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Abstract. The growing popularity of simulations and games invites the pro-
duction of insights that help academic teachers to use simulations and games in
their courses. This article clarifies positive conditions to use simulations and
games in tertiary education. Based on a systematic review of literature we
tentatively find a positive or neutral relationship between using simulations and
games and achieving learning objectives. Also, we find three recurring condi-
tions for successful use of simulations and games: the specificity of the game,
the integration in the course, and the role of a guiding instructor. Finally, we
express the strong need for a scientific framework to measure effectiveness of
simulations and games.

1 Introduction

Simulations and games are widely used in a diverse range of academic courses. Their
use largely depends on teachers’ personal initiatives and experiences in courses rather
than on grounded information about which simulations work in which courses and for
which learning objectives. Because game-based learning is increasingly popular in
academic education, there is a need to validate the use of digital simulations and games.
This study evaluates the value of simulations and games for tertiary education.

We analyse the relationship between simulations and games in academic programs
and the achievement of learning objectives. Furthermore, we highlight what academic
teachers can learn from previous studies. In a systematic literature review, we analyzed
64 articles focusing on tertiary education, games, and learning objectives. We find a
tentative positive or neutral relationship between using simulations and games and
achieving learning objectives, and three recurring preconditions for successful use of
simulations and games: the specificity of the game, the integration in the course, and
the role of a guiding instructor. Lastly, we think there is a need for a framework to
measure effectiveness of simulations and games.
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2 Learning Objectives, Simulations, and Games

2.1 Learning Objectives

An important part of studying the value of simulations and games in tertiary education
is concerned with its relationship with learning objectives. Learning objectives or
learning outcomes describe what knowledge and skills students need to acquire.
Learning objectives are fundamental in the design and validation of education. There
are several frameworks for classifying learning objectives. Most widely known is
Bloom’s taxonomy, revised in 2001 by Anderson & Krathwohl [1]. The applicability of
Bloom’s model for studying simulations and games is disputed. A shortcoming of
Bloom’s taxonomy in the context of this study is that it does not account for inter-
actions among learners. Academic discourse on games and learning frame games as
technologies that engage students in deep learning [2–4]. Skills like collaboration, but
also critical thinking and problem solving are crucial in achieving deep learning goals
[5, 6]. While games appear to be particularly useful to engage students in skills for deep
learning, traditional theories such as Bloom’s taxonomy do not take these higher order
skills sufficiently into account.

Simulations and games are often about acquiring skills. As a result, we adopt the
taxonomy of Romiszowski [7], which focuses on these learning objectives, and
explicitly differentiates between knowledge and skills. The term ‘knowledge’ refers to
“information stored in the learner’s mind” which can be differentiated into four dif-
ferent levels: facts, procedures, concepts, and principles. Skills refer to ‘actions (in-
tellectual and physical) and reactions (to ideas, things, or people), which a person
performs in a competent way’ [7]. Interactive skills, dealing with others, are one of the
four skills categories of Romiszowsky’s taxonomy. The other three are cognitive,
psychomotor, and reactive. Additionally, Romiszowski distinguishes between repro-
ductive skills (applying procedures) and productive skills (applying principles and
strategies). Examples of these skills will be given later on in this article. We focus on
the ability of simulations and games to transfer different type of skills. Which games
enhance which types of learning skills?

2.2 Simulations and Games

The lack of a clear definition of simulations and games may result in what some
scholars refer to as ‘terminological ambiguity’ [8]. In recent years many managers,
educators, and other practitioners have turned to the study of simulations and games in
education [9–11]. Also in academia simulations and games in education are a hot topic
[12–16]. Contemporary studies on games and education use a variety of definitions:
education games, serious games [17, 18], digital game-based learning [9], or applied
games [19]. Despite the lack of shared definitions and terminology, authors generally
focus on games in non-leisure contexts. Defining simulations and games contributes to
terminological coherency and reduces ambiguity [8]. Although any classification of
simulations and games is debatable, definitions of different forms are important when
discussing effectiveness in academic education. In this study, we combine theory from
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Narayanasamy et al. [20], Lean et al. [21] and Apperley [22] to classify different types
of simulations and games.

Simulations historically refer to both management/business simulations, and
computer simulations [8]. In general, simulations are models that express complex
real-world systems. A simulation is used to analyze specific systems, develop mental
models in learners, or research artificial environments [20]. A difference between
games and simulations is intent: ‘the intent of games and simulation games is to engage
players in a fun and entertaining experience, while the intent of simulators is to train
and develop the skills of its operators’ [20]. Relevant for this study are two different
types of simulations: training and modeling simulations. Firstly, a training simulation
also simulates real-world processes by re-enacting a specific type of system or process
in order to improve performance, and maximize efficiency of the user [20]. One
example is FlightGear Flight Simulator (1997). Secondly, modeling simulations are
simulations that model specific systems in order create and/or test model - such as
weather simulations or car modeling. Because the categorization of simulations and
games are often ambiguous and their framing is also discipline-specific, we stress that
the proposed categorization should be considered as a continuum rather than as
completely separate categories. In this specific review the focus is on tertiary education
and simulations and games that are often used in academic programs (Fig. 1).

Games, according to the traditional definition, are rule-bound systems, set in a
defined space [23, 24]. Games are goal-oriented activities with clear in-game endings,
as opposed to simulations, which may not have clear goal-oriented activities or
end-states [20]. Simulation games have in-game goals, but successful completion of the
game is not (necessarily) based on victory conditions. Firstly, role-playing games are
games in which characters assume the role of a character or take control of an avatar in

 Genre Description Well-known 
example 

Example from 
present study 

Games Role-playing 
game 

Assuming a character The Sims SCRUMIA 

Strategy game Strategic-decision 
making 

Company of Heroes 
(real-time), 
Civilization (turn-
based) 

Pax Warrior 

Action game Physical challenges, 
coordination 

Space Invaders Space Goats 

Hybrid Simulation Game Goal-oriented re-
enactment of real-
world processes 

Gazillionaire Venture 
Strategy 

Simulations Training 
simulation 

Train to maximize 
performance in 
achieving task (e.g. 
psychomotor) 

Flight Simulator Skills-O-Mat 

Modeling 
simulation 

Model processes or 
objects 

Weather simulation, 
Car modeling 

Virtual 
Construction 
Simulator 

Fig. 1. Classification of games, simulation games, and simulations used in this review based on
a combination of Narayanasamy et al. [20], Lean et al. [21], and Apperley [22].
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a fictional setting [22]. These games can be single, or multi-player, depending on the
game’s structure [21]. One well-known example is The Sims (Electronic Arts 2000).
Secondly, strategy games are games in which player’s decisions have a high signifi-
cance in determining the outcome. These games are usually divided into real-time
strategy games - such as Company of Heroes (Relic Entertainment 2006) - or
turn-based strategy games - such as the Civilization series [22].

The third type of game is an action game, which focuses on physical challenges,
such as reaction time or eye-hand coordination. A well-known game in this category is
the classic Space Invaders (1978), but it should be noted that this type of game has
many subgenres such as shooter- or fighting games. Besides simulations and games,
there are simulation games, which is a hybrid form. While a simulation game is a
subgenre of games, a simulation game does not have to be end-goal oriented and can be
entertaining [20]. Simulation games are games that re-enact sports, flying, driving, but
also real-world dynamics such as communities or governments [22]. Examples are
games from the Lavamind series, such as Gazillionaire (2005). In this review, we
found that these games appear both in a digital, physical, or a combination of digital
and physical form. Therefore, in this classification all games, simulation games and
simulations can be computer based, non-computer based or a hybrid of computer- and
non-computer based.

3 Research Method

3.1 Protocol and Selection

A systematic review consists of five steps: (1) identification of research, (2) selection of
primary studies, (3) study quality assessment, (4) data extraction & monitoring, and
(5) data synthesis [25]. Our main research objective is to uncover the value of simu-
lations and games for tertiary education by exploring the relationships between their
use in academic programs and the achievement of learning objectives.

In answering the research question, we produced a review protocol with several sub
questions1, such as what type of simulations and games are used in higher education,
and for what type of learning objectives games are useful?

For the selection of the primary research data, we conducted a comprehensive
database search in SCOPUS. In SCOPUS, our query was: “serious gam*” or “simu-
lation gam*”. Within this query, we searched for articles related to education type,
focusing on tertiary education; our query consisted of the search terms “university”,
“academic”, or “tertiary” education. Second, since our research focused specifically on
the relationship between games and learning objectives, the last part of the query
consisted of a combination of the words “learning goals” or “learning objectives”, or
“learning outcomes”.

1 The research protocol can be obtained here: http://www.stephaniedesmale.nl/2015/10/22/research-
protocol/.

The Effect of Simulations and Games on Learning Objectives 509

http://www.stephaniedesmale.nl/2015/10/22/research-protocol/
http://www.stephaniedesmale.nl/2015/10/22/research-protocol/


3.2 Assessment and Extraction

The final literature review compared 64 articles. The initial dataset consisted of 728
articles. This dataset concerns journal articles with simulations, games or learning
mentioned in its title and abstract. Starting with 728 articles a four stage-review process
was carried out by a team of four researchers. In the first stage, articles were included or
excluded from the review, using two criteria. Firstly, simulations or games and tertiary
education had to be mentioned in the abstract, since the study focuses on the value
simulations and games in tertiary education. Secondly, the articles had to focus on
learning, i.e. on the achievement of learning objectives. If we were unsure if the article
focused on higher education, the article was included in the shortlist for further
examination. To provide a valid selection of articles for the shortlist, at least two
researchers evaluated each title and abstract. The conflicting results were discussed by
two researchers. After systematically reviewing 728 abstracts, a final shortlist of 93
articles remained; 14 % of the initial dataset. In the second stage, four reviewers all
read three different articles and one identical article. This was done to check the quality
of the short list and to extract relevant topics for qualitative analysis. Eleven topics
were extracted, and provided a solid base for a systematic analysis of the remaining
articles. These topics concern, for instance, type of learning objectives, effect of sim-
ulations and games on learning objectives, type of research conducted, or academic
discipline. In the third stage, all articles 93 articles were scrutinized and all topics were
ranked in a database. In this stage, the set of 93 articles was reduced to 64, because 29
articles were excluded additionally. This was done for various reasons such as: the
study did not focus on higher education, or the article was written in an inaccessible
language. In the fourth and final stage several group meetings were organized to
discuss the research findings, which formed the backbone of this article.

4 Dataset Characteristics

When analyzing our dataset, we found some interesting facts and figures. Most articles
originated from the United States, The Netherlands, and the United Kingdom. Fur-
thermore, we found that most simulations and games were used in the areas of com-
puter science (20,31 %), engineering (10,94 %), or interdisciplinary courses (10,94 %).
Most articles describe single case studies, in which a single game is analyzed and tested
in a single educational setting. These studies usually examined the effect of a game by
testing it for a specific amount of time (for instance, the duration of a course) and
measuring before and after effects via questionnaires or interviews.

Most of the games studied are hybrid simulation games (52,38 %), role-playing
games (21,38 %), or training/modeling simulations (14,29 %). The majority of these
games is computer-based (60,94 %). One example of a studied simulation game is
REALGAME, a business simulation played by students in the Business University of
Turku, Finland [26]. In this study, 133 non-business majors participated in a business
simulation course (2008 until 2012). Students’ knowledge was evaluated in a pre- and
post-game test in the form of a mental model. REALGAME is a continuously
processed/clock-driven simulation game. In this example the simulation contributed to
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acquiring factual and conceptual knowledge of business. The objective for the simu-
lation was to introduce novice students to business logic [26]. An example of a
role-playing game is the Mastership Game, a collaborative role-playing game to teach
pedagogy students didactic dilemmas in classroom situations [27]. There are players
and observers, and players have to react to specific situations such as ‘dealing with
negative colleagues’ [27]. An example of a training simulation is SCRUMIA, a
paper-based role-playing game that teaches students SCRUM, a project management
methodology. The learning objective of this study was a productive understanding of
the SCRUM process. Focusing on practical knowledge transfer, students had to
remember, understand, and apply procession knowledge [28].

5 Value of Simulations and Games for Achieving Learning
Objectives in Tertiary Education

5.1 Tentative Positive Effect on Learning Objectives

We observe a tentative positive effect between simulations and games, and the
achievement of learning objectives. Although all of the studies in our dataset somehow
focus on learning objectives and simulations or games, only 29 reviewed articles
explicitly refer to learning theories as conceptualized, for instance, by Bloom [1] or
Romiszowski [7]. However, in labeling the declared learning goals in the articles, we
found that simulations and games are deployed to develop a diverse range of cognitive
and communicative skills: 37 % related the simulation or game to productive cognitive
skills (for example [27, 29–31], 16 % procedural knowledge (for instance, [28, 32–
34]), and 12 % productive interactive skills (such as [27, 30, 34]). Important to note is
that most studies mentioned several learning objectives relevant to their research.

After studying the articles we remain reluctant about the validity of previous claims
made about the clear and definite positive relationship between learning objectives and
games. Out of 64 articles, only 29 studies explicitly studied the effects of simulations
and games on learning objectives (for instance [27, 30, 35]). Despite the large diversity
in studies, illustrated effects between the use of simulations and games and the
achievement of learning objectives were always positive, or neutral. In the specific
articles, results between simulations and games, and learning objectives were always
positive (26 articles), or neutral (3 articles). One might consider this as a publication
bias, where positive results are more likely to be published than negative results. Not a
single study in our dataset suggested a negative relationship between the use of sim-
ulations and games and the achievement of learning objectives.

5.2 Enabling and Constraining Factors

Studying enabling factors in the effectiveness of simulations and games in academic
education leads to the question: which conditions are of importance when using a
simulation or game? First, the effectiveness of learning is strongly related to the role of
the teacher/instructor/facilitator. Thirteen studies claimed the role of the instructor is
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vital for achieving learning objectives through simulations and games [26, 28–33, 35–
40]. Baalsrud Hauge et al. [33] show that the role of the teachers becomes more
important when the emphasis on abstraction increases. In their meta-analysis, Wouters
& Van Oostendorp [41] identify that the role of instructional support enhances
learning, especially when learning objectives involve (higher order) skills, and in
discussing and selecting new information. There are different types of instructional
support during a simulation or game: reflection, modeling, advice, collaboration,
control, narrative elements, modality, feedback, and personalization [41]. These studies
show that without instructional support, learning effect is constrained since players may
use their capacity for ineffective activities such as focusing on irrelevant information.

For the effectiveness use of a game or simulation in an educational context, the
specificity of the game and the desired learning objectives needs to be taken into
account. To a certain extent, the game can be tailored to meet the desired learning
goals. Eight studies found clearly defined learning objectives in using a specific sim-
ulation or game to be an important enabling factor [32, 35, 37, 42–46]. For example,
Castronovo et al. [46] integrated the modeling simulation Virtual Construction Simu-
lator 4 in a third year course ‘Introduction to the Building Industry’ and a fourth year
course ‘Building Construction Engineering’ at Penn State University. In this case, the
modeling simulation was specifically used in order to facilitate higher order thinking
skills such as: evaluation, self-reflection, planning, determine appropriate construction
methods. To accomplish this, the authors collaborated with course instructors to revise
the existing set of learning objectives. This enhanced both the courses’ and the sim-
ulation’s objectives [46].

Lastly, the effect of simulations and games depends on course integration. Six
studies found course integration an enabling factor in the effectiveness of a simulation
or game [29, 30, 32, 33, 35, 47]. For instance, in Loughborough University the
business game Venture Strategy was played by 70 senior-year students during the
module ‘Business Model’. It is a web-based team simulation where students start a
company in the microcomputer industry [35]. This simulation deals with issues such as
marketing, product development, accounting and finance. Using quantitative and
qualitative analysis, subjects were asked to fill in a pre- and post-questionnaire and
provide feedback during and after the courses. To improve the effectiveness of the
module, some of the important enabling factors the authors suggest are: clear guidelines
on coursework, realistic complexity, incentives for interaction, and face-to-face contact
with course leader [35].

5.3 The Need for a Univocal Framework

Although we suggest a tentative positive relation between the use of simulations and
games, and the achievement of learning objectives in tertiary education, we think it is
too early to draw definite conclusions. Despite the growing attention for measuring
effects of simulations and games on learning objectives, nearly all studies use
self-developed evaluation instruments. These instruments vary from wide-ranging
methods to very simple evaluations. This is issue is raised previously by several
scholars [38, 41, 46, 48]. In addition to the large diversity of measurement tools,
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we find range of methods to classify learning objectives. As said, some studies
explicitly use Bloom’s taxonomy, whereas other studies mention obvious learning
objectives. Using the studies in our dataset, we cannot draw definite conclusions
concerning the effect of simulations and games on the achievement of learning
objectives. Instead, we urge the need for an unambiguous framework to evaluate the
effects. We suggest that this framework consists of (a) a clear classification of learning
objectives which is recognizable for academic teachers, (b) a clear typology of simu-
lations and games (in order to demonstrate which simulations and games might be
helpful for achieving specific learning objectives) and (c) a sound scientific evaluation
model using both quantitative and qualitative gathering techniques.

6 Conclusion and Discussion

We have studied the relationships between simulations and games and learning
objectives in tertiary education. Our aim was to see if there are significant patterns
between the use of simulations and games, and the achievement of learning objectives.
Although the diversity of studies and experimental designs prohibit any hard results,
three conclusions can be drawn from this study: we find a tentative positive effect
between simulations and games and learning objectives, we suggest three recurring
conditions for successful use of simulations and games, and we urge the need for a
framework to measure the effectiveness of simulations and games.

This review has four theoretical and methodological limitations. Although we have
tried to limit the chance, there might be a publication bias in our dataset. In performing
a trans-disciplinary literature review, the articles differed in approach, methodology and
situated knowledge.

The second limitation is the selection of data conducted in this study. In our own
systematic review we used SCOPUS as our main database for extracting articles related
to simulations and games in tertiary education. A limitation in this search strategy is the
publication bias of relying on one database for our data.

A third possible limitation is the interpretation of learning objectives in the model
of Romiszowski. We found Bloom’s taxonomy inadequate for the study of higher order
learning skills, which is why we used Romiszowski’s learning theory. We interpreted
the objectives mentioned in the articles and classified them using Romiszowski model.
The classification depends on the reviewers’ interpretation of the article. We have tried
to improve the intercoder reliability by formulating a coding scheme, by reading and
coding multiple articles team wise, and by discussing ambiguous learning objectives.

The fourth and last issue is concerned with the definition of simulations and games.We
found that often a poor distinction was made between simulations and games. Generally it
was not clear whether or not the articles were referring to games, which are goal-oriented,
or simulations, which can also be open-ended. We elaborated on the differences in order to
offer a frame of reference in an attempt to increase terminological coherence. However, in
categorizing these simulations and games, we depended on information given in the article,
which might have excluded valuable information to determine the type of game. In order to
improve the intercoder reliability comparable steps were made (coding scheme, reading
and coding team wise, discussing ambiguous types).
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We recommend two issues for further research. The first is concerned with a
grounded understanding of types of learning objectives in studying the effects of games
and learning. Few studies relate learning goals with theory on learning objectives,
which is fundamental when studying the effects of games in academic education. This
is closely related with knowledge on the specificity of, and between simulations and
games, and their key characteristics. A second issue is concerned with developing and
studying a univocal framework. Many studies were heterogeneous experiments, with
varying evaluation and framework. A general framework for evaluating learning effects
in using simulations and games is needed.
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