of unfair summative assessment based on GBL methods
resonate with previous findings by Scepanovic et al. (2015) and Jaaska
and Aaltonen (2022) who identified, that teachers have very similar
concerns regarding the use of grading with GBL methods. It is more
important to provide feedback on learning progress than learner’s game
performance (Westera, 2019).

6. Conclusions

This paper reports a quasi-experimental study of students’ motiva-
tion to study project management phenomena in higher education,
yielding a new understanding of the role of GBL methods in project
management education.

6.1. Educational implications

The findings of this study may help teachers and administrators of
educational institutes decide on and plan the use of GBL methods in
instructing project management phenomena and skills. The findings will
help identify key enablers and impediments for implementing GBL
methods successfully. We have synthesized key lessons in the list below
that offer guidance for designing and implementing digital GBL methods
in project management education.

Feelings of excitement and fun are crucial: GBL methods need to
include a fascinating narrative and interesting project context that
help sustain students’ interest.

Suitably challenging games for learning by trial and error:
Educational games should not be too easy or too complex to stimu-
late students’ learning. Configurable game environments and the use
of difficulty levels in games can be used to create variability for
sequential game sessions.

GBL methods are not only about games: Integrating relevant in-
structions, materials, and tools with educational games into
comprehensive learning solutions could help implement GBL
successfully.

Not all students are familiar with games: Appropriate game in-
structions or practice games should be available to ensure that all
students learn the game mechanics and rules before the actual game.
Induction is important: Time needs to be reserved for learning
game requirements, rules, and practicalities so that, when the actual
game is on, students can concentrate on learning from actual game
events.

e Games must be realistic and not just fun: Game activities’
connection to learning objectives and real-word situations should be
ensured with a carefully designed game narrative, context, and
project events, preferably together with industry practitioners.
Games should prepare learners to tolerate uncertainty: Game
should contain features to practice skills such as decision making and
problem solving amid uncertainty and change because project
managers will face both success and failure in real-life projects.
One size does not fit all: Games need to be tailored and contextu-
alized according to expected learning outcomes with appropriate
events. Virtual experience of a real-world project or part of it is
essential for teaching complex and dynamic project management
phenomena and skills.

Pay attention to technical stability: The technical functionality
and reliability of the digital educational game should be evaluated
thoroughly before using it, because incompleteness, bugs, and
crashes of the game cause frustration and negative feelings and can
easily spoil the learning experience.
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o Assessment with caution: Summative assessment can be connected
to game results, but the teacher must ensure that grading is fair.
Stochastic events should not play a major role in game scores, which
can be avoided by using a deterministic game design, which tries to
exclude purely stochastic events. Overall, a game should not have too
large a weight in course or module grading. Instead, formative
assessment is advised.

6.2. Limitations and suggestions for further research

While the findings of this study are limited to a single GBL method,
we experimented with the method in several universities and courses
with different game configurations. While there are always issues with
generalizability, we believe that the findings are relevant to other
educational contexts because the findings were very similar across ex-
periments (hence, the pooled sample). We especially consider that the
educational implications presented in Section 6.1 could be used as
guidelines for applying GBL methods in other contexts as well.

The impact of GBL methods on students’ academic performance and
achieving learning outcomes were not in the scope of this study. How-
ever, the influence on learning outcomes is an important and intriguing
avenue for further research. Thus, we suggest future research to study
educational project management games not only from motivational and
pedagogical perspectives, but also from learning performance perspec-
tives. For example, experiments with sample and control groups could
be used to measure GBL methods effect on achieving expected learning
outcomes.

The present study has some limitations regarding data collection and
analysis. The student questionnaire for data collection was developed
based on the ARCS model to explore the factors that positively and
negatively contributed to students’ motivation when playing the
educational game. Operationalizing motivation is not easy due to its
multifaceted and highly subjective nature. Therefore, we chose a moti-
vational model that has been demonstrated to be appropriate for
educational design in education research. To avoid biased answers, we
designed survey questions containing both positive and negative

Appendix A. GBL experiences survey for students
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statements. We kept the number of questions relatively small to moti-
vate the respondents to answer well and truly. We recognized that the
words used in self-administered surveys are significant and can be easily
misunderstood; therefore, we tried to choose unambiguous and simple
words in our questions.

In this study, we applied a quasi-experimental research design in
which the effect of a GBL method was measured post-game. We did not
have a comparison or control group, but we performed the research with
homogenous student samples to analyze and report the influence of the
GBL method on learners’ motivation. Our purpose was to understand
and explore the factors that contribute to students’ motivation when
playing educational games. Thus, a one-group posttest-only design was a
justified approach to study the feasibility of GBL methods in motivating
project management students. To further quantify the influence, we
advise future research to design experiments with a comparative design
to analyze how different learning methods help achieve students’
motivation and the same learning outcomes.

Our experiments with PBG in various universities were not random
trials but were designed for learning solutions targeted at accomplishing
pre-defined learning objectives, which are documented in this article.
While the game variants could be considered different treatments, they
used a harmonized game platform with similar game mechanics and
characteristics for comparability purposes. In addition, the quasi-
experiments and different learning solutions included very similar stu-
dent samples (i.e., no significant differences between learning solutions
or in relation to students’ background variables), thus justifying creating
a pooled sample in analysis. Students’ self-selection in the learning so-
lutions and sessions is not an issue because we are only interested in self-
selected project management students.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Survey statement Construct
1. I think learning from gaming was fun and exciting Attention
2. I think I learned from my success and failure in the game Confidence
3. I prefer other learning methods over game-based methods Satisfaction
4. I understand what kind of real-life situation the game simulated Relevance
5. There was not enough challenge and complexity in the game Attention
6. I felt like learning Relevance
7. It is apparent to me how to use the learnings from this gameplay Relevance
8. I felt gaming stressful Satisfaction
9. The game increased my interest in learning project management Confidence
10. The game motivated me to progress and get better Confidence
11. I enjoyed participating in this game-based learning session Satisfaction
12. The narrative and game environment were disconnected from reality Relevance
13. I could apply the theory that was taught in this course in the gameplay Confidence
14. I wouldn’t like to be graded according to my game result Satisfaction
15. The game content and flow captured my attention Attention
16. Learning the game rules and mechanics felt frustrating Attention
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Completed education

Project management work

Earlier experience of computer games Earlier experience of educational

experience games
Learning solution name Matriculation Bachelor Master Other No <2 2-5 >10 No  Some Lotof Enthusiastic No Some  Lotof Enthusiastic
exp. years years years exp. exp. exp. exp. exp. exp.
1. Building a chemical plant 75% 25% 50% 42% 8% 8%  59% 33% 75% 17% 8%
(ChemX)
2. Building a townhouse 33% 35% 20% 12% 73% 10% 8% 10% 24% 45% 24% 8% 59% 39% 2%
3. Concurrent engineering 79% 21% 79% 7% 14% 29% 7% 43% 21% 57% 36% 7%
4. Production line design and ~ 46% 44% 9% 86% 5% 7% 2% 2%  44% 35%  19% 37% 59% 3%
implementation
5. Production line investment 82% 18% 60% 30% 7% 3% 15% 50% 28% 7% 52% 48%
6. Production line investment 88% 10% 2% 60% 25% 12% 3% 27% 35% 28%  10% 60% 35% 3% 3%
7. Project portfolio 81% 19% 64% 27% 6% 4% 33% 35% 19%  13% 48% 52%
management
8. Project portfolio 73% 27% 55% 36% 9% 18% 46% 36% 55% 36% 9%
management
9. Project progress control 77% 23% 69% 27% 4% 12% 38% 42% 8% 15% 77% 8%
10. Project risk management 71% 14% 14% 64% 29% 7% 29% 36% 21% 14% 29% 71%

(Table does not include gender and birth-year due to confidentiality.).
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