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1.INTRODUCTION
---------------------
Serious games (SGs) offer a strong value proposition to Project 
Management (PM) educators as they have ‘the advantage of 
enabling participants to be put into complex, realistic project 
situations …’ (Al-Jibouri, 2005). PM education needs this since 
it struggles to educate project managers and team members to 
cope with the actual complexity in projects (Thomas & Men-
gel, 2008). Unlike in engineering or other technical subjects, 
PM students will probably not have the opportunities to im-
plement their knowledge in practice (Al-Jibouri & Mawdesley, 
2001). The implementation of SGs in PM education enables 
an experiential learning process without exposure to the 
costs and risks associated with real projects (Dantas, de Ol-
iveira Barros, & Werner, 2004). In the words of Peter Drucker 
(Drucker, 1974), ‘management is a practice not a science’, thus 
management subjects should be learned through experience 
(Spowage, Chin, Chan, Ting, & Ieee, 2008). If conducted appro-
priately, the application of SGs can also contribute in develop-
ing intangible PM skills, such as communication and leader-

ship, which are difficult to teach by traditional lecture-based 
methods (Khenissi et al., 2016).

Despite the vast number and variety of PM games and the 
potential benefits they offer to model project complexity, it is 
still uncertain whether they are effective and efficient educa-
tional methods (Al-Jibouri & Mawdesley, 2001). The problem 
is there are very few studies which compare one PM game 
with other PM games, or with other learning methods (e.g. 
simulations). One of the few is Martin’s (2000a) work which 
compares a PM board game and a computer-based one. He 
finds that the computerised version appears to be a better 
tool for teaching, but the board game provides more social 
interaction for the participants. The fact that most PM SGs 
researchers evaluate their games in an isolated manner, and 
that most, if not all, conclude that their games are effective 
learning methods, could create a misinterpretation that 
games are the most effective and preferred learning methods 
in PM education. The question is, of course, are they?
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Furthermore, comparing games with different lev-
els of project complexity is crucial since simulat-
ing complexity of projects is the main motivation 
of SGs application in PM education. Raia’s (1966) 
empirical work, conducted in a business (i.e. sales, 
production and finance) context, states that ‘learn-
ing experience is not directly proportional to the 
degree of complexity of the simulated environ-
ment’. Wolfe (1978) considers decision types, num-
ber of decisions and executable computer program 
statements as elements of game complexity. His 
work suggests that although increased complexity 
in games is identical with greater decision-mak-
ing comprehensiveness, increased challenge and 
lesser monotony, they are not directly proportion-
al to the level of learning. Both Raia’s (1966) and 
Wolfe’s (1978) works, however, do not consider 
the interaction between teams as an element of in-
creased complexity. In PM, this assumption is far 
from realistic as most projects (and project teams) 
are interrelated with each other within a collection 
of projects, often referred to as programs (Aritua, 
Smith, & Bower, 2009).

The unanswered question as to whether different 
PM learning methods and increased levels of sim-
ulated project complexity affect students’ learn-
ing experience motivates us to compare three 
computer-based learning methods which we de-
veloped, namely: Project Crashing Game (PCG), 
Program Crashing Game (PgCG) and Project 
Crashing Simulation Exercise e-Learning (PCSEL). 
Our research questions are as follows:

(a)  Do students prefer the serious games (the 
crashing games) or the simulation exercise (the 
PCSEL)?

(b) Do students prefer the less complex PM game 
(the PCG) or the more complex one (the PgCG)?

(c)  What are the factors affecting students’ prefer-
ences for (a) and (b)?

Research question (a) is aimed at comparing PM 
games to another learning method (i.e. simulation 
exercise). Research question (b) is aimed at com-
paring a PM game to a similar but more complex 
one. Research question (c) is aimed at investigat-
ing the underlying reasons behind students’ pref-
erences for both (a) and (b).

In addition, as there may be “umentioned” or latent reasons that can 
explain students’ preferred PM learning methods, we also investigate 
the effect of students’ learning style on their preference.

2. LITERATURE REVIEW
---------------------
--- 2.1 Games, simulations, serious games ---
There is an interesting discussion in the literature on the use of the 
words games and simulations. Lundy (2003) suggests that the main 
difference between a game and a simulation is its main purpose. Games 
are for pure entertainment while simulations are for skill building. To 
learners, games may sound more appealing, although perhaps in the 
absence of learning (K. Jones, 1989; Lane, 1995). Simulations, on the 
other hand, typically support learning specific content (Martin, 2000) 
and they stress a more thoughtful and academic task (K. Jones, 1989). 
Simulations offer learners an opportunity to act and reflect which is 
not always inherent in a gaming or ‘pure play’ environment (Callanhan, 
1999). In general, games are focused on competition and winning (Abt, 
1968), whereas simulations are centred on the complex problems and 
real-life goals which a company has to cope with on a daily basis (Cal-
lanhan, 1999). Due to their competitive nature, games typically involve 
scoring, whereas most simulations do not have scoring (J. K. Jones, 
1973). Games are primarily people-oriented, whilst simulations are 
primarily computer-centred (Shubik, 1983) as games are considerably 
more interactive compared to simulations (Lane, 1995).

Serious games (SGs) or educational games sit somewhere between 
games and simulations. Unlike pure games, SGs are designed not only 
for entertainment (Hendrix, Al-Sherbaz, & Victoria, 2016). These 
games are designed for learning and behaviour change purposes 
(Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012). More specifi-
cally, SGs help participants to learn about a particular subject, assist 
them in learning new skills, expand existing concepts and reinforce 
development as they play (Dempsey, Lucassen, & Rasmussen, 1996). 
Similar to simulations, SGs model real world problems (Calderón & 
Ruiz, 2015). They can have multiple interactions, such as the Virtual 
Construction Negotiation (VCON) game (Yaoyuenyong, Hadikusumo, 
Ogunlana, & Siengthai, 2005), or they can only be played individually, 
such as the Virtual Construction Simulator (VCS) game (Nikolic, Lee, 
Messner, & Anumba, 2010). Table 1 synthesises the characteristics of 
pure games, serious games and simulations.

The crashing games (PCG and PgCG) discussed in this study are 
more associated with serious games than with simulations and pure 
games. They offer players the opportunity to communicate, compete 
and learn (i.e. act and reflect) in a fun way. The simulation exercise 
e-Learning (PCSEL), on the other hand, is much less about fun and 
much more about learning. This simulation exercise does not offer 
interaction between learners. Both the PM learning methods (i.e. se-

rious games and simulation) simulate some degree of complexity in 
a real project.

TABLE 1. Comparison of games, serious games and simulations

many studies propose the application of SG. The 
Project Scheduling Game (Vanhoucke, Vereecke, 
& Gemmel, 2005) models the complexities in re-
al-life project scheduling. The focus of the game 
is on the time/cost relationship for project activ-
ities and on problems of critical path network. 
Shtub (2005) proposes a scheduling game (i.e. 
under resource constraints) for both single- and 
multi-project environments. The Incredible Man-
ager game (Barros, Dantas, Veronese, & Werner, 
2006) is another game that simulates project 
planning and control.

In another game, Maratou et al. (2014) simulate 
collaboration of teams in confronting risk events 
which occur in project execution. The game had a 
positive impact on improving players' collabora-
tion. The Project Execution Game, developed by 
Ofer and Amnon (2007), is another game which 
simulates risk events occurring in project execu-
tion. This game is perceived as effective in teach-
ing the unstructured area of project execution. 
Von Wangenheim et al. (2011) evaluate DELIVER!, 
a game designed to train participants in measur-
ing and controlling project performance by imple-
menting the Earned Value Management technique.

An interesting phenomenon is that most of the 
games focus on the project planning and control 
phase. This is aligned with the fact that these two 
phases are crucial in determining the success of 
a project (C. Jones, 1996). The PM learning meth-
ods proposed in this study also focus on these two 
phases. Furthermore, it sharpens the focus of ex-
isting studies by simulating a specific planning and 
control problem (i.e. project “crashing” or acceler-
ation) as crashing has been a “business as usual” 
need in PM practice due to the fact that most proj-
ects are behind schedule (Gerk & Qassim, 2008).

--- 2.3 Learning method evaluation ---
Due to the complexity of effective learning con-
cepts, a single mechanism to measure learning 
method effectiveness and efficiency perhaps does 
not exist (Harris, 1998). Raia (1966) proposes sev-
eral evaluation criteria to measure the effective-
ness of a learning method: knowledge and skills, 
interest and motivation, and attitude. In line with 
this, Norman and Spohrer (1996) suggest that the 
traditional evaluation method of measuring pre- 
and post-tests is not necessarily appropriate as it 

Characteristics Games Serious Games Simulations 
Main Objective Pure entertainment 

(Lundy, 2003) 
Learning and behaviour 
change (Connolly et al., 
2012; Dempsey et al., 1996) 

Learning and skill 
building (K. Jones, 1989; 
Lundy, 2003; Martin, 
2000) 

Learning mechanism None Action-reflection (Callanhan, 1999; Von Wangenheim, 
Savi, & Borgatto, 2011) 

Focus Winning, 
competition, and 
fun (Abt, 1968) 

Complex, real-life situations, 
and fun (Al-Jibouri & 
Mawdesley, 2001; Calderón 
& Ruiz, 2015) 

Complex, real-life 
situations (Callanhan, 
1999) 

People or Computer 
Oriented 

People centred 
(Lane, 1995; 
Shubik, 1983) 

Can be both people and 
computer centred or a 
mixture of these (Nikolic et 
al., 2010; Yaoyuenyong et 
al., 2005) 

Computer centred (Lane, 
1995; Shubik, 1983) 

 
The crashing games (PCG and PgCG) discussed in this study are more associated with serious 
games than with simulations and pure games. They offer players the opportunity to 
communicate, compete and learn (i.e. act and reflect) in a fun way. The simulation exercise e-
Learning (PCSEL), on the other hand, is much less about fun and much more about learning. 
This simulation exercise does not offer interaction between learners. Both the PM learning 
methods (i.e. serious games and simulation) simulate some degree of complexity in a real 
project. 
 
2.2 Project complexity and project management serious games 
2.2.1 Project complexity 
Project management (PM) is ‘the application of knowledge, skills, tools and techniques to 
project activities to meet the project requirements’ (PMI, 2013, p. 4). It is about making 
something complex happen on time, within budget and to specification through other people 
(Dh, 1987). Project complexity is a key theme in PM literature since projects have become 
more complex and managing complexity has become a key requirement to avoid failure in 
managing projects (Bakhshi, Ireland, & Gorod, 2016). 
 
Project complexity is characterised by several factors. First, it correlates positively with 
ambiguity or uncertainty (Cicmil & Marshall, 2005). Complexity is determined by how well-
defined the goals and delivery methods are (Turner & Cochrane, 1993). It is directly 
proportional to the degree of the interaction between project elements and number of 
activities and decisions in the project (Aritua et al., 2009; Bakhshi et al., 2016; Vidal & 
Marle, 2008). In programs (i.e. collections of projects), complexity increases due to the 
interactions between multiple projects within the programs as well as between the elements 
within the projects (Aritua et al., 2009). This is crucial since most projects are delivered in a 
multi-projects context (Payne, 1995). 
 
In this study, the complexity levels of the simulated projects in the crashing games are 
intentionally differentiated in order to investigate whether students prefer the more complex 
or the less complex game. The Program Crashing Game (PgCG) models a multi-projects 
scenario where each project interrelates with other projects. In this game, each project team 
needs to communicate with other teams to achieve the objective of the game. Therefore, it is 
more complex compared to the PCG which only simulates a single project. A more detailed 
explanation on the characteristics of both PM learning methods is provided in Section 3.2.1. 
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--- 2.2 Project complexity and project management serious games ---
2.2.1 Project complexity
Project management (PM) is ‘the application of knowledge, skills, 
tools and techniques to project activities to meet the project require-
ments’ (PMI, 2013, p. 4). It is about making something complex hap-
pen on time, within budget and to specification through other peo-
ple (Dh, 1987). Project complexity is a key theme in PM literature 
since projects have become more complex and managing complexity 
has become a key requirement to avoid failure in managing projects 
(Bakhshi, Ireland, & Gorod, 2016).

Project complexity is characterised by several factors. First, it cor-
relates positively with ambiguity or uncertainty (Cicmil & Marshall, 
2005). Complexity is determined by how well-defined the goals and 
delivery methods are (Turner & Cochrane, 1993). It is directly pro-
portional to the degree of the interaction between project elements 
and number of activities and decisions in the project (Aritua et al., 
2009; Bakhshi et al., 2016; Vidal & Marle, 2008). In programs (i.e. col-
lections of projects), complexity increases due to the interactions be-
tween multiple projects within the programs as well as between the 
elements within the projects (Aritua et al., 2009). This is crucial since 
most projects are delivered in a multi-projects context (Payne, 1995).

In this study, the complexity levels of the simulated projects in the 
crashing games are intentionally differentiated in order to investigate 
whether students prefer the more complex or the less complex game. 
The Program Crashing Game (PgCG) models a multi-projects scenar-
io where each project interrelates with other projects. In this game, 
each project team needs to communicate with other teams to achieve 
the objective of the game. Therefore, it is more complex compared to 
the PCG which only simulates a single project. A more detailed expla-
nation on the characteristics of both PM learning methods is provided 
in Section 3.2.1.

2.2.2 Project management serious games
To deliver a PM education which models real-life project complexity, 
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the other hand, like to discover rela-
tionships and possibilities. They tend 
to be better at understanding new 
concepts and they are comfortable 
with math formulas and abstractions. 
These learners tend to be less practi-
cal than the sensors and they dislike 
repetitions (e.g. repetitive calcula-
tions).

• Visual learners learn best from what 
they see (e.g. films, charts, pictures). 
Verbal learners tend to memorise 
words (i.e. both written and spoken) 
better.

• Sequential learners follow logical 
steps to solve problems. Global learn-
ers, on the other hand, learn random-
ly (i.e. in large jumps) by absorbing 
materials without seeing their con-
nections. They can quickly solve 
complex problems after understand-
ing the big picture, but they tend to 
struggle in explaining the process to 
identify the solution.

3. METHODOLOGY
---------------------
--- 3.1 Research design ---
To answer the research questions dis-
cussed earlier, the design of this re-
search follows both quantitative (i.e. 
hypotheses testing) and qualitative (i.e. 
content analysis) methods (Crowther 
& Lancaster, 2012). The quantitative 
aspects of this research are needed to 
measure tendencies (Malhotra & Peter-
son, 2006) of PM learning method pref-
erence and to examine whether learning 
styles affect students’ PM learning meth-
od preference. The qualitative aspect 
(i.e. content analysis) of this research 
is to explore other underlying reasons 
behind students’ preference. The quan-
titative data analysis techniques used in 
this study are the proportion test (Sec-
tion 4.1) and chi-square test of indepen-
dence (Section 4.3). The qualitative data 
were analysed using the content analy-

does not take account of the depth of understanding and acquired skills. Kirk-
patrick and Kirkpatrick (2006) propose four evaluation criteria: reaction (i.e. 
how the learner felt about their learning experience), learning (i.e. knowledge 
and capability improvement), behaviour (i.e. implementing learning on the 
job) and result (i.e. students’ learning impact on the environment).

This study compares several PM learning methods (i.e. PCG, PgCG, and PCSEL) 
by evaluating students’ learning method preference. Although the preferred 
learning method may not be their most effective way to learn (Kirschner, 2017), 
providing the right method for the right person could lead to a better learning 
experience (Khenissi et al., 2016), and therefore could enhance students’ mo-
tivation to learn. Motivation is a key factor as it may be the difference between 
success and failure in learning (Norman & Spohrer, 1996). Moreover, the choice 
of learning method preference as the evaluation criteria enables us to build on 
Raia’s (1966) work, which suggests that students strongly prefer games as an 
instructional aid to other methods.

--- 2.4 Learning style: definitions, controversies and types ---
Learning style is a preferred method of an individual in acquiring, retaining 
and processing information (R. M. Felder, 1988). It can also be defined as the 
preferred way of an individual in gathering, processing and putting data for 
later use with regards to ‘concrete experience, reflective observation, abstract 
conceptualization and active experimentation’ (Kolb, 1976).

Some studies (Kirschner, 2017; Rogowsky, Calhoun, & Tallal, 2015) question 
the usefulness of learning styles as research suggests that there is a lack of 
proof of the relationship between learning styles and learning effectiveness. 
Nevertheless, Khenissi et al. (2016) argue that in game-based learning, provid-
ing the right method for the right person could lead to a better learning expe-
rience and increased learning motivation. While it may not contribute directly 
towards the effectiveness of learning, learning style is arguably an important 
factor in driving learners’ motivation to learn, which is a key principle to de-
signing a game (Chua & Balkunje, 2012).

Among various proposed models of learning style, there are only a few that 
have been implemented in computer-based learning and which have been test-
ed for both validity and reliability (Khenissi et al., 2016). The Felder-Silverman 
Index of Learning Style (ILS) is one of the few and it is regarded as a generalised 
model. This model is synthesised from several studies and represents elements 
of most of available learning style models (Soflano, Connolly, & Hainey, 2015).

The ILS model consists of four dimensions: active vs reflective, intuitive vs 
sensing, global vs sequential, and visual vs verbal. The characteristics of each 
dimension are described below (Richard M. Felder & Soloman, 2000):

• Active learners understand and retain knowledge better by performing tasks 
(e.g. discussing or explaining them to others). They prefer working in groups. 
Reflective learners tend to think through the problems first and work inde-
pendently or with someone close.

• Sensing learners (sensors) learn best from factual data. They prefer well-es-
tablished methods as opposed to complexities and surprises. This type of 
learner prefers details and hands-on work. Intuitive learners (intuitors), on 

sis method (Section 4.2). These methods 
will be further explained in Section 4.

--- 3.2 Research procedure ---
Data were collected from MSc Manage-
ment of Projects students at the Univer-
sity of Manchester who have completed 
three learning sessions, namely: Project 
Crashing Game (PCG), Program Crashing 
Game (PgCG), and Project Crashing Sim-
ulation Exercise e-Learning (PCSEL).

3.2.1 Project Crashing Games (i.e. PCG and 
PgCG)
As introduced in the previous sections, 
the crashing games consist of: Proj-
ect Crashing Game (PCG) and Program 
Crashing Game (PgCG). The objective of 
these games is to help students in un-
derstanding basic project crashing prin-
ciples (Pinto, 2009). In the experiment, 
students needed to select activities to 
crash by considering the time-cost trade-
off and criticality of the activities. In the 
PgCG session, students were grouped 
into five “project teams” per program. 
Each team needed to communicate with 
other teams within the same program to 
achieve the goal (i.e. to crash / acceler-
ate the program within the budget and 
schedule constraints). Some teams as-
signed project managers and program 
managers to lead the project and pro-
gram respectively. In the PCG session, 
students, also in teams, were only as-
signed to tackle their own project. They 
were not required to interact with other 
“project teams” since their task was only 
to crash activities in a single project. In 
both games, teams (i.e. project teams in 
the PCG and program teams in the PgCG) 
competed with other teams. The winner 
was the team which achieved the objec-
tive first. Both games were played in re-
al-time and were time-constrained. The 
state of the project (or program) per-
formance (i.e. time, cost, critical path, 
network diagram) changed after each 
decision. Hence, teams needed to adjust 

their decisions in the next iteration / round and could experience failure (i.e. 
project delay and/or over budget) if they made wrong decisions (e.g. crashing 
non-critical activities). When playing these games, students were given limited 
instructions and they had to discover and learn the concepts by themselves.

The PgCG is a more complex version of the first as it requires more interac-
tion between teams in order to crash the overall program (i.e. collection of 
projects), it consists of significantly more activities and decisions (see Table 
2). The content of both games is narrow and shallow as students were only re-
quired to make crashing-specific decisions without having to calculate project 
attributes (e.g. earliest start, latest start, float, direct and indirect costs, etc).

*Note: the criteria displayed in the above table are adapted from the dimensions of project complexity 

(Vidal & Marle, 2008) and the serious games typology project (available at http://seriousgames.online/).

TABLE 2. Characteristics of the three learning methods (i.e. PCG, PgCG, PCSEL)

Criteria* Project Crashing Game 
(PCG) 

Program Crashing Game 
(PgCG) 

Project Crashing 
Simulation Exercise  
e-Learning (PCSEL) 

Number of projects 1 5 1 
Number of activities 8 30 8 
Number of crashing 
decisions per round / 
iteration 

1 5 1 

Number of team 
members 

2-3 10-15 1 

Participant interaction(s)  Face-to-face within a 
small group 

Face-to-face within a 
large group 

Not possible within the 
experience 

Roles Absolute, non-changing 
role as project manager 

Self-chosen role(s) i.e. 
project team members, 
project manager, and 
program manager 

Absolute, non-changing 
role as project manager 

Feedback information 
immediacy 

Continual decision 
reviews 

Continual decision 
reviews  

Continual reviews with 
advice  

Challenge source content  Situation is altered by 
participant 
actions/randomness 

Situation is altered by 
participant 
actions/randomness 

Situation and scenario 
pre-programmed and 
never-changing 

Content width and depth Narrow and shallow Narrow and shallow Narrow and deep 
Didactic goal(s) Conceptual skills, 

Hard/Technical skills, 
Soft human skills 

Conceptual skills, 
Hard/Technical skills, 
Soft human skills 

Conceptual skills, 
Hard/Technical skills 

*Note: the criteria displayed in the above table are adapted from the dimensions of project 
complexity (Vidal & Marle, 2008) and the serious games typology project (available at 
http://seriousgames.online/). 
 
3.2.2 Project Crashing Simulation Exercise e-Learning (PCSEL) 
In the PCSEL, students were asked to tackle the same problem as in the PCG. However, the 
format of the exercise was in an asynchronous simulation e-Learning exercise rather than in a 
competitive game. Unlike in the games, students did not compete with other students. They 
were not assigned to groups. Furthermore, in each step of the simulation exercise, students 
received direct and detailed instructions and feedback. Students could not experience failure 
(i.e. project delay or cost overrun) as direct feedback (i.e. correct answer) was given for each 
step and the scenario was pre-programmed and never-changing. This simulation can be done 
anywhere and at any time. The content in this exercise was narrow and deep as students were 
required to make crashing-specific decisions and calculate project attributes (e.g. earliest start, 
latest start, float, direct and indirect costs, etc.) 
 
3.3 Data collection 
After playing the games and completing the simulation exercise, students were given a link to 
an online questionnaire (see Figure 1) where they were asked about: 

• their preferred learning method (out of the three methods / sessions they had 
completed); 

• the reason (explanation) as to why they preferred a particular learning method to the 
other methods. 

Author
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3.2.2 Project Crashing Simulation Exercise e-Learning (PCSEL)
In the PCSEL, students were asked to tackle the same problem as in the PCG. 
However, the format of the exercise was in an asynchronous simulation e-Learn-
ing exercise rather than in a competitive game. Unlike in the games, students 
did not compete with other students. They were not assigned to groups. Fur-
thermore, in each step of the simulation exercise, students received direct and 
detailed instructions and feedback. Students could not experience failure (i.e. 
project delay or cost overrun) as direct feedback (i.e. correct answer) was giv-
en for each step and the scenario was pre-programmed and never-changing. 
This simulation can be done anywhere and at any time. The content in this 
exercise was narrow and deep as students were required to make crashing-spe-
cific decisions and calculate project attributes (e.g. earliest start, latest start, 
float, direct and indirect costs, etc.)

3.3 Data collection
After playing the games and completing the simulation exercise, students were giv-
en a link to an online questionnaire (see Figure 1) where they were asked about:

• their preferred learning method (out of the three methods / sessions they 
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had completed);

• the reason (explanation) as to why they preferred a particular 
learning method to the other methods.

--- 4.1 Preferred learning method ---
4.1.1 No dominant learning method between the games 
and simulation exercise

The result shows an interesting phenomenon 
whereby half of the students prefer the crashing 
games (PCG or PgCG) and the other half prefers 
the simulation (see Figure 3). This indicates that 
there is no dominant preferred learning meth-
od when choosing between the project crashing 
games and the simulation.

FIGURE 3. Proportion of learning method preference To ensure that this result
is not due to chance, we tested the following hypotheses:

In addition, students were also asked to complete a standard learning 
style online questionnaire (see Figure 2) namely the Index of Learn-
ing Style (ILS) proposed by Soloman and Felder (2005). This ques-
tionnaire was used to identify learners’ learning styles. It consists of 
44 questions (Soloman & Felder, 2005). ILS was used for two reasons. 
First, it is based on a generalised model as it is synthesised from mul-
tiple studies and represents elements of most models (Soflano et al., 
2015). Furthermore, it is one of a few questionnaires that have been 
applied in technology-enhanced learning applications and which 
have been tested for reliability and validity (Khenissi et al., 2016).

FIGURE 1: Questionnaire questions on project management learning method preference

FIGURE 2: Sample questions of the ILS learning style questionnaire (Soloman & Felder, 2005)
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the hypothesis as it aligns with the objective of 
the test and nature of data, which is to examine 
whether two proportion values in a single sample 
are different or not (Levine, Berenson, & Stephan, 
1999; Shao, 1976). Test statistic z was calculated 
as follows:

      (1)

p̂ : the sample proportion of students who prefer 
the project crashing games (PCG and PgCG)

po: the hypothesised population proportion of stu-
dents who prefer the project crashing games (PCG 
and PgCG)

n: sample size

To check if the sampling distribution of the pro-
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Shao, 1976):
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As the assumptions were satisfied, we proceeded 
with testing the hypothesis. Based on equation 
(1), we find that:

P-value for z > 0 or z < 0 (two-tailed) is 0.999. 
Because the p-value is larger than the significance 
level (i.e. 0.05), at 95% confidence, we reject our 
alternative hypothesis and conclude that there is 
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who prefer the project crashing simulation (PC-
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Another interesting phenomenon we found was 
that students tended to prefer the more complex 
PM game (i.e. the PgCG) to the less complex one 
(i.e. the PCG). Figure 1 shows that those who pre-
fer the PgCG (34%) are more than double those 
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The next question is of course: “why?” As described in Section 3.3, 
students were asked to explain their preference of a learning method 
over other methods. We received 35 unique reasons which were men-
tioned 189 times in total.

In order to explore these reasons and provide more meaning to the 
obtained qualitative data (i.e. reasons) we followed the procedure of 
content analysis method, which is a part of the qualitative research 
method (Crowther & Lancaster, 2012). By applying the method, stu-
dents’ mentioned reasons for selecting a PM learning method were 
categorised on the basis of their similarity and measured on the ba-
sis of their mentioned frequency, hence dominant themes (reasons) 
could be identified. We classified similar reasons into themes / cat-
egories (Table 3). For example, one of the students who prefer the 
Program Crashing Game (PgCG) explains his/her reason: “lots of new 
things learned in [the] Program Crashing Game, especially [on] how 
to work as a team”. This response was categorised into the ‘teamwork’ 
sub-theme and then further categorised into the broader ‘collabora-
tion’ theme (see Table 3).
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4. Data analysis and results 
In total, 133 students played the games and completed the simulation exercise, all of which 
submitted their feedback on their learning method preference and 126 of them submitted their 
responses on the ILS (Learning Style) questionnaire. These responses were used as the basis 
for data analysis in the next sub-sections. 
 
4.1 Preferred learning method 
4.1.1 No dominant learning method between the games and simulation exercise 
The result shows an interesting phenomenon whereby half of the students prefer the crashing 
games (PCG or PgCG) and the other half prefers the simulation (see Figure 3). This indicates 
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Reasons to select one learning method over another Category / theme 
Freedom to repeat learning, unlimited attempts, learn from 
anywhere 

Accessibility (unlimited attempts, 
from anywhere, at anytime) 

Depth, clear explanation (instruction), clear explanation (step by 
step), quicker to understand learning points, feedback, 
comprehensiveness, clear explanation (more detailed), clarity, 
less confusing, easier to understand 

Clarity 

Communication, interaction, teamwork, team cooperation, learn 
from others 

Collaboration 

Longer time to think, self-controlling of learning pace Longer time to think and analyse 
the problem 

More complex, challenging, more realistic, contextual, practical Complexity, challenge, and 
realism 

More interesting, fun, attractive More fun and attractive 
Boost learning confidence, experiencing the problem instead of 
just knowing, independent learning (learn the concept by 
themselves), individual learning, more competitive, more 
suitable with students' basic project management understanding, 
problem solving experience 

Other reasons (uncategorised) 

 
After identifying the categories, we then measured the size of each category (or theme) based 
on the number of mentions (Table 4). This enabled us to identify dominant themes (reasons to 
select one learning method over the others). 
 
Table 4. Reasons to select one learning method over other alternatives (measured by number 
of mentions in students’ responses) 
Category / Theme Number of mentions Number of mentions (%) 
Clarity 66 35% 
Collaboration 45 24% 
Complexity, challenge, and realism 42 22% 
More fun and attractive 18 10% 
Longer time to think and analyse the problem 6 3% 
Accessibility (unlimited attempts, from 
anywhere, at anytime) 

4 2% 

Other 8 4% 
Total 189 100% 
 
As can be seen in Table 4, the first four themes constitute more than 90% of the reasons 
mentioned for choosing one learning method over the other methods. Tables 5, 6 and 7 
provide a breakdown view of Table 4 as they display the reasons for choosing each specific 
learning method (i.e. the PCG, PgCG, or PCSEL). They also show how many times (i.e. in 
numbers and percentages) these themes were mentioned in students’ responses. 
 
Table 5. Reasons of students who prefer Project Crashing Game (PCG) 
Category / Theme Number of mentions Number of mentions (%) 
Fun and attractiveness 6 46% 
Clarity 3 23% 
Collaboration 2 15% 
Independent learning  1 8% 
Complexity, challenge, and realism 1 8% 
Total 13 100% 
 
Table 6. Reasons of students who prefer Program Crashing Game (PgCG) 

After identifying the categories, we then measured the size of each 
category (or theme) based on the number of mentions (Table 4). This 
enabled us to identify dominant themes (reasons to select one learn-
ing method over the others).

As can be seen in Table 4, the first four themes constitute more than 
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TABLE 8 : Active vs reflective learning styles and learning 
method preference

TABLE 9: Intuitive vs sensing learning styles and learning  
method preference

TABLE 10: Global vs sequential learning styles and learning  
method preference

TABLE 7. Reasons of students who prefer Project Crashing Simulation Exercise e-Learning

TABLE 6. Reasons of students who prefer Program Crashing Game (PgCG)

TABLE 4. Reasons to select one learning method over other alternatives (measured
by number of mentions in students’ responses)

TABLE 5. Reasons of students who prefer Project Crashing Game (PCG)

tage in that they are enjoyable and they provide practice in commu-
nication (Heyman, 1975). On the other hand, those who prefer the 
simulation tend to stress:

• how clear the explanation in the simulation exercise is for 
them;

• other advantages which e-Learning offers, such as accessibility 
from anywhere at any time (Welsh, Wanberg, Brown, & Simmer-
ing, 2003), hence providing flexibility in thinking through the 
problem. 

These mutually exclusive appeals split the students into two 
equal-sized groups: those who prefer clarity and need more 
time to think through the problem (i.e. the simulation “voters”), 
and those who prefer fun, complexity, realism, a challenge and 
the opportunity to collaborate (i.e. the crashing games “voters”). 

The second finding also offers an interesting insight. Unlike in the 
case of comparing between the crashing games and the simulation 
exercise, both of the crashing games are similar but one is more 
complex than the other. As a result, Tables 6 and 7 show that both 
the PCG (the less complex game) and the PgCG (the more complex 
game) offer common appeals to students. Both are perceived as fun 
and both are preferred because they offer the opportunity for play-
ers to communicate with each other. Applying a marketing theory 
as an analogy, when two products have a similar position in the per-
ception of their customers, one of the products will be preferred 
over the other if it offers a unique feature not offered by the other 
product (Myers, 1996). This underlines the importance of “finding 
the hole” (cherchez le creneau) in the customer’s perception in 
order to be desirably unique. In our case, the PgCG differentiates 
itself from the PCG (and from the simulation exercise) by offering a 
unique feature which the “customers” want: complexity, challenge 
and realism.

The third finding (see Table 12) suggests that students’ learning 
styles could affect their PM learning method preference. This find-
ing aligns with the findings of Khenissi et al. (2016) which indicate a 
relationship between game genres and learning styles. In our study 
(see Table 9), those who have a sensing learning style tend to pre-
fer the simulation exercise (PCSEL). This could be due to the fact 
that the characteristics of PCSEL fit their style of learning (i.e. pre-
fer detail-oriented task, less-complex problem and well-established 

TABLE 11: Verbal vs visual learning styles and learning  
method preference

TABLE 12: Hypothesis test results (chi-square test)
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Table 6. Reasons of students who prefer Program Crashing Game (PgCG) 
Category / Theme Number of mentions Number of mentions (%) 
Collaboration 40 43% 
Complexity, challenge, and realism 39 42% 
Fun and attractiveness 9 10% 
Clarity 2 2% 
Experiencing the problem 1 1% 
More competitive 1 1% 
Total 92 100% 
  
Table 7. Reasons of students who prefer Project Crashing Simulation Exercise e-Learning 
Category / Theme Number of  

mentions 
Number of mentions (%) 

Clarity 61 73% 
Longer time to think and analyse the 
problem 

6 7% 

Accessibility 4 5% 
Collaboration 3 4% 
Fun and attractiveness 3 4% 
Individual learning 2 2% 
Complexity, challenge, and realism 2 2% 
Boost learning confidence 1 1% 
More suitable with students' basic project 
management knowledge 

1 1% 

Problem solving experience 1 1% 
Total 84 100% 
 
4.3 Learning styles: investigating the “unmentioned” reasons 
Students’ learning styles were then identified based on their responses to the standard ILS  
questionnaire (Soloman & Felder, 2005). In total, 126 students participated in this survey. 
Tables 8-11 categorise the students on the basis of their learning style (i.e. activist/reflector, 
intuitive/sensing, global/sequential, and verbal/visual) and their preferred learning method 
(i.e. PgCG, PCG, or PCSEL). 
 
Table 8: Active vs reflective learning styles and learning method preference 

Learning Style Preferred Learning Method Total 
PgCG PCG PCSEL 

Activist 24 11 34 69 
Reflector 20 10 27 57 
Total 44 21 61 126 
 
Table 9: Intuitive vs sensing learning styles and learning method preference 

Learning Style Preferred Learning Method Total 
PgCG PCG PCSEL 

Intuitive 11 7 5 23 
Sensing 33 14 56 103 
 Total 44 21 61 126 
 
 
 
 
 
Table 10: Global vs sequential learning styles and learning method preference 
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90% of the reasons mentioned for choosing one learning method over the oth-
er methods. Tables 5, 6 and 7 provide a breakdown view of Table 4 as they 
display the reasons for choosing each specific learning method (i.e. the PCG, 
PgCG, or PCSEL). They also show how many times (i.e. in numbers and percent-
ages) these themes were mentioned in students’ responses.

4.3 Learning styles: investigating the “unmentioned” reasons

Students’ learning styles were then identified based on their responses to the standard ILS 
questionnaire (Soloman & Felder, 2005). In total, 126 students participated in this survey. Ta-
bles 8-11 categorise the students on the basis of their learning style (i.e. activist/reflector, in-

tuitive/sensing, global/sequential, and verbal/
visual) and their preferred learning method (i.e. 
PgCG, PCG, or PCSEL).

The chi-squared test of independence was 
applied to test the relationship between 
students’ learning style and their preferred 
learning method on the basis of the data 
presented in Tables 8-11. This method is 
used when examining whether two or more 
categorical variables are related or inde-
pendent (Levine et al., 1999). In this study, 
it was applied to test whether students’ 
learning style (i.e. independent variable) 
affects their preferred learning method (i.e. 
dependent variable). Alternative tests (i.e. 
Fisher’s and McNemar’s) were not applied 
since the first is for testing small-sized 
sample and the latter for paired samples 
(Fisher, Marshall, & Mitchell, 2011). The 
result of this test is shown in Table 12.

At 95% confidence, we accept Hypoth-
esis 2 (i.e. the intuitive vs sensing learn-
ing style dimension affects learners’ PM 
learning method preference) and reject 
the other hypotheses.

5. DISCUSSION
---------------------
There are three key findings in our study. 
First, in the context of selecting between 
project crashing games and the simulation 
exercise, our study finds that there is no 
dominant preferred learning method. This 
finding does not align with Raia’s (1966) 
work, which indicates that games are pre-
ferred over other learning methods. This 
could be due to the fact that the learning 
methods examined in this study (i.e. simu-
lation and games) are different to those ex-
amined in Raia’s (1966) work (i.e. games, 
readings and cases). Furthermore, our 
study also discovered that students tend to 
prefer the more complex PM game (PgCG) 
to the similar but simpler one (PCG). This 
is consistent with Wolfe’s (1978) findings 
which indicate that simple games tend to 
be “unmotivating”.

We propose that the two findings can be 
explained by the uniqueness level of the 

value offered by each learning method. With regards to the 
first finding, we find that the crashing games and simula-
tion methods have different appeals which tend to be mu-
tually exclusive. Students who prefer the crashing games 
tend to highlight: 

• how fun and attractive these games are;

• how the games provide them the opportunity to collab-
orate with each other.

This finding supports the notion that SGs have the advan-

methods). Intuitive learners, on 
the other hand, tend to prefer the 
PCG and PgCG which have a high-
er level of uncertainty as instruc-
tions and feedback provided in 
these methods are not as clear as 
in the PCSEL. Our finding is con-
sistent with the characteristics of 
both intuitive and sensing learn-
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ing styles (Richard M. Felder & Soloman, 
2000). However, we could not find enough 
evidence to suggest that students’ learning 
styles affect their preference between the 
less complex PM game (i.e. PCG) and the 
more complex one (i.e. PgCG).

6. CONCLUSIONS AND
RECOMMENDATIONS
---------------------
The aim of this research is to investigate stu-
dents’ learning method preferences and the 
underlying reasons by applying three learn-
ing methods: Project Crashing Game (PCG), 
Program Crashing Game (PgCG) and Project 
Crashing Simulation Exercise e-Learning 
(PCSEL). We find that there is no domi-
nant preferred learning method between 
the crashing games and the simulation. We 
argue that this is because both methods 
appeal uniquely to two equal-sized groups 
of students which have different learning 
“tastes”. Students who prefer the crashing 
games tend to value fun, attractiveness and 
team working (collaboration) opportunity 
more than clarity and accessibility. On the 
other hand, students who prefer the simula-
tion exercise tend to value clarity and acces-
sibility. However, between the more com-
plex and the less complex crashing games 
(i.e. the PgCG and PCG respectively), we find 
that the first is preferred over the latter as, 
despite their similarities, the first offers a 
desirable unique learning experience which 
the latter does not: complexity, challenge 
and realism. 

Furthermore, our study also finds that 
students’ learning styles could affect their 
PM learning method preference. Students 

whose learning style is sensing tend 
to prefer the less-ambiguous simula-
tion exercise (PCSEL). The intuitors, 
on the other hand, tend to prefer 
the crashing games (PCG and PgCG) 
where detailed instructions and feed-
back are not provided and project 
crashing concepts are learned inde-
pendently by trial and error. We could 
not find any evidence that supports a 
relationship between learning styles 
and preference between the less com-
plex (i.e. PCG) and more complex (i.e. 
PgCG) PM games.

This study suggests that project man-
agement educators need to realise 
that games are not always the pre-
ferred learning method. Some stu-
dents prefer clarity and step-by-step 
detailed explanation which they usu-
ally cannot have by playing serious 
games. Educators are also advised 
to consider the complexity level of 
the simulated project in their serious 
games and their students’ learning 
styles as both affect students’ learn-
ing experience.

7. LIMITATIONS AND FUTURE
RESEARCH
---------------------
The scope of this study is limited to 
examining students’ learning meth-
od preferences and their underlying 
reasons (i.e. both mentioned and un-
mentioned) in the context of project 
management serious games and sim-
ulations. Another dependent variable 
(e.g. learning effectiveness) can be 

considered to complement this study since 
students’ preference may not be an accu-
rate predictor on how effective these meth-
ods are in helping students to learn project 
crashing (Kirschner, 2017). Both learning 
attributes (i.e. effectiveness and prefer-
ence) are in fact significant (Raia, 1966), 
but this study focuses on the latter for two 
reasons. First, learning method preference 
has been a gap (i.e. often neglected) in PM 
SGs literature. Moreover, students’ prefer-
ence affects their learning motivation. This 
is an important aspect since learning moti-
vation has been one of the main drivers in 
applying simulations and games for educa-
tion (Jeong & Bozkurt, 2014).

Furthermore, the complexity factors con-
sidered when differentiating PCG and PgCG 
are limited to the number of project deci-
sions, interactions, activities and teams. 
Limiting the complexity factors is need-
ed as games are not effective for learning 
when they are too complex (Al-Jibouri & 
Mawdesley, 2001; Baird & Flavell, 1981). 
For further research, other complexity 
factors (e.g. diversity of staff, availability 
of resources due to sharing) could be con-
sidered (Vidal & Marle, 2008). However, 
one must be careful not to overcomplicate 
the simulation or serious game, as this can 
deteriorate learners’ understanding of the 
project crashing concepts (Al-Jibouri & 
Mawdesley, 2001; Baird & Flavell, 1981).
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