
 1 

 

 

 

 

 

 

  

Mobile learning game effectiveness in cognitive learning by adults a 

comparative study 

Marcin Wardaszko1, Błażej Podgórski 

 

                                                 
1 Corresponding author 

Center of Simulation Games and Gamification 

Kozminski University 

Jagiellonska str. 57/59 

PL03-301 Warsaw, Poland 

wardaszko@kozminski.edu.pl  

mailto:wardaszko@kozminski.edu.pl


 2 

Abstract 

Background. The effectiveness of digital game-based learning is an important issue. Mobile 

learning games (MLG) are rapidly growing trends among the digital game-based learning genre. 

Although many studies have been conducted and mobile games have been shown to have an 

unquestionable potential as a learning method, their effectiveness has not been fully proven, and 

the positive impacts and outcomes of mobile learning games with respect to learning have yet to 

be investigated.  

Aim. The study aimed at capturing the cognitive learning outcomes and the process of 

knowledge acquisition. The study has demonstrated both positive and negative cognitive learning 

effects of using mobile learning game in comparison with the textbook learning process. 

Methodology. This article presents a comparative study conducted on a group of 160 freshman 

students majoring in management and finance. The participants of the study, divided into 

subgroups, were taught  using either textbook-based learning or a mobile learning game. Three 

tests were applied to measure their performance: a pre-test at the beginning of the experiment, 

and two post-tests, the first administered directly after the learning process and the second 2-3 

weeks after the initial learning.  

Results and recommendations.  MLG have been proven to create many positive effect for 

learning. It is as effective in transferring factual knowledge as textbook learning, when measured 

directly after the learning process. In longer term, the effects are blurred because the affective 

effects interfere with the measurement.  
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Introduction and background 

The number of mobile educational games is growing rapidly. Since 2005, the market of 

mobile games has enjoyed the highest rate of increase in the entire segment of educational games 

(Greer, 2013; Takahashi, 2013), and forecasts point to further rapid growth in the next few years. 

The growing usage of digital educational platforms raises the question of the effectiveness of 

education delivered through mobile technology (Schmitz, 2014). Mobile learning games 

(henceforth referred to as MLG) create a learning space for almost every target group (Oblinger, 

2004) and are considered to have the potential of influence both cognitive and socio-affective 

learning in a positive way, especially among young adults (Mitchell, 2007; Schmitz, 2014). 

Klopfer (2008) reported that MLGs enable situational learning, enhancing the process of learning 

by introducing aspects such as temporal flexibility, natural communication, and situated learning 

scenarios. However, the effectiveness of MLGs as a learning tool and learning method remains 

questionable and needs to be investigated further to determine the learning effects achieved 

through their practical application. Therefore, we decided to design an experiment that aimed to 

compare the effectiveness of the textbook approach to that of mobile learning games. In terms of 

the applied methods, we concentrated on the delivery of factual knowledge, and – from a 

cognitive learning perspective – on remembering phases and definitions from the perspective of 

revised Bloom’s taxonomy (Anderson & et al., 2001).  

Literature review of digital-game based learning 

Mobile learning games are digital tools for learning and building learning strategies 

around digital tools is one of the most important topics in modern education. Digital Game-

Based Learning (henceforth referred to as DGBL) is a rapidly growing research trend (Cook, 

Mor and Santos, 2015) around the application of digital games in the learning-teaching process, 
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as well as in the field of learning effectiveness. DGBL can be described in various ways. Erhel 

and Jamet (2013) defined DGBL as a competitive activity in which students pursue educational 

goals in order to acquire knowledge and practice their skills in virtual environments. Other 

authors provide more tangible definitions; e.g., Mayer and Johnson (2010) defined a DGBL 

environment as a set of rules and constraints with dynamic feedback to user actions, an 

appropriate challenge level for a better sense of self-efficacy, and a gradual, learning-oriented 

outcome. This definition comes close to the idea professed by both Prensky (2001), whose 

concept of learning digital natives was the marriage of learning and digital entertainment, and 

Vygotsky (1978) and his theory of the zone of proximal development. These definitions and 

theories pinpoint the role of digital learning games as acting as an entertainment platform 

designed around the cognitive learning process of its users. 

The key issue with usage of DGBL is its effectiveness, which can be defined in several 

ways. The most popular classification of learning outcomes assessment in simulation gaming has 

been defined by Garris, Ahlers and Driskell (2002), which can be assessed based on knowledge 

transfer (cognitive learning outcomes), skill acquisition (skill-based learning outcomes), and 

attitude/behavioral change (affective learning outcomes). All, Castellar and Van Looy (2014) 

have analyzed several approaches and investigated three areas, in which the effectiveness of 

DGBL has been proven. Furthermore, many publications have featured a meta-analytical 

approach to the topic of DGBL effectiveness. Connolly, Boyle, MacArthur, Hainey, and Boyle 

(2012) have analyzed many papers, identifying 129 that demonstrate reliable research 

methodology and a set of quantifiable outcomes. They divided them into categories coherent 

with those mentioned above, yet presented in more detail: affective and motivational outcomes, 

behavioral change outcomes, knowledge acquisition/content understanding outcomes, motor 
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skills outcomes, perceptual and cognitive skills outcomes, physiological arousal outcomes, soft 

skills and social outcomes. Although they (Connolly et al., 2012) emphasized their support of 

DGBL and asserted that digital games have all of the attributes of an effective learning medium 

but solid evidence of effectiveness in many outcome areas still cannot be found. Moreover, an 

initial analysis conducted by Hays (2005), extended by Vogel, Vogel, Cannon-Bowers, Bowers, 

Muse, and Wright (2006), and concluded by a meta-analysis by Sitzman (2011), found evidence 

of benefits of digital learning games, however, many authors still express certain doubts about 

those benefits (Kebritchi, Hirumi, and Bai, 2010; Connolly et al., 2012; Girard, Ecalle, and 

Magnan, 2013). Comparative studies based on comparing the learning outcomes of educational 

games with those achieved through conventional methods have been criticized, especially for 

their questionable choice of methodology. The many confounding factors involved in these 

studies, e.g., teacher influence, the form of game and feedback, the pace of learning, or the 

delivered educational content, have been criticized as well (Erhel & Jahmet, 2013). However, 

comparing MGL with traditional classroom-based education is worthwhile, as it can offer 

meaningful results (Furió, Juan, Seguí and Vivó, 2015) and support learning effectiveness with 

new methods and facts. 

Criticism is especially strong around comparative studies (Girard et al., 2013; Connelly et 

al., 2012; Ke, 2009, Vogel et al., 2006; All et al., 2014; Vandercruysse, Vandewaetere and 

Clarebout, 2012). However, Vandercruysse, Vandewaetere and Clarebout (2012, p. 631) 

proposed a systematic model of key factors in the research on implementation of games in 

educational settings, which should allow for better quality research outcomes. 



 7 

 

Figure 1. Schematic Representation of Analytical Framework. Source: Vandercruysse et 

al. 2012, p. 631.  

They argued that it is very difficult to compare the level of effectiveness because of the 

huge variety in the scope of implementations, descriptions, and domains of educational games. 

Thus, detailed learner characteristics such as gender, prior knowledge, age, play time, teacher 

influence, and a detailed assessment of learning outcomes with respect to specific areas have 

been proposed instead of the learning elements of the game. Girard, Ecalle and Magnan (2013, p. 

212) go even further, and by using a simple benchmarking technique, they establish average 

“criteria” for the group size, for the applied research methodology, and for the measures of the 

learning outcomes. However, their selection was limited to quite specific types of studies, 

although it nonetheless offered some predictions of the quality measures of comparative studies. 

We have chosen to concentrate on the two above mentioned variables list that are 

important from the perspective of the study group. The first variable is gender. A great deal of 

speculations accompanies the relationship between playing games and gender. Vandercruysse et 
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al. (2012) presented a meta-analysis of using gender as a covariant and pointed to the examples 

of Ke (2008), Papastergiou (2009) and Wrzesien and Raya (2010), who showed evidence of 

gender influencing learning through technology while investigating how girls and boys enjoy 

interacting with video and computer games. Furthermore, the discussion on gender and learning, 

with special regard to learning through technology, is well-developed across the area of study. 

We are aware of many publications on the matter published throughout the years of discussion 

(Shaw and Marlow, 1999; Lee, 2003; Sanders, 2006; Wang, Wu and Wang, 2009; Joiner, 

Iacovides, Owen, Gavin, Clibbery, Darling and Drew, 2010; Yau and Fong Cheng, 2012). 

Debate topics range from the technological gap of using computers in learning for males and 

females to conclusions that no major differences can be identified at the level of the effectiveness 

of learning through computers and games. However, if we look at the issues of technology 

adoption, confidence in using technology for learning, and motivation and usage of solutions, 

many questions remain to be answered. Therefore, further investigation of gender effects in 

mobile game learning can be of great value (Su & Cheng, 2015). 

Our research focused on students from finance major and management majors and is 

treated as a second variable. During the management studies, students develop their soft skills, 

whereas the finance path gives more opportunities to master hard skills. It is important if we take 

two perspectives into account. The first such perspective is learner profile, which plays an 

important role in the implemented logical model (Vandercruysse et al., 2012). The second 

perspective is the role of prior experiences, expectations, and motivation, which can have 

substantial impact on the learning performance (Baker, Bernard and Dumez-Féroc, 2012; Shute, 

D'Mello, Baker, Cho, Bosch, Ocumpaugh, Ventura and Almeda, 2015; Stephan, 2015; Song, 

Kalet and Plass, 2015). The prior background of the participants of the study is an important 
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variable and influences both learning abilities (Vandercruysse et al., 2012; Ke, 2008; Virvou, 

Katsionis and Manos, 2005; Huizenga, Admiraal, Akkerman, and ten Dam, 2009) and 

motivation. 

Many recent studies and meta-studies (Girard et al., 2013; Connelly et al., 2012; Ke, 

2009; Vogel et al., 2006; All et al., 2014; Vandercruysse et al., 2012; Schmitz, 2014; Tobias and 

Fletcher, 2008; Kebritchi et al., 2010; Wouters, van Nimwegen, Oostendorp and van der Spek, 

2013) provide very little evidence of the effectiveness of DGBL. When evidence of its 

effectiveness is available, it is primarily around behavioral or affective domains, both in the 

experimental and real-world situations. On the other hand, we can encounter more criticism and 

doubts based on the conclusion that although digital games can be used as effective learning 

tools and methods, the question is how to achieve the desired effects in practice.  

 

Research approach 

Mobile games are potentially very useful tools for learning and may have a positive 

impact on the cognitive learning process (Schmitz, 2014). Observing the generation of today’s 

learners educated in today’s high schools and higher education institutions, we become aware 

that mobile technology has dominated their daily routine (Lenhart, 2015). Using smartphones to 

play and chat is an essential part of their behavior and satisfies their need to play (Bekebrede, 

Warmelink & Mayer, 2011). Using mobile devices has become very natural to them, which is 

why mobile technology seems likely to become their natural learning environment (Farley et al., 

2015; Murphy, Johnson, 2015). We decided to analyze the impact of MLG on the process of 

knowledge acquisition compared to the classic textbook reading technique. In one of the recent 

studies of the application of MLG, Furió, González-Gancedo, Juan, Seguí, and Rando (2013) 
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developed an extensive comparison of the theoretical and methodological aspects of comparing 

game learning methods with traditional methods, and their findings were quite mixed. On the one 

hand, it is difficult to separate the cognitive learning process from the affective area, because 

using gaming oriented methods provides arousal and engagement. Yet, we must take the strong 

need to measure the precise learning outcomes achieved in each area separately into 

consideration; i.e., we should measure individually for cognitive, affective, behavioral, and skill-

based areas (Garris et al., 2002). Moreover, a strong methodological structure is necessary to 

secure quantifiable outcomes. We decided to analyze a narrow learning outcome spectrum 

consisting of the area of knowledge acquisition, and have opted for using a mobile learning game 

to compare the results with those achieved using traditional textbook learning. We also decided 

to create a specific mobile game version designed especially for the purpose of this study in 

order to keep the content of the study under control. Using a dedicated MLG gives us the 

advantage of creating a controlled learning environment and learning context, which was one of 

the main concerns in previous studies and meta-analyses (Girard et al., 2013; Connelly et al., 

2012; All et al., 2014; Vandercruysse et al., 2012; Schmitz, 2014; Tobias and Fletcher, 2008; 

Kebritchi et al., 2010; Wouters et al., 2013).  

The purpose of the study was to discover the existing dependencies in the investigated 

area, so we decided to use a quasi-experimental methodology based on the serious simulation 

games methodology (Mayer, 2009, 2014; Kriz and Hense, 2006; Duke and Geurts, 2004). We 

designed the initial version of the experiment using Vandercruysse et al.’s (2012, displayed in 

Figure 1) modeled approach. Instead of proposing hypotheses, we decided to set several research 

questions: 
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1. Which of the learning methods will be more effective for knowledge acquisition: MLG or 

textbook in the long term ? 

2. Which learning method, textbook-based or mobile game-based, will be more effective as 

a direct learning method of knowledge acquisition in the short term? 

3. Which learning method will be more effective in preventing the knowledge unlearning 

effect? 

4. What is the impact of gender on learning outcomes achieved by two different learning 

methods?  

5. What is the impact of student chosen specialization on learning outcomes achieved by 

two different learning methods?  

 

Research design for comparative experimental study    

The experiment was designed around moderating variables and features in a controllable 

environment aiming at the outcomes of knowledge acquisition (Vandercruysse et al., 2012). We 

selected 30 basic definitions from the areas of economics and finance – demand, supply, 

elasticity, etc., and prepared reading materials in the form of a textbook and a mobile game 

application delivered as a quiz. The range of definitions, materials, and in-game content was 

prepared taking into consideration students’ progress and comparability of methods.                                         
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Figure 2. Design of the experiment and the outline of the procedure.  

In the case of measurement of the learning outcomes, we decided to use written 

assignments in a one pre-test and two post-tests method. Tests consisted of a list of all 30 

definitions, and students were required to write the correct definitions next to their names in the 

allotted time. At the beginning of the experiment, all students were informed that they would be 

required to take a series of tests and that their final score would influence their final score 

(around 10%) for the course to a moderate extent because we wanted the participants to take the 
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task seriously. The first test was administered, followed by the research procedure (see Figure 2). 

In-game points and results were not taken as outcome measurements for two reasons. Firstly, 

students can play the game an unlimited number of times and the highest score does not provide 

enough power to draw conclusions about learning outcomes. Secondly, to create a comparative 

study experiment, we need an outcome measurement that can be compared in both groups (Furió 

et al., 2015). The structure of the experiment has been designed in such a way as to maximize the 

level of control over the content and comparability of outcomes, as well as to minimize the social 

influence of the teacher, whose only role is that of the time- and scorekeeper (Vandercruysse et 

al., 2012; Wouters and van Oostendorp, 2013). 

The sample group structure 

The participants of the study were 160 freshman students of the university, aged 18-20 

(19 on average), enrolled in fall semester courses in 2014 (see Table 1). Most those students 

were of Polish nationality, with some percentage of them having Ukrainian citizenship. They 

were organized in workshop groups of approximately 25 people each by specialization. We 

chose to conduct the experiment among students from finance and management majors. The 

groups were randomly assigned to a control group and a test group, both more or less equal in 

size. During the freshman year, the teaching program for these two majors is the same. 

Table 1. Internal structure of the groups in terms of gender and majors. 

Group structure Control group Test group Total group 

Female 40.00% 44.90% 42.40% 

Male 60.00% 55.10% 57.60% 

 No. of people  81 79  160  

Finance major 44.44% 44.30% 44.38% 

Management major 55.56% 55.70% 55.63% 

 

The mobile quiz game   
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The game was designed and developed by a team from our university according to 

modern standards of instructional design (Peters, 2013). We applied user-oriented and visual 

design methodologies in the process of design (Pagulayan, Keeker, Wixon, Romero, and Fuller, 

2002; Schell, 2008). The design is basically based on a quiz game with mini-games inserted for 

every 5 questions. The questions can be drawn randomly from the database. The question 

database can feature multiple sections/topics, and this enhances the game’s flexibility with 

respect to the area of the knowledge covered. The knowledge base can be adjusted and updated 

for the optimal solution at hand at any time to create an adjustable learning environment for the 

chosen target group (Kriz, 2003). The study featured 30 quiz questions with a random 

appearance pattern and with a single choice answer pattern.  

 

Figure 3. Quiz mode in SmartLeo mobile game. 

The game design is simple and features flat design graphics. After the game starts, the player is 

presented with a question and up to four answers to select from; after the player selects their 
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answer, the system provides immediate feedback (see Figure 3). The feedback is double-

structured, based on a simple color-coded indication of the correct answer and an in-game 

character called Leo. Leo, who is the university mascot, was introduced into the game for better 

immersion (Koster, 2005) and says a few funny quotes, chosen randomly from two catalogues. If 

the answer is correct, Leo praises the player, but if the answer is incorrect, Leo encourages the 

player to try again. The player has three lives, symbolized by miniature Leo heads in the upper 

left corner of the screen. The time to answer each question and to play mini-games is limited, 

displayed by the red bar in the upper-right corner of the screen. The faster the player answers, the 

more points he or she scores. In the study, the time counter for each quiz question was set to 30 

seconds. The number of questions in the study was set after a series of calculations that led to the 

conclusion that even in a random order generation, with multiple games played during the 

allotted 60 minutes, every question is presented to the player at least several times – even if the 

player performs poorly.  Every 5 questions, a mini-game is presented to the player. Mini-games 

are designed both as a challenge and as a bonus reward. The game offers different types of mini-

games, such as a crossword puzzle, a Pac-man style game, and matching photos with names of 

famous people, objects, logos, etc.  

When the game is finished, the final score screen pops up, and the registered players can 

see their rank compared with the top scores. They can also track their own past scores, which 

acts as a competitive benchmark and a source of progress feedback. The game system also 

invites them to play again to achieve a higher score. In the test group, students were playing from 

22 to even 40 times during the allotted 60 minutes.  

Results of the study 
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The students participating in the experiment could score up to 30 points for the checking 

tests – one point per each correct answer. Moreover, points were awarded only for fully correct 

definitions; no half-points were given.  

Table 2. Results of the tests for both groups. 

Textbook learning 

(control group) Pre-test 0 Post-test 1 Post-test 2 

Mean 2.81 13.06 11.17 

SD 2.47 5.19 7.17 

Number 80 80 72 

Mobile learning game 

(test group) Pre-test 0 Post-test 1 Post-test 2 

Mean 5.56 17.73 16.11 

SD 3.73 6.51 6.47 

Number 78 78 63 

Statistical significance - control group versus test group 

Cohen’s d -0.8693264 -0.793258 -0.7233882 

effect size r -0.398634 -0.3686878 -0.3401294 

d effect size large large medium 

t-Test (two-tailed) -5.557692*** -4.9652*** -4.14391*** 

p 0.0000001 0.000002 0.00006 

df 156 156 133 

α = 0.05 and β = 0.2 

* denotes statistical significance at the 10% significance level       

** denotes statistical significance at the 5% significance level       

*** denotes statistical significance at the 1% significance level       

 

The initial analysis was performed with the entire population of students, and type I and 

type II errors of α = 0.05 and β = 0.2 were used for all calculations, which usually gives enough 

statistical power to prove significance for a sample of this size. We also decided to use both 

Cohen’s d (Cohen, 1988; Cumming, 2012) and a two-tailed t-Test with df for independent 

groups. Both tests were administered to reach an optimal testing sequence (Wouters & van 

Oostendorp, 2013).  
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At first glance, the results indicated a clear advantage of MLG (see Table 2). The tested 

students displayed very little knowledge about the presented definitions, as intended, and they 

were not informed about the test beforehand. However, even though the sub-groups were 

randomly assigned to the control and test groups, we obtained a statically significant difference 

in the pre-test for the test group with MLG. The size and significance tests have shown an 

advantage in favor of MLG, but the conclusions drawn from these results are limited. Therefore, 

we have decided to examine the issue of the change in knowledge in both groups and regarding 

considered variables. As the statistically significant difference in pre-test is present in all direct 

and cross analyses, we would like to concentrate on the knowledge acquisition changes. 

Table 3. Change in knowledge acquisition outcomes. 

  Both groups Female Male 

  Delta 1-0 Delta 2-1 Delta 1-0 Delta 2-1 Delta 1-0 Delta 2-1 

  Textbook learning 

Mean 10.26 -3.01 11.45 -3.34 9.46 -2.78 

SD 5.15 8.58 4.78 8.35 5.24 8.72 

Number 80 72 32 30 48 42 

  Mobile Learning Games 

Mean 12.17 -1.67 11.04 -1.87 13.09 -1.51 

SD 6.40 5.90 4.92 5.06 7.25 6.46 

Number 78 63 35 27 43 36 

  Statistical significance - control group versus test group 

Cohen’s d -0.3288 -0.1820 0.0845 -0.2129 -0.5739 -0.1655 

effect size r -0.1622 -0.0906 0.0422 -0.1059 -0.2758 -0.0825 

d effect size small none none small medium none 

t-Test (two-tailed) -2.0635*** -0.2172 0.2013 -0.4538 -2.6051*** 0.1053 

df 156 133 62 53 92 78 

α = 0.05 and β = 0.2 

* denotes statistical significance at the 10% significance level       

** denotes statistical significance at the 5% significance level       

*** denotes statistical significance at the 1% significance level       
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The change effect can be measured in two points (see Table 3). Delta 1-0 changed in the 

test results with respect to the pre-test and the first post-test. Delta 2-1 points to the results of the 

change between the first post-test and the second post-test administered 2-3 weeks after the 

initial learning. MLG demonstrates slightly higher results in learning outcomes measured by the 

test, but only immediately after learning. However, the obtained results are on the border of 

significance, and Cohen’s d indicated a small effect size. The second post-test shows no 

statistical dependency at all and was also completed by a slightly smaller number of participants 

because of the absence of some students.  

The data presented in Table 3 also indicated that female students achieved the same level of 

effectiveness of learning using either MLG or a textbook. However, the change in the learning 

outcomes in knowledge acquisition becomes statistically insignificant, although the Cohen’s d 

result for the second post-test (Delta 2-1) indicated a small effect in favor of MLG. The cross-

analysis for male students (see Table 3) suggested that learning using MLG has been effective in 

the case of male students as well. Taking the issue of knowledge increase into account, the 

change in the learning outcomes in knowledge acquisition is statistically significant. The 

Cohen’s d result for the first post-test (Delta 1-0) indicates a moderate effect in favor of MLG, 

which points to a conclusion that male students obtained higher results by learning using MLG 

than males learning from textbooks. However, it was more of a short-term effect because the 

second post-test shows no dependencies at all. If we look at this cross-analysis, one effect 

appears to be particularly distinctive. Male students from the experimental group were 

statistically weaker than females, but managed to bridge the knowledge gap faster than males 

from the textbook learning group. 
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The second variable we took into consideration is learner characteristic divided by 

specialization pursued as part of studies. In the direct comparison of the textbook-learning group 

versus MLG, no statistically significant effects in short-term learning were observed. 

Table 4. A cross-analysis of students by major from the control group versus the test 

group.  

  Textbook learning 

Mobile learning 

game Finance Management 

  Delta 1-0 Delta 2-1 Delta 1-0 Delta 2-1 Delta 1-0 Delta 2-1 Delta 1-0 Delta 2-1 

  Finance major Textbook learning 

Mean 10.3333 0.6944 12.5571 -1.0714 11.0833 -2.4583 9.5795 -3.4545 

SD 5.0744 7.7731 6.3592 6.3086 4.7251 8.4388 5.3862 8.6608 

Number 36 34 35 28 36 34 44 38 

  Management major Mobile learning game 

Mean 10.1932 -6.0341 11.8605 -2.1429 11.0429 -1.8704 13.0930 -1.5139 

SD 5.2171 7.9946 6.4098 5.5131 4.9242 5.0600 7.2523 6.4609 

Number 44 38 43 35 35 28 43 35 

Statistical importance 

Cohen's d 0.0272 0.8527 0.1096 0.1806 -0.3877 0.2487 -0.4191 -0.5668 

effect size r 0.0136 0.3922 0.0547 0.0900 -0.1903 0.1234 -0.1414 -0.2727 

d effect size non large non non small small small medium 

t-Test two 

tailed 
-0.1286 2.5022** 0.4729 0.7072 -1.4168 1.1217 -1.4843 -1.3862 

df 78 70 76 61 64 53 90 78 

                  

α = 0.05 and β = 0.2               

* denotes statistical significance at the 10% significance level 

** denotes statistical significance at the 5% significance level 

*** denotes statistical significance at the 1% significance level 

 

If we look at the cross-analysis presented above, we observe that in direct comparison, 

finance major students benefited from MLG much more than from textbook learning (see Table 

4). However, in the case of change of the learning outcomes, we see no statistically significant 

results. If we look at Cohen’s d test, we can find two small effects on different planes. MLG had 
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a more positive effect in the short-term, but in the long-term, it was textbook learning that 

appeared to be more beneficial. 

In the case of the last cross-analysis for management students (see Table 4), we notice a 

very similar pattern to the previous cross-analysis. As for the change in the learning outcomes, 

we do not see any statistically significant results. In this case, however, we can identify two 

effects on the same plane in Cohen’s d tests. MLG had a more positive effect in the short-term, 

with a rather small effect in question, but in the long-term perspective, MLG resulted in better 

results and the effect was moderate. This result suggests that in the group of management major 

students, the process of decay of knowledge has been inhibited by means of MLG learning. 

  

Results - discussion and limitations 

The main objective of the study was to compare MLG effectiveness in knowledge 

acquisition in comparison to the classic textbook learning. In order to reach this goal, we had to 

apply a rigid quasi-experimental research process design, including mobile learning game 

design, research procedure and evaluation methods design with regard to strong criticism 

expressed towards comparative studies in many publications and meta-analyses on the subject 

(Girard et al., 2013; Connelly et al., 2012; Ke, 2009; Vogel et al., 2006; All et al., 2014; 

Vandercruysse et al., 2012; Schmitz, 2014; Tobias and Fletcher, 2008; Kebritchi et al., 2010; 

Wouters et al., 2013; Erhel and Jahmet, 2013). We intended to choose a very narrow area of 

knowledge to arrive at easily measurable learning outcomes around knowledge acquisition 

(Garris et al., 2002), and in those terms, the quasi-experimental measurement can be perceived as 

successful. Still, this very narrow area of knowledge does not answer the question of whether 
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mobile learning tools can support or sustain larger and more complex knowledge structures 

better than plain definitions.  

There are many trade-off to be met with comparative study like this one. Textbook style learning 

is more memorization-oriented with as many time for the task as needed. While in MLG there is 

a limited time for every task and learning occurs more by drill-and-practice method (Egenfeldt-

Nielsen, 2006). Thus, very strict and limited time and subject scope have been introduced, also 

the type of the test method have been selected based on the more behavioristic rationale. The 

other trade-off was removing the debriefing part, which is essential part of the learning process 

in simulation and gaming (Kriz, 2003, 2006, 2009; Crookall, 2010). Minimizing the influence of 

the teacher/moderator was one of the elements requiring attention, as the human factor was a 

disturbing element affecting the relationship between the control group and the test group. 

Literature and textbook study involve library-style learning and have very little – if any – 

teacher/moderator influence; thus, the game itself must be self-sustainable as well. Many voices 

of criticism (Girard et al., 2013; Connelly et al., 2012) argued that the influence of the teacher 

can appear to be an unusable element in DGBL effectiveness research. Games in an educational 

setting tend to be moderated and supported by a debriefing process (Kriz, 2003; Kriz & Hense, 

2006), and if positioned as part of a curriculum, can be even more effective (Sitzmann, 2011). 

However, in the case of a controlled experiment, replacement and replication of the learning 

process must be maintained for compatibility and measurability of the results, which can also 

contribute to the question of whether we can replace part of a given curriculum with digital 

/games. Thus, the debriefing in the experiment group with the MLG was not performed. The 

reasons for such exclusion are twofold. First of all, it decreases the teacher/moderator influence. 

Secondly, MLG in the study represents quiz type game with drill-and-practice method 
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(Egenfeldt-Nielsen, 2006), which do not necessary require the debriefing for the learning process 

to occur. The role of the debriefing in the MLG learning process, can be a very interesting topic 

for the future studies. 

The aspect of the time effect is also a very important part of the present area of study 

(Vandercruysse et al., 2012). First, the time allotted for playing/learning and measuring the 

outcomes is important in terms of data quality and sustainability of the research process. Strict 

research procedures have the advantage of collecting better quality data, but this can influence 

the outcome itself as well. Giving students one hour for learning from a textbook and from a 

game was somewhat of a gamble because a proven relationship between gameplay time and 

results exists (Beale, Kato, Marin-Bowling, Guthrie and Cole, 2007). However, the combination 

of the limited area of knowledge and the given mechanics has appeared sufficient to reveal 

meaningful dependencies. Second, the process of learning is always coupled with the process of 

unlearning (Lee, 2003). In our study, this is reflected in the first and the second post-tests. The 

results of the second post-test were much worse than those obtained immediately after the 

learning, although a difference remained for sub-groups; e.g., finance major students had higher 

results after 2-3 weeks with textbook learning, whereas MLG appeared to have worked better for 

management major students. The problem that was discovered during the research was that 

affective outcomes tended to mix with the cognitive process. All students participating in the 

study were informed about the second post-test and, as we discovered, many of them had 

prepared themselves for that test. In the test group, we found that 73% of the students played the 

game between the initial experiment and the second post-test; on average, there were 23.5 games 

played (SD = 18.5), ranging from 1 to 64 games played over this period of 2-3 weeks. Moreover, 

female students played more often than male students. Female students played the game 26.5 
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times on average (SD=18.35), compared to male students having played it 20.87 times on 

average (SD=18.12). We also asked students from the control group if they had studied for the 

second post-test. Approximately 34% of them reported that they had reviewed the material, with 

an average time of 20 minutes spent on the activity. The affective/motivational effects have 

intervened with the long-term study and caused the results to be extremely disturbed, which 

caused significant difficulty with the interpretation thereof. 

This study faces many limitations. The first of them is related to the student group, which 

was composed of two nationalities, with most students being of Polish citizenship. The second 

limitation has already been mentioned, which is the fact that the learning outcomes analysis was 

limited to only the cognitive effects in the chosen area of knowledge. The aforesaid time 

constraints also limit the conclusions to be drawn in terms of the learning time and second post-

test administration. The most important limitation, however, is the structure of the study group 

itself. Although the students were assigned randomly to the control and test sub-groups, we are 

still able to observe significant differences between those groups at the pre-test stage. This poses 

a significant limitation to drawing concluding remarks from direct comparison of the trend of 

knowledge increase or decay. 

 

Conclusions  

The study presented in this article aimed to assess the effectiveness of learning using MLG 

in comparison with textbook learning. The design of the study intended to show both short- and 

long-term learning outcomes in knowledge acquisition (Garris et al., 2002). The conclusions 

drawn are quite mixed. On the one hand, we observed many positive effects and advantages of 

MLG used as a learning tool. MLG was overall very effective learning tool for all students in the 
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experiment group and provided knowledge gains measured directly after the experiment.  On the 

other hand, we were not able to identify long-term effects, and many dependencies appear to be 

quite weak in terms of statistical significance. From an experimental perspective, we can assert 

that many the results of MLG-based learning proved to be at least at the same level of 

effectiveness as classic textbook learning.  

Furthermore, we did not find many effects when it came to the gender variable breakdown. 

This does not come as a surprise, but earlier works (Ke, 2008; Papastergiou, 2009; Wrzesien and 

Raya, 2010) indicated a dependency between gender and the predisposition towards playing 

games and the outcomes of playing games. Still, we did find one very interesting effect: We 

noticed that males in the experimental sub-group who appeared to be statistically significantly 

weaker than females managed to bridge the knowledge gap faster than males from the control 

group. This finding may suggest that MLG has the potential to act as a support tool for 

disadvantaged students. However, the effects in using games and technology with respect to 

gender go far beyond mere cognitive learning outcomes, and further research around affective 

and behavioral aspects is certainly required (Su & Cheng, 2015). 

Learner background and prior knowledge could also be important factors (Vandercruysse 

et al., 2012; Ke, 2008; Virvou et al., 2005; Huizenga et al., 2009 Shute et al., 2015; Song et al., 

2015) in determining the learning performance and outcomes achieved with the help of MLG. 

The students’ chosen major was the second variable introduced to the analysis. Short-term 

effects are not conclusive, as we have found no statistical effects in favor of any learning 

method. In the case of the long-term effect (post-test 2), students majoring in finance scored 

higher with textbook-style learning, while students majoring in management benefited more 

from MLG. A long-term outcome effect for the finance major students was the only effect found 
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to be statistically significant, which pointed to the advantage of the traditional method of 

learning in this sub-group. 

The current state of knowledge and research indicates directions for future studies. Long-

term effect measurement demonstrated how difficult it is to separate cognitive learning outcomes 

from affective/motivational learning results (Vandercruysse et al., 2012; Erhel and Jamet, 2013). 

Designing games for learning and research purposes is important, and with more precise 

measurements of learning outcomes, we can obtain evidence of the positive influence of games 

in the context of education. Another interesting future research area, also inspired by this study, 

is one related to time effects. The extent of research on the temporal effects in DGBL is limited 

(Vandercruysse et al., 2012), but time seems to indeed be a very important element in this 

setting. We believe that the biggest challenge will be to make DGBL able to deliver knowledge 

in a sustainable and long-term manner. 
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