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Abstract 

Disclaimer. Due to the outbreak of Covid-19 during spring 2020, the results of our study are 

partly based on fictive data. The persuasive strategies could not be identified and were therefore 

randomly divided over the minigames.  

In this paper, we investigate whether the personalization of persuasive strategies in game-

based learning environments can be helpful to increase the performance of students. Firstly, we 

tested whether the performance of students differed between games in which different persuasive 

strategies are employed. Secondly, we investigated whether the effect of persuasive strategies on 

performance differed among individuals with an RM-ANOVA. We concluded that persuasive 

strategies can influence the performance of students, because of the differences in performance 

among games with different persuasive strategies, however, the effect of the persuasive strategies 

did not differ among individuals. Thereafter, we divided the data randomly over two sets and 

tested whether performance in games with a certain persuasive strategy, was related to the 

performance in games with this strategy in the second set. For which we found contradictory 

results. Finally, we dive into the subject of personalization of persuasion and define future 

research steps that need to be taken to achieve personalized game-based learning environments 

in terms of persuasion. 

 Keywords: Gamification, Game-Based Learning, Persuasion, Student Engagement 
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1. Introduction 

Disengagement of students is a problem in education that has been around for decades 

(Lens & Decruyenaere, 1991; Newmann, 1992; Willms, 2003), and that can have severe 

consequences in education (Bergdahl et al., 2020; Collins & Valentine, 2010; Willms, 2003). 

Student engagement is defined as “the student’s psychological investment in and effort directed 

toward learning, understanding or mastering the knowledge, skills, or crafts that academic work 

is intended to promote” (Newmann, 1992, p.12). When students are not invested in their learning 

and do not put effort into it, this is called student disengagement. Student disengagement is 

problematic since it has been associated with high drop-out numbers, low participation rates, and 

a low sense of belonging in education (Willms, 2003). Furthermore, students’ engagement in 

education is important since it is directly linked to the students’ performance in school. For 

instance, more engagement in reading leads to higher reading achievement (Guthrie & Cox, 

2001) and other researchers found disengagement of secondary school students to be related with 

lower performance in both traditional learning (Collins & Valentine, 2010) and in technology-

enhanced learning (Bergdahl et al., 2020). In order to reach sustained engagement, students need 

to be motivated and education must fit with the needs and interests of students (Khaddage et al., 

2016). Therefore, both content and teaching methods should continuously be reviewed to match 

those with the student and keep the educational system engaging. 

A potential solution to increase student engagement is game-based learning. Game-based 

learning is an innovative learning method that employs digital games with educational value 

(Ecker et al., 2011). Gamification is used as the design approach for the game-based learning 

environment. Gamification is a hedonic design approach for services and systems that 

implements motivational affordances through the use of game elements, such as badges, 
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leaderboards, and challenges (Huotari & Hamari, 2012). The term motivational affordances was 

introduced by Deterding (2011) to describe the motivational pull that is created by the 

implemented game elements, which should not be confused with the use of the term affordance 

by Gibson (1950) who uses the term affordance for an object’s possibilities for action. These 

affordances are implemented to motivate and support the user towards a certain behavior that is 

targeted by the system. The change in behavior is seen as a result of the psychological outcomes 

induced by the motivational affordances. The conceptualization of gamification of Hamari et al. 

(2014) is presented in Figure 1. 

 

Figure 1 Conceptualization of Gamification (Hamari et al., 2014) 

The concept of gamification has been introduced in 2010 and has increasingly received 

the attention of both researchers and developers and has been applied in different fields, for 

example, to increase engagement in governmental services, stimulate healthy behavior and 

exercising and to support learning (Koivisto & Hamari, 2019). The experiences evoked in the 

users by the affordances are among others enjoyment, flow, immersion, autonomy, mastery and 

accomplishment, which are induced by games and gameplay (Hamari & Keronen, 2017). These 

experiences are known to trigger intrinsic motivation which can cause the player’s engagement 

with the game (Ryan & Deci, 2000a). Implementing ‘gameful’ affordances in for example a 

learning environment aims to transfer the motivational effects caused by the affordances to this 

learning environment. When this is done successfully, engaging in the learning environment is as 

motivating as playing a game. Additionally, the affordances can be used to carry out persuasive 

strategies to influence the attitude and behavior of the players. So game-based learning seems a 
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promising solution since it can evoke a positive experience in students that subsequently 

increases motivation and engagement (Hamari et al., 2014; Alsawaier, 2018). However, many 

game-based learning environments do not live up to the expectations and fail to reach their goals, 

through tight budgets and poor game design (Shen et al., 2009). Therefore, it is important to 

evaluate and research game-based learning environments to improve the environments. 

One way to improve game-based learning environments is by personalizing them to the user. 

Earlier research showed that personalizing the learning environment, by adapting it to the user’s 

preferences, needs and interests helps to increase the performance of the students (Esposito et al., 

2004). The increase in performance due to personalization is caused by a better fit of the game 

with the players and an increased flow experience as a result of the better fit (Hsieh et al., 

2016a). Personalization of the game environment has been done in different ways, for example 

by clustering the students based on their behavior in the game (Hsieh et al., 2016; Kausar et al., 

2018), or by adjusting the challenge in the game to the user’s skill (Hamari et al., 2016). Still, the 

question of whether persuasive strategies can be adjusted to the user and used more effectively in 

order to increase engagement and as a result increase the performance of students, remains 

unanswered. This will be the focus of this study. 

1.1 Persuasion in Education. As stated above, gamified environments are used to 

change the user’s behavior in a certain direction. In game-based learning environments this target 

behavior is learning and the mastery of new knowledge and skills. The change in behavior can be 

induced through persuasion. Persuasion is the art of influencing someone’s beliefs attitudes, 

intentions, motivations, or behaviors (Oinas-Kukkonen & Harjumaa, 2009). In education, 

persuasion is crucial to reach learning, and sometimes persuasion is even seen as a metaphor for 

teaching (Fives & Alexander, 2001; Murphy, 2001). Educators aim to influence and change the 
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minds of students, in other words, they want to persuade students towards learning. In 

classrooms, persuasion is often carried out via discussions and refutation (Hynd, 2001), which is 

a more traditional form of persuasion that is persuasive in three ways according to Aristotle 

(Rapp, 2010). First, the messages of educators can be persuasive through the logic or reason of 

these messages which he called ‘logos’, second there is persuasiveness through the credibility 

and reliability of the educator called ‘ethos’ and finally the messages can be persuasive by 

appealing to the needs, values, and emotions of their audience called ‘pathos’ (Rapp, 2010). 

However, more novel and varied ways of persuasion can be employed in games. Persuasion in 

games is called game rhetoric and can be distinguished into three types of rhetoric (Yusoff & 

Kamsin, 2015). Firstly, visual rhetoric influences humans through the use of imagery and visual 

representations (Bogost, 2007). Secondly, procedural rhetoric is defined by Bogost (2007) as 

“the art of persuasion through rule-based representations and interactions rather than the spoken 

word, writing, images, or moving pictures”. Finally, digital rhetoric can be employed in games 

which is persuasion through the use of digital text messages (Yusoff & Kamsin, 2015). Games 

are a relevant medium for these types of rhetoric and therefore have unique persuasive powers.  

Persuasion can be carried out via different strategies, which are called persuasive 

strategies. There is a wide variety of persuasive strategies, which researchers tried to categorize 

in different frameworks (Cialdini, 2007; 2016; Gillison et al., 2019; Oinas-Kukkonen & 

Harjumaa, 2009). The tripartite division of rhetoric of Aristotle (Rapp, 2010) can be seen as a 

first framework, in which three types of persuasive strategies are distinguished and served as an 

inspiration for later research. Examples of persuasive strategies are authority and rewards. 

Students can be motivated for learning when a teacher with authority gives them instructions or 

when they receive rewards. Cialdini (2007) stated that the power of persuasive strategies can be 
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explained by fundamental psychological principles that guide behavior. He proposed six basic 

categories governed by those principles over which persuasive strategies can be divided. 

Although these categories are not made up for persuasive games, some of them are still relevant 

and applicable in this field. The six categories of Cialdini (2007) are consistency, reciprocation, 

social proof, authority, liking, and scarcity. More recently Cialdini complemented a seventh 

category to this list, unity (Cialdini, 2016). The seventh category ‘unity’ focuses on the shared 

identity of the influencer and the person that is influenced. Whereas the categorization of 

Cialdini (2007; 2016) is based on human behavior principles, Oinas-Kukkonen & Harjumaa 

(2009) used a more technology-centered approach for categorizing persuasive strategies. Oinas-

Kukkonen & Harjumaa constructed a framework for strategies for persuasive system design that 

distinguish strategies based on their goal in the technological system. Their framework consists 

of 28 strategies divided over four different categories, which are primary task support, dialogue 

support, system credibility support, and social support. Shih and Jheng (2017) used the 

framework of Oinas-Kukkonen & Harjumaa (2009) and extended it with two more strategies and 

the association between the strategies and certain game elements that carry out the 

persuasiveness. Some of the strategies in this framework do indeed affect behavior through the 

fundamental principles proposed by Cialdini (2007; 2016), however, other strategies seem to be 

explained by the psychological needs declared in self-determination theory (Ryan & Deci, 

2000b). Self-determination theory states that human motivation originates from a psychological 

need for autonomy, competence, and relatedness (Ryan & Deci, 2000b). For example, when 

learners receive rewards, this can give them a feeling of competence which motivates them to 

continue learning. However, none of the strategies in the frameworks of Oinas-Kukkonen & 

Harjumaa (2009) and Shih and Jheng (2017) seems to cover the need for autonomy, while this 
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need can be fulfilled to motivate players in games (Gillison et al., 2019). For example, games can 

provide the experience of autonomy by offering choices in a game (Gillison et al., 2019).  

1.2 Performance Measurement. In the current research, we focused on the use of 

persuasive strategies in order to increase performance. Persuading students to perform well in 

primary school is important for various reasons. For example, later achievement in life is partly 

predicted by primary school performance (Duncan et al., 2007). Additionally, school 

performance has been found to be related to self-esteem in children and lower levels of 

depression and anxiety (Rubin et al., 1977). In schools performance in a task is usually measured 

in accuracy and grades are calculated based on the proportion of errors in the task, however also 

the time that is needed to complete a task describes part of the performance (Scrams & Schnipke, 

1997). Scrams & Schnipke (1997) investigated the relation of performance and time and 

concluded that speed and accuracy describe different facets of performance. Therefore a more 

complete performance measure is derived when accuracy and speed are combined into one 

performance measure. Vandierendonck (2017) evaluated seven integrated speed-accuracy scores 

for their robustness over different sampling distributions, like skewed data and unbalanced data, 

efficiency in detecting effects, and their ability for accounting for a larger proportion of variance. 

It was concluded that the scoring methods Rate Correct Score or RCS and the Linear Integrated 

Speed-Accuracy Score or LISAS give the most robust and complete representation of the 

performance. 

The Rate Correct Score or RCS invented by Woltz & Was (2006) describes the 

performance as the rate of correct answers in a task by dividing the number of correct answers by 

the total reaction time, which is a very simple and intuitive way to combine speed and accuracy. 

The rate correct score is defined as follows: 
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𝑅𝐶𝑆 =  
𝑐

∑ 𝑅𝑇
      (1) 

In Equation 1, c is the number of correct responses in a condition, and ƩRT refers to the sum of 

all reaction times of the trials in this condition. The Rate Correct Score (RCS) could be seen as 

the number of correct responses per time unit. 

The linear integrated speed-accuracy score or LISAS combines the proportion of errors 

and the reaction time in a condition and is unique since it weighs both speed and accuracy 

equally by correcting the proportion of errors by a fraction of the standard deviation of the 

reaction time divided by the standard deviation of the reaction time. It is defined as: 

𝐿𝐼𝑆𝐴𝑆 = 𝑅𝑇𝑗 + 
𝑆𝑅𝑇

𝑆𝑃𝐸
×  𝑃𝐸𝑗     (2) 

In Equation 2, RTj is the mean in reaction time of a participant in condition j, SRT is the standard 

deviation in reaction time of a participant over all conditions, accordingly, SPE is the standard 

deviation in the proportion of errors of a participant over all conditions, and PEj is the 

participant’s proportion of errors in a single condition j. 

 In our study, the speed and accuracy of students in a game-based learning environment 

were measured and used to calculate the performance in Rate Correct Score and the Linear 

Integrated Speed-Accuracy Score. The performance of the students is compared across different 

persuasive strategies to find out whether persuasive strategies in game-based learning 

environments can be personalized to the user to increase the performance more effectively. The 

theoretical concepts and their links with each other are visualized in Figure 2.  
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Figure 2 Theoretical Framework 

 1.3 Related Work. We know that persuasive strategies can influence the behavior of 

humans in a certain direction. This can be done in order to influence the performance of students 

in education (Duarte & Carriço, 2013; Hynd, 2001). The influence of persuasion on performance 

has been found in both offline (Hynd, 2001) and online (Duarte & Carriço, 2013) learning. 

However, a “one-size-fits-all” approach is adopted by Duarte & Carriço (2013) and by Hynd 

(2001), which does not seem to be an effective solution, since different types of people respond 

differently to persuasive strategies (Orji et al., 2013). 

The personalization of persuasive strategies has been studied in the field of consumer 

behavior. Kaptein and Eckles (2012) concluded that the sensitivity to persuasive strategies 

differs among individuals. Strategies that, on average, had a positive effect on the consumers’ 

attitude, could still have a negative effect on the attitude of a lot of other consumers (Kaptein & 

Eckles, 2012). In their study, each participant rated fourteen books accompanied by different 

messages that were presented to them on different webpages. The strategies consensus, authority, 

and scarcity were implemented in these messages. Kaptein and Eckles (2012) reported individual 

differences in the responses to persuasive strategies and they concluded that these individual 
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differences were stable over time and context. These findings led to the design of personalized 

persuasive systems with the use of personalized persuasion profiles, which were able to 

implement persuasive strategies more effectively than general “one-size-fits-all” approaches 

(Kaptein et al., 2015).  

Personalized persuasion profiling has also been found to be effective in the research 

domain of gamification (Orji et al., 2013, 2017).  Orji et al (2013, 2017) constructed persuasion 

profiles based on gamer types according to the preferred actions in a game. Their initial study 

(Orji et al., 2014) defined the responsiveness to ten persuasive strategies of seven different gamer 

types and constructed persuasion profiles for those seven gamer types (Orji et al., 2014). For 

example, players with the gamer type of ‘socializer’ were motivated by cooperation, whereas 

players with the gamer type ‘conqueror’ were motivated by competition and simulation (Orji et 

al., 2014). Their follow-up study (Orji et al., 2017) implemented the persuasion profiles and 

concluded those profiles to be more effective than a general approach as well. However, to the 

best of our knowledge, the personalization of persuasive strategies have not been studied in the 

field of game-based learning.  

1.4 Research Aims. Therefore, in the current research, we will investigate whether the 

results of research in consumer behavior and gamification, can be translated to the field of game-

based learning, by investigating the following research question: 

“To what extent are persuasive strategies in game-based learning environments suitable 

for personalization to increase student’s performance?” 

An answer to this question will be systematically derived by answering the following 

three subquestions: 
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o RQa: Can persuasive strategies in game-based learning environment influence the 

performance of the players? 

o RQb: Are there individual differences between players in the effect of persuasive 

strategies on performance? 

o RQc: Are the individual differences in the response to persuasive strategies between 

players stable over time? 

We will answer the research questions by analyzing data gathered in the game-based 

learning environment ‘Can’t Wait to Learn’ that is under the development of the serious game 

studio &ranj1. Through this game, children living in conflict areas who cannot go to school learn 

math via a collection of minigames integrated into the game world. The game provides 

instructions, minigames, and a management system. In the instructions, the various math 

concepts are explained and in the minigames these concepts are brought into practice. Finally, 

the management system keeps track of the progress of the children. The children enter the game 

with zero knowledge of math and are guided through the first three years of the primary school 

math curriculum. The game automatically logs the results of the children, and from these game 

logs, datasets are created that will be used to perform the data analysis.  

In the game logs, the proportion of errors in a minigame and the time that is needed to 

finish a minigame are recorded. Those variables translate to the accuracy and speed of the 

players which are combined into performance scores. For completeness, both the Rate Correct 

Score and the Linear Integrated Speed-Accuracy Score are used to determine the performance of 

the players in the minigames. 

 
1 https://www.ranj.com/en/cases/serious-games-education-conflict-areas/ 
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The persuasive strategies in the minigames were identified based on the frameworks of 

Shih and Jheng (2017), Orji et al (2014), and Gillison (2019), that connect specific persuasive 

strategies to different game elements2. We selected a combination of strategies taken from 

multiple frameworks to find a selection of strategies that is applicable to the used game since 

none of the presented frameworks seem to cover all strategies used in the current game. The 

game used in this study is a single-player game and tries to avoid comparison between the 

children as much as possible, to prevent a feeling of insecurity in the players. Therefore socially-

oriented strategies like competition, cooperation, and social comparison are not implemented in 

the game. Furthermore, personalization and customization were not implemented in the game, 

because of the complicatedness of this. The selection of fourteen persuasive strategies and their 

descriptions are presented in Table 1. 

We formulated three hypotheses based on previous research.  

o Ha: We expect that persuasive strategies can influence the performance of players 

in a game-based learning environment.  

o Hb: Secondly, we expect that the influence of the persuasive strategies on 

performance in a game-based learning environment differs among individuals. 

o Hc: Finally, we hypothesized that the effect of persuasive strategies on 

performance is stable within the individuals. 

Firstly, Duarte & Carriço (2013) concluded that performance in games can be influenced 

by persuasive strategies. Secondly, the effectiveness of persuasive strategies have been found to 

differ among individuals in different research domains (Orji et al., 2014; Orji et al., 2017; Shih & 

 
2 Because of the outbreak of the Corona virus we were unable to get access to the game. To solve this, the strategies 

were randomly divided over the minigames. 
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Jheng, 2017). Finally, Kaptein & Eckles (2012), determined that individual differences in the 

responsiveness to persuasive strategies are stable over time and context. We expect similar 

results in the field of game-based learning. 

Table 1 Overview of the selected persuasive strategies with their descriptions 

No. Persuasive Strategy Category Description 

1 Choice Autonomy Players can choose what game they want 

to play next in the game world. 

2 Creating awareness Autonomy Games provide real-world situations, to 

make the players aware of the usefulness 

of math skills. 

3 Liking Liking The math instructions are provided by 

likable children. 

4 Praise Competence Players are applauded via words, images, 

and sounds to give positive feedback. 

5 Provide optimal 

challenge 

Competence Some games offer challenging problems 

that fit with the current skill of the user. 

6 Reduction Primary task 

support 

Complex math problems are handled step 

by step, to reduce the problem into simple 

tasks. 

7 Rehearsal  Consistency & 

Commitment 

Minigames are repeated during the game 

with differing levels of difficulty. 

8 Rewards Competence Players are offered virtual rewards to give 

positive feedback. 

9 Self-monitoring  Competence Players can keep track of their 

performance during the minigame. 

10 Similarity Unity Instructions are provided by children from 

their countries and their age. 

11 Simulation Primary task 

support 

Example solutions are presented to explain 

mathematical concepts. 

12 Social Role Relatedness The system takes on the role of a coach of 

the players. 

13 Tailoring Primary task 

support 

Information in the instructions is tailored 

to the skill of the user. 

14 Tunneling Primary task 

support 

Players are guided through the minigame 

by rules and restrictions. 
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2. Method 

2.1 Research Design. The influence of the independent variable persuasive strategies 

was measured within the participants. The participants were exposed to fourteen different 

persuasive strategies in different minigames. All participants completed at least 481 minigames 

in the learning environment of which 28 consisted of a video, which did not require the 

answering of any questions. So, the performance was measured in 453 of the 481 minigames.  

In the analysis, the dependent variable was the performance of the students expressed in 

the Rate Correct Score and the Linear Integrated Speed-Accuracy Score, constructed from the 

number of mistakes and the time that is used to complete a minigame.  

2.2 Participants. Game logs of 1148 players were collected. All players are from Sudan. 

Information about the age and gender of the players was not collected. Players that reached at 

least the start of level twenty and so completed the first 481 minigames were included in the data 

analysis, from these players those that had classes in math before were excluded. The final 

sample consisted of 96 participants. 

2.3 Materials and Procedure. Firstly, the children that participated were gathered by 

War Child in multiple areas of Sudan where children were unable to go to school. Then the 

children were allowed to come to a central location in their village to play the game ‘Can’t Wait 

to Learn’ multiple times per week. Screenshot of the game ‘Can’t Wait to Learn’ are shown in 

Figure 3 and 4.  War Child provided instructions about the game and handed out tablets to the 

children on which they played the game. The children went through the minigames one by one in 

a fixed order. Every minigame has its fault tolerance and children repeated a minigame until 

answered enough questions correctly. The tablets were handed in after every session and so, 
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tablets could be shared among the individuals. These session were led by local instructors, that 

could help the children in case of problems. 

 
Figure 3 Overview of the Game World in Can't Wait to Learn 

 
Figure 4 Screenshot of a minigame in Can't Wait to Learn 
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2.4 Data Collection. Data were collected between September 2019 and January 2020 and 

was automatically logged by the game. The number of days on which a student played the game 

varied from 3 to 31 days, divided over a time span from 8 to 114 days. On average the players 

spend 8 hours, 49 minutes, and 24 seconds in the game before reaching level twenty. 

2.5 Data preparation. Some first steps needed to be taken on the data before the data 

could be analyzed. First, the data were grouped by the minigames per individual. For each 

minigame, the first trial of a participant was selected since in the first trial the persuasive strategy 

will have the greatest influence. In the following trials, we expect players to be more focused on 

the game and the learning contents and the effect of the persuasive strategy will diminish. Then 

the playtime for this trial was calculated to subtract the start time from the end time and the 

proportion of errors was calculated by dividing the number of errors in the trial by the number of 

questions in a minigame. Then the performance scores, Rate Correct Score and Linear Integrated 

Speed-Accuracy Score, were calculated, for which the standard deviations of the proportion of 

errors and playtime within a participant were needed. Finally, the outliers in the performance 

scores were removed. 

2.6 Data Analysis. The data preparation and statistical analyses were performed in R. A 

repeated-measures ANOVA with the persuasive strategies and the individuals included as factors 

was performed to answer the first two research questions. The effect of persuasive strategies on 

performance was tested by the main effect of persuasive strategies. Whether the effects of 

persuasive strategies differed among individuals, was tested by the interaction effect of 

persuasive strategies and individuals. Finally, the stability of the effects of the persuasive 

strategy was tested with Pearson correlation tests between two random sets of the data. 
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3. Results 

Disclaimer. Due to the outbreak of Covid-19 during spring 2020, the results of our study are 

partly based on fictive data. The persuasive strategies could not be identified and were therefore 

randomly divided over the minigames. 

 3.1 Descriptive Statistics 

In Table 2 and 3 the means, standard deviations, and the sample sizes of the performance 

measures are presented within each strategy, which was compared to each other with a repeated-

measures ANOVA test. 

 

Table 2 Means, standard deviations and sample sizes of rate correct score 

Rate Correct Score 

Strategy 
Outliers Excluded Outliers Included 

Mean SD n Mean SD n 

Choice .101 .074  3443  .100  .074  3456 

Creating Awareness .094 .058  2969  .094  .058  2976 

Liking .100 .071  2572  .099  .071  2592 

Praise .097 .069  3157  .097  .069  3168 

Provided optimal 

challenge 
.105 .076  3262  .105  .076  3264 

Reduction .110 .080  3161  .109  .080  3168 

Rehearsal .106 .076  3068  .106  .076  3072 

Rewards .116 .083  3257  .116  .083  3264 

Self-monitoring .114 .081  3550  .114  .081  3552 

Similarity .101 .070  3159  .100  .070  3168 

Simulation .116 .080  2682  .116  .081  2688 

Social Role .107 .079  3451  .107  .080  3456 

Tailoring .107 .078  3063  .106  .078  3072 

Tunneling .107 .085  2579  .106  .086  2592 
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Table 3 Means, standard deviations and sample sizes of the linear integrated speed-accuracy scores 

Linear Integrated Speed-Accuracy Score 

Strategy 
Outliers Excluded Outliers Included 

Mean SD n Mean SD n 

Choice 16.81 10.84 3443 19.11 16.40 3456 

Creating 

Awareness 
16.30 9.68 2969 18.21 14.13 2976 

Liking 16.83 10.98 2572 19.39 16.93 2592 

Praise 16.98 10.08 3157 19.51 16.38 3168 

Provide optimal 

challenge 
16.14 10.29 3262 17.90 13.52 3264 

Reduction 15.15 9.46 3161 16.95 13.74 3168 

Rehearsal 15.61 9.21 3068 17.47 13.04 3072 

Rewards 15.24 10.13 3257 17.26 14.52 3264 

Self-monitoring 15.17 9.08 3550 16.97 12.01 3552 

Similarity 16.71 10.85 3159 19.25 16.50 3168 

Simulation 14.45 9.23 2682 16.25 15.78 2688 

Social Role 16.47 10.47 3451 18.50 14.97 3456 

Tailoring 15.53 9.59 3063 17.56 14.47 3072 

Tunneling 16.70 11.19 2579 19.36 19.21 2592 

 

 3.2 Hypothesis Testing. To test hypotheses a and b, we conducted a repeated-measures 

ANOVA on the dataset from which the outliers where removed. With the repeated measures 

ANOVA we examined the effect of persuasive strategies and individuals on both the Rate 

Correct Score and the linear integrated speed-accuracy score of the students. Confirming our first 

hypothesis, results showed that persuasive strategies in game-based learning environments can 

influence the performance of players, as indicated by a main effect of persuasive strategies on the 

Rate Correct Score, F(13, 39632) = 16.30, p < .001. This means that the performance measured 

in Rate Correct Scores is significantly different across the persuasive strategies. Additionally, 

repeated-measures ANOVA with the same factors was conducted with the Linear Integrated 

Speed-Accuracy Score as the dependent variable. This test also confirmed our first hypothesis, 
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indicated by a main effect of persuasive strategies on performance measured in LISAS, F(13, 

43484) = 12.588, p < .001. 

 However, the results did not confirm our second hypothesis. The effect of persuasive 

strategies on performance measured in RCS did not differ among the individuals, as indicated by 

a non-significant interaction effect of persuasive strategies and individuals on performance in the 

repeated measures ANOVA, F(1235, 39632) = .57, p = 1.00. Similarly, the effect of persuasive 

strategies on the performance measured in LISAS did not differ across individuals, as the 

interaction effect of persuasive strategies and individuals on the LISAS is also not significant 

F(1235, 43484) = .26, p = 0.61. 

Looking more in-depth to the individual responses, we do find some preliminary 

evidence for individual differences in the effects of persuasive strategies for at least some of the 

strategies. In the heatmap in Figure 2, we visualized the rankings of the effectiveness on the 

performance of the persuasive strategies. The colors represent the frequencies that a certain 

strategy was ranked at a certain position over all individuals. We see that the effectiveness of 

strategies differs a lot between individuals. For example, the strategy ‘Tunneling’ is the most 

effective for six (6.3%) individuals and the second effective for nine (9.4%) individuals, while at 

the same time it is the least effective for twelve (12.5%). However, some strategies seem to be 

generally effective or ineffective for most individuals. For example, the strategy ‘Simulation’ 

was ranked thirteenth for 27 individuals, and was ranked last for 19 individuals, while it was 

ranked first for none of the participants. In the heatmap we see that the strategies ‘Creating 

Awareness’, ‘Liking’, ‘Praise’, and ‘Similarity’ are over all the most effective strategy for more 

than ten individuals, while those strategies are the least effective for none of the individuals. 



 PERSUASION IN GAME-BASED LEARNING  25 

 

 

Figure 5 Heatmap of the strategy rankings 

 In order to test the third hypothesis, that the individual differences are stable, we divided 

the data randomly over two sets and calculated the correlation between the scores in the two sets. 

The two sets were not different from each other in terms of performance, as indicated by a 

Wilcoxon Rank Sum Test, W = 915859, p = .53. Since normality of the data was rejected with a 

Shapiro-Wilk normality test for both the first set W = .98, p < .001, and the second set, W = .96, 

p < .001.  

Then a Pearson correlation test between two random sets of the data was conducted to 

test the stability of the data. Results showed that participants with high performance measured in 

RCS in the first set, also had high performance measured in RCS in the second set, as indicated 
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by a moderate positive correlation r(1342) = 0.47, p < .001. Also, the performance measured in 

LISAS of a student in the first set is significantly correlated with the LISAS in the second set 

r(1342) = 0.52, p < .001. The correlation between the performance of the two sets was also 

calculated within the strategies, these results are presented in Table 4. The p-values in Table 4 

are corrected for multiple testing with the Bonferroni correction.  Within all strategies the 

correlation was significant, but the correlations differed in strength. The correlation between the 

two sets is visualized in scatterplots for each of the strategies in Appendix A and B. 

Table 4 Pearson correlation coefficients and significance values for all strategies 

Strategy RCS LISAS 

Correlation Significance Correlation Significance 

Choice r(94) = 0.40 p < .001 r(94) = 0.56 p < .001 

Creating 

awareness 

r(94) = 0.26 p = .009 r(94) = 0.50 p < .001 

Liking r(94) = 0.39 p < .001 r(94) = 0.32 p = .001 

Praise r(94) = 0.51 p < .001 r(94) = 0.59 p < .001 

Provide optimal 

challenge 

r(94) = 0.32 p = .001 r(94) = 0.57 p < .001 

Reduction r(94) = 0.56 p < .001 r(94) = 0.69 p < .001 

Rehearsal r(94) = 0.37 p < .001 r(94) = 0.48 p < .001 

Rewards r(94) = 0.60 p < .001 r(94) = 0.54 p < .001 

Self-monitoring r(94) = 0.34 p = .001 r(94) = 0.50 p < .001 

Similarity r(94) = 0.45 p < .001 r(94) = 0.46 p < .001 

Simulation r(94) = 0.36 p < .001 r(94) = 0.44 p < .001 

Social Role r(94) = 0.44 p < .001 r(94) = 0.49 p < .001 

Tailoring r(94) = 0.51 p < .001 r(94) = 0.51 p < .001 

Tunneling r(94) = 0.48 p < .001 r(94) = 0.38 p < .001 

Overall r(1342) = 0.47 p < .001 r(1342) = 0.52 p < .001 
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3.3 Exploratory Results. The effect of persuasive strategies on performance is further 

analyzed with post hoc tests. The performance in the minigames which employed the persuasive 

strategies ‘rewards’, ‘simulation’, and ‘self-monitoring’ were significantly higher than all other 

strategies except for ‘reduction’. The strategies were compared using non-parametric pairwise 

Mann-Whitney U-tests since the data was not normally distributed within the strategies. 

Bonferroni correction was applied to correct for multiple testing. In Figure 6 the means of the 

Rate Correct Score within the persuasive strategies are shown 

 

Figure 6 Means and Standard Errors of Performance (RCS) within Persuasive Strategies 

 Similar effects were found in the comparison of the Linear Integrated Speed-Accuracy 

Scores between the persuasive strategies. Note that the lower a Linear Integrated Speed-

Accuracy Score, the higher the performance is. So, performance is also highest for the strategies 

‘rewards’, ‘simulation’, and ‘self-monitoring’ when the performance is measured with the Linear 

Integrated Speed-Accuracy Scores. The means and the standard errors of the Linear Integrated 

Speed-Accuracy Scores within each persuasive strategy are shown in Figure 7. 
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Figure 7 Means and Standard Errors for Performance (LISAS) within Persuasive Strategies 

 Additionally, the performance of the students was compared in a broader sense, to define 

the eminent needs that caused the sensibility to the persuasive strategies. Results showed that 

performances differed among games with persuasive strategies from the different categories, as 

indicated by a Kruskal Wallis test, H(6) = 31.15, p < 0.001. 

 

Figure 8 Means and Standard Errors of Performance (RCS) across Categories 
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The mean performances in Rate Accuracy Scores over the categories with the 

corresponding standard errors are visualized in Figure 8. Post-hoc testing showed that the 

students performed better when in games primary task support was offered to them or feelings of 

competence were evoked, compared to persuasion through liking or the expression of autonomy, 

as indicated by Mann-Whitney U pairwise comparisons. 

Finally, further analyses on the stability of responses to persuasive strategies provided 

contradictory results with the results provided by the Pearson correlation tests, which stated that 

higher performance in the first set, predicted higher performance in the second set. The 

persuasive strategies were ranked from strongest to weakest for every participant in both sets. 

Then the relationship between the rankings in the two sets was tested with Spearman’s rank 

correlation test. However, no relationship was found between the rankings in the two sets, 

rs(1342) = -0.05, p = 0.08. This indicates that the effectiveness of persuasive strategies relative to 

each other is not constant, e.g. when a strategy is the most effective for a participant in the first 

set, this does not provide any information about the effectiveness of this strategy compared to the 

other strategies in the second set. 

4. Discussion 

Disclaimer: Due to the outbreak of Covid-19 during spring 2020, the results of our study are 

partly based on fictive data. The persuasive strategies could not be identified and were therefore 

randomly divided over the minigames. Because of this we will not further try to interpret the 

results and connect our findings to the current literature in the discussion, but rather describe 

what our research could have added to the current literature and design methods and define 

further steps for research towards personalized game-based environments. 
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In this study, we investigated whether persuasive strategies in game-based learning are 

suitable for personalization to the player to increase the player’s performance. The answer to this 

question was divided into three parts. The first step was to find out whether persuasive strategies 

can indeed influence the performance of students. This is essential to reach the goal of increasing 

the performance of students. The next step was to determine whether the effects of persuasive 

strategies on the performance of users differ among the individuals because personalization is 

only useful when this is the case. When responses to persuasive strategies among users would 

have been found to be approximately equal, there would be one optimal solution that fits for all 

players and research should focus on finding this optimal solution instead of finding ways for 

personalization. Finally, the last step was to test for stability of the effects of persuasive 

strategies on performance and find out whether the responses of individuals stay stable over time 

and context, i.e. different games, different domains, and different levels of difficulty of the 

games. This information provides insight into how personalization should be conceptualized in 

game-based learning environments. However, due to the outbreak of Covid-19 in the spring of 

2020, we were not able to answer these research questions ourselves. Nonetheless, we were able 

to further analyze and answer questions based on existing literature. 

Answering the aforementioned questions would just have been the first step towards a 

personalized game-based learning environment in terms of persuasion. When we know that 

persuasive strategies are suitable for personalization to increase the performance of students, a 

new set of questions arises to determine how the personalization should be implemented. For 

example, we need to know which factors influence the susceptibility to persuasive strategies and 

how these variables influence the susceptibility for the different strategies. Moreover, we need to 

know how these factors should be assessed, to be able to act on these. Research in other domains 
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can be used as a guideline for further research on these topics. However, it cannot be assumed 

that research findings in other research domains can be directly translated to the specific research 

domain of persuasion in game-based learning environments. 

In order to define the factors that influence the susceptibility to persuasive strategies, 

research should start from a holistic view and consider both dispositional (or internal) factors and 

situational (or external) factors. Dispositional factors are individual characteristics that influence 

the behavior and actions in a person, whereas situational factors are influences that do not occur 

from within the individual but from elsewhere like the environment and others around you. 

Dispositional characteristics of learners can be divided into four categories, personal, 

academic, social or emotional, and cognitive characteristics (Drachsler, 2012). Personal 

characteristics relate to demographic information of a learner, such as age, gender, cultural 

background, and level of maturation. Academic characteristics are related to education and 

learning, for example learning goals, prior knowledge, and educational type, and level. Social or 

emotional characteristics relate to the place of an individual within a group, the sociability, 

mood, and feelings of an individual. Finally, cognitive characteristics relate to the intellectual 

skills of an individual, such as attention span, memory, and mental procedures. 

Earlier research to persuasive technologies concluded that personal characteristics of 

individuals, such as age (Abdullahi et al., 2018; Orji et al., 2015; Shih & Jheng, 2017) and 

gender (Abdullahi et al., 2018; Orji et al., 2015) influence the perception of persuasive strategies 

significantly. It was found that females are more responsive to persuasive strategies than males 

in general (Orji et al., 2015), but also that some strategies work better for men, while others do 

for women and that responses to persuasion differ among age groups (Abdullahi et al., 2018; Orji 

et al., 2015; Shih & Jheng, 2017). For the emotional characteristics, we know that mood has a 
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significant influence on the responsiveness to persuasive strategies (Axelrod, 1963). Axelrod 

(1963) showed that induced changes in moods of the subjects resulted in significant changes in 

their perceptions of products. However, to the best of our knowledge, the relationship between 

academic and cognitive characteristics and responsiveness to persuasion has not been 

investigated. 

Also, relations between situational factors and the perception of persuasion have been 

derived from earlier research. For example, group pressure can cause different perceptions in 

individuals, compared to when they are confronted with the same stimuli in private (Asch, 1956). 

Additionally, factors such as task or activity, place and physical surroundings, and system 

maintenance were listed as situational factors influencing the perceptions of interpersonal 

persuasion in a meta-analysis in the field of consumer behavior (Lutz & Kakkar, 1976). 

Further research should investigate these factors and measure their effects on 

performance in game-based learning. This information then leads to the opportunity to compose 

detailed persuasion profiles, that are adjusted to each user specifically. Customized persuasion 

profiles can be more effective in changing attitudes, intentions, and self-efficacy, compared to a 

general persuasion profile (Orji et al., 2017). Another challenge then still lies in the measurement 

of these characteristics. Orji et al. (2017) based the persuasion profiles on information retrieved 

from a questionnaire that determined the player type of the participants. The use of explicit 

measures, like Orji et al (2017) did, is called explicit profiling or explicit personalization 

(Kaptein et al., 2015). Behavior could also be implicitly measured within the game, which is 

called implicit profiling or implicit personalization (Kaptein et al., 2015). In consumer behavior, 

both implicit and explicit personalization of persuasive strategies have been implemented 

successfully (Kaptein et al., 2015). 
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In persuasive design patterns the stages that designers should go through when designing 

a persuasive technology are described (Bishop, 2005; Oinas-Kukkonen & Harjumaa, 2009). In 

the persuasive design patterns of both Bishop (2005) and Oinas-Kukkonen & Harjumaa (2009) 

the analysis of the problem domain and the use context is seen as an important issue in 

persuasive system design, while the investigation of relevant dispositional factors is not included 

in existing persuasive design models (Bishop, 2005; Oinas-Kukkonen & Harjumaa, 2009). So, 

for the design of game-based learning environments and other persuasive technologies, the 

investigation of relevant dispositional factors of users could lead to an additional stage in the 

design patterns.   

4.1 Ethical Considerations. However, creators of a learning environment should always 

keep in mind that persuasive strategies in games can be quite powerful (Bogost, 2007) and that 

these strategies are implemented to influence the behavior of their users. Additionally, creators 

should know that the users often do not realize they are being persuaded and therefore are not 

able to arm themselves against persuasive strategies (Berdichevsky & Neunschwander, 1999). 

The persuasion strategies and the target behavior of the system are determined by the creators 

and are therefore dependent on their values and users should trust developers on their moral 

standards. Persuasive strategies can be used to induce good learning behavior in students, 

however, in the wrong hands, it can also disturb the learning experience of the players or even 

worse. The use of persuasive strategies in game-based learning should therefore be considered 

cautiously, to avoid changing the behavior of a user negatively. Furthermore, the disclosing the 

motivations, methods, and intentions of the creators, could help to make the users aware of the 

persuasion in the system and create a more ethical environment (Berdichevsky & 

Neunschwander, 1999). 
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Another design consideration is the decrease of critical thinking and emancipation in 

learning that can co-occur in persuasion in education (Hynd, 2001). The persuasive effects of 

game-based learning environments should therefore always be evaluated carefully. As stated by 

the elaboration-likelihood model (Petty & Cacioppo, 1986), persuasion can lead to two types of 

information processing. Persuasive messages can be processed either through the central route 

with careful and thoughtful consideration or more superficially through the peripheral route 

(Petty & Cacioppo, 1986). Persuasive strategies in learning environments should always aim for 

thorough processing of the information, in order to reach enduring and resistant behavior. 

Finally, the privacy of the user should be considered. The more information is known 

about the players, the more information is available to base the personalization of the persuasive 

strategies on. We know for example that persuasive strategies can be personalized based on the 

demographic information of a player (Abdullahi et al., 2018; Orji et al., 2015; Shih & Jheng, 

2017) or some other characteristics like gamer type and environmental awareness (Shih & Jheng, 

2017; Orji et al., 2014; 2017) and new insights can lead to the wish of collecting even more data. 

The collection of more data of a user leads to more opportunities for personalization and could 

seem beneficial, however, this could also harm the privacy of the user. Another method could be 

to personalize a learning environment based on a player’s behavior in the game, without the 

further explicit collection of information about a player (Hsieh et al., 2016; Kausar et al., 2018). 

4.2 Limitations of our Study. With the data analysis on the game logs of the game-

based learning environment ‘Can’t Wait to Learn’ we tried to measure the usefulness of the 

personalization of persuasive strategies to the user. However the data about our participants was 

very limited, for example, we did not have any demographical information like gender or age 

and we did not know anything about the preferences of the user. The sensitivity to the persuasive 
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strategies was only indirectly measured by the change in performance. Therefore we could solely 

base the sensitivity to the persuasive strategies on the performance of the user. In this way, data 

needs to be collected first while users already engage in a learning environment, before it can be 

personalized to their sensitivity to persuasive strategies. While personalization based on 

demographic information can be implemented right from the start. 

We were also limited in the interpretation of the effectiveness of the persuasive strategies. 

We could compare the influences of the persuasive strategies on performance with each other 

and we observed some differences in the effectiveness of the strategies, but the game did not 

allow us to compare the effects of the strategies to a control condition, since all minigames 

carried out at least one persuasive strategy. This means that we do not know whether the 

influence of the strategies is positive or negative compared to a game that does not employ any 

persuasive strategies. 

4.3 Future Research Ideas. Identifying the barriers and limitations in our research, lead 

to some ideas for future research. Firstly, there does not seem to be a complete framework of 

persuasive strategies in games yet. In the current research, we combined persuasive strategies 

from different frameworks to obtain a complete list of strategies that applied to the investigated 

game. A complete framework that is generally accepted by researchers would be useful, since the 

use of the same framework in research would lead to coherence between research, and also 

allows for comparability between research findings. 

Besides the persuasive strategies in a game, more game features seem promising to 

personalize to the player to enhance the player’s experience in a gamified learning environment. 

For example, the design or narrative in the game could be personalized to the preferences of a 

user, it might captivate the users more when the narrative and design fit their interests. Another 
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characteristic of the user that could be used for the personalization of a learning environment is 

the learning style of a student. Some students prefer to receive their learning materials aurally, 

while other students prefer visual learning materials. Some students prefer social learning, while 

others prefer solitary learning (Pasina et al., 2019). A game could be designed to fit with those 

preferences. However, these ideas should be investigated by research first. 

In the current paper, we provided a research design for the investigation of the suitability 

for personalization of persuasive strategies to increase the performance of students in a game-

based learning environment and presented directions for future research towards the 

personalization of persuasion in game-based learning environments. The research design could 

not be fully performed, but still, the research design is ready to be executed. By investigating 

persuasion in learning environments, new ways can be found to increase student engagement, 

and solutions can be found to the ubiquitous struggle of educators to motivate their students. 
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