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Abstract 
 

This study explores the impact of gamification on intrinsic motivation, user 

engagement, and perceived competence in R programming learning. Programming is 

an increasingly demanded skill, but it is often seen as challenging, tedious, and 

overwhelming. Recognising the challenges often associated with programming 

education, this research hypothesises that integrating game elements into 

programming education can enhance learners’ intrinsic motivation, engagement, and 

perceived competence, making learning more effective and enjoyable. A quasi-

experimental design was used, comparing a gamified learning course, including 

elements such as avatars, points, and badges, with a non-gamified course. These 

gamification elements were designed to fulfil the autonomy, competence, and 

relatedness needs outlined in the Self-Determination Theory. The analysis involved 

comparing the conditions in terms of learners’ motivation, engagement, and 

perceived competence. The findings indicate that the gamified method significantly 

improved perceived competence and autonomy, while it did not have a statistically 

significant effect on the need for relatedness. The scores for intrinsic motivation and 

user engagement were higher in the gamified group. These results suggest that 

gamification can significantly enhance programming learning experiences, even if not 

all psychological needs are met. This study highlights the potential of gamification in 

educational settings and offers valuable insights for educators and instructional 

designers. It also suggests directions for future research in this area. 

Keywords: Gamification, R Programming, Intrinsic Motivation, User 

Engagement, Perceived Competence, Self-Determination Theory 
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1. Introduction 
 

The demand for data skills has grown notably in recent years, a trend largely 

accelerated by the global pandemic and an increased focus on data literacy. This 

era, characterised by rapid digitalisation in various industries, generates large 

volumes of data (Datacamp, 2023). However, there is a noticeable skills gap 

alongside this stream of data production. Many individuals lack the necessary skills 

and mindset to fully use the potential of this data, highlighting a disconnect between 

data availability and data utilisation. 

The data science sector heavily relies on programming languages like R and 

Python, highlighting their importance in a data-centric world (Giorgi et al., 2022; 

Nandi & Sharma, 2020; Raschka et al., 2020). Programming is becoming 

increasingly recognised as a basic 21st-century skill, often referred to as the modern 

era’s literacy (Papavlasopoulou et al., 2018). This skill set extends beyond traditional 

IT roles to a variety of industries, ranging from basic data principles to more 

complicated coding and non-coding tools. Recognising the increasing importance, 

many professions seek individuals with these abilities (Datacamp, 2023; Nouri et al., 

2020). Despite this growing acknowledgement, there is still a significant skills gap in 

data literacy within the workforce, as recently reported by Datacamp (2023). This gap 

highlights the need for individuals equipped with the necessary programming skills. 

Learning programming involves both technical tools and problem-solving skills. 

However, several challenges hinder the effective learning of these skills. Recent 

research by Maryono et al. (2022) identifies three primary challenges. Firstly, many 

learners lack intrinsic motivation, finding programming irrelevant to their academic or 

career goals (O’Brien et al., 2022). If learners do not establish a personal connection 

or develop a sense of curiosity about the subject matter, they become disengaged, 

making it difficult for learners to invest the required time and effort for effective 

learning (O’Brien et al., 2022). Secondly, learning is often perceived as tedious and 

overwhelming. The multifaceted nature of programming, including coding, problem-

solving, and complex concept comprehension, can be daunting, especially for 

novices (Derus & Ali, 2012; Maryono et al., 2022; Mingoc & Sala, 2019). This 

perceived complexity can lead to frustration, disengagement, and decreased 

motivation. Lastly, learners often believe programming is difficult and exclusively for 
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experts (Derus & Ali, 2012; Maryono et al., 2022). This thinking creates a 

psychological barrier that prevents many from attempting, driven by fear of failure 

and anticipation of struggling. 

To overcome these challenges, it is essential to help individuals acquire 

problem-solving and programming skills in a motivating way. Gamification, the 

integration of game elements into a non-game context, offers a promising solution to 

renew the learning experience (Deterding et al., 2011; Zhan et al., 2022). While game 

elements like points, badges, and leaderboards are effective motivators for 

engagement progression and feedback (Deterding et al., 2011; Dichev & Dicheva, 

2017; Sailer et al., 2017; Seaborn & Fels, 2015; Werbach & Hunter, 2012; Zhan et 

al., 2022), gamification is more than simply including game elements to existing 

materials (Lee & Hammer, 2011; Werbach, 2014). It involves understanding the 

"building blocks", known as game elements, and their strategic use to achieve 

specific educational goals. Using game elements, gamification can potentially 

address the challenges learners face in the learning process. Learners can be 

motivated through intrinsic and external rewards, leading to active participation and 

mastery (Deci & Ryan, 2006; Thompson et al., 1993; Werbach & Hunter, 2012). This 

approach not only makes learning programming more engaging and motivating but 

also helps with concept retention, competence building and offering a risk-free 

learning environment for experimentation and learning, reducing the fear of failure 

(Chang et al., 2020; Gee, 2008; Lee & Hammer, 2011; Ortiz et al., 2017; Werbach & 

Hunter, 2012; Zhan et al., 2022).  

This study addresses a common issue in the literature, where many studies 

lack a solid theoretical foundation for their gamification approaches (Seaborn & Fels, 

2015). This study aims to bridge this gap by examining the impact of gamification on 

the concepts of motivation, engagement, and perceived competence in the context of 

programming education, specifically concentrating on R programming, and aligning 

these investigations with the principles of Self-Determination Theory (SDT). 

Integrating gamification into R programming education presents a promising 

approach to address disinterest, complexity, and perceived difficulty. Successfully 

addressing the challenges in learning to program can open possibilities for more 

accessible and effective R programming education. 
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1.1 Rationale for the Focus on R Programming 
 

The decision to focus on R programming as the primary language is based on 

practical considerations that align with the educational context at the University of 

Twente. At the University of Twente, the shift from using SPSS to R programming 

signifies a transition from a menu-driven interface towards a programming-based 

approach in statistical analysis. While SPSS allowed for data manipulation, statistical 

analyses, and data visualisation through a more guided, menu-driven process, R 

programming requires these tasks to be conducted though coding. This not only is 

meant to enhance the understanding of statistical concepts through a more hands-

on, coding-centric approach, but also develops basic proficiency in coding, which is a 

skill increasingly valued in the data science field. 

The program-based method offered by R aligns with the evolving demands of 

the data science field: R is well-known for its flexibility, extensive libraries, and open-

source nature (Datacamp, 2023). This study's emphasis in R programming, 

therefore, responds practically to the changes in the university's curriculum and 

strategically aligns with the current trends in data science and programming 

education. 

Therefore, this study aims to explore how gamification impacts learners’ 

intrinsic motivation, engagement, and perceived competence within this new 

educational context. Focusing on R programming, it seeks to understand the 

potential of gamification as an educational tool to address the challenges of learning 

a new programming language, especially one that necessitates a more active 

engagement with coding and data analysis techniques.  
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2. Theoretical Framework 
 

2.1 Gamification in Programming Education 
 

The acquisition of programming skills is a multifaceted process, presenting 

various challenges that affect learners’ motivation, engagement, and perceived 

competence (Maryono et al., 2022; Derus & Ali, 2012). Mastering programming 

requires individuals to actively engage in writing and testing programs. One of the 

most effective approaches lies in hands-on projects and real-world applications that 

provide immediate feedback (Belmar, 2023; Boyle et al., 2011; Polito & Temperini, 

2021). Such practices enable learners to address a multitude of programming 

problems, enhancing their knowledge through practical experience. Encouraging. 

Learners to be persistent in their practice necessitates implementing innovative 

methods (Zhan et al., 2022). Gamification emerges as a promising solution to assist 

individuals in overcoming the initial learning. Its appeal lies in its ability to captivate 

learner’s interest, sustain their motivation and engagement throughout the learning 

process, and ultimately improve their learning experiences (Werbach & Hunter, 

2012). This idea is consistent with the commonly used definition proposed by 

Deterding et al. (2011), which defines gamification as “the use of game elements in 

non-game contexts” (p. 9). The strategic incorporation of game elements into learning 

environments has been shown to improve performance (Zhan et al., 2022), 

participation (Rojas-López, 2019), engagement (Legaki et al., 2012; Rojas-López, 

2019), and motivation (Khaleel et al., 2017; Seaborn & Fels, 2015). 

Gamification’s value in education aligns with our intrinsic drive for 

achievement, competition, and rewards, encouraging learners to take an active role 

in their learning (Alsawaier, 2018). Its primary educational aims include skill 

enhancement, motivation, learner engagement, and fostering behavioural change 

(Dichev & Dicheva, 2017). Environments enriched with game elements can thus 

strongly motivate learners to engage with educational content (Ryan et al., 2006). 

Consequently, gamification has found its application in diverse domains, with this 

study focusing specifically on programming education.  

Gamification has been shown to improve programming education according to 

an increasing body of research (Chang et al., 2020; Khaleel et al., 2017; Legaki et 
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al., 2022; Rojas-López et al., 2019; Zhan et al., 2022). For instance, Zhan et al., 

(2022) provide a meta-analysis of 21 empirical studies that show the effectiveness of 

gamification strategies. To illustrate the benefits and challenges of gamification in 

programming education, several studies are reviewed.  

Legaki et al. (2020) used a challenge-based gamification strategy in statistics 

education, incorporating points, levels, challenges, and a leaderboard. Results 

showed improved learning outcomes. However, their study lacked a defined 

framework for choosing gamification elements and reporting potential engagement 

issues. Bitrián et al. (2020) caution that engagement is not automatically achieved in 

a gamification setting. The study by Legaki et al. (2020) thus emphasises the need 

for deliberate consideration of engagement in gamification research. In a similar 

context, Khaleel et al. (2017) investigated gamification at a Malaysian University with 

first-year computer science learners using a gamification website. Using the ARCS 

motivation model, they found increased learning effectiveness and motivation. Yet, 

their study's limitation was the absence of teacher training in gamification selection, 

suggesting outcomes are highly dependent on teachers' gamification understanding.  

Additionally, Chang et al. (2020) reported positive responses to 'Programming 

Adventure Land,' a gamified learning environment, but its effectiveness couldn't be 

confirmed due to the lack of a control group. Rojas-López et al. (2019) found that 

gamification using the Werbach and Hunter model improved engagement, but public 

leaderboard displays may negatively affect motivation, as learners felt uncomfortable 

with showing their results. 

Overall, research shows gamification's potential in programming education for 

motivation, engagement, academic success, and cognitive abilities. Yet, limitations 

include ignoring engagement as an independent variable and the absence of a solid 

theoretical framework (Bitrián et al., 2020; Zhan et al., 2022). This study uses a 

reliable framework and a control group inclusion for more reliable results.  
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2.1.1 Game Elements 
 

Gamification transforms the learning process by incorporating game elements, 

often called a “set of building blocks” (Deterding et al., 2011, p. 12). Among these, 

the most common are points, badges, and leaderboards, collectively known as “The 

PBL Tried” (Werbach & Hunter, 2012). These game elements serve as powerful 

motivators for enhancing motivation, engagement, progression, and feedback 

(Deterding et al., 2011; Dichev & Dicheva, 2017; Sailer et al., 2017; Seaborn & Fels, 

2015; Zhan et al., 2022). The power of games to captivate and maintain engagement 

is well known (Connolly et al., 2012), and gamification effectively transfers these 

game elements into non-game contexts, giving tasks a fresh appeal. Gamification 

uses these elements as motivational tools by integrating game elements like points, 

badges and leaderboards (Deterding et al., 2011). The process of earning rewards 

and overcoming challenges fosters a sense of accomplishment (Alsawaier, 2018). 

Gamification uses these principles to motivate users to set and achieve goals.  

Numerous studies have focused on compiling commonly used game 

elements, resulting in the identification of various components (e.g., Chou, 2015; 

Kapp, 2012; Sailer et al., 2013; Toda et al., 2019; Tondello et al., 2016; Werbach & 

Hunter, 2012). While there are similarities among these, there are also many 

differences, making it challenging to combine them into a single exhaustive list. This 

research will use the list of game elements compiled by Sailer et al. (2013; 2017). 

The emphasis is on choosing elements that directly affect the learner and have the 

potential to address engagement, motivational and competence aspects. These 

seven game elements will be further explained: 

1. Points represent progress and accomplishments in a gamified environment 

(Seaborn & Fels, 2015). They measure achievement, encouraging players to 

complete tasks and challenges (Werbach & Hunter, 2012). This feedback 

mechanism motivates learners to keep playing and actively engage with the 

task.  

2. Badges are visual symbols or icons rewarded to users for accomplishing 

specific tasks or milestones in the gamified environment (Sailer et al., 2013). 

These symbols recognise accomplishments and provide a sense of 
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completion, enhancing motivation by validating a learner's efforts (Werbach & 

Hunter, 2012). 

3. Leaderboards serve as competitive indicators, providing feedback on how a 

player performs compared to others (Sailer et al., 2013). These displays 

showcase player rankings based on defined success criteria. On one hand, 

leaderboards satisfy players' curiosity about their position among others 

(Werbach & Hunter, 2012). On the other hand, they can be potentially 

demotivating if a significant gap separates a player from the top performers, 

causing disengagement (Nicholson, 2013; Rojas-López et al., 2019; Werbach 

& Hunter, 2012).  

4. Meaningful stories refer to narratives that provide context for players’ actions 

and decisions, adding depth to the gamified experience (Deterding et al., 

2011). The narratives often draw from real-world contexts to inspire initially 

unstimulating contexts with meaning, effectively engaging and motivating 

learners. This can immerse players into the gamified environment and foster 

attachment.  

5. Avatars serve as the customisable representations of players within a 

gamified environment (Sailer et al., 2017). They provide a canvas for players 

to personalise their identity within a gamified environment, fostering a sense of 

self-expression, ownership, and connection (Turkay & Kinzer, 2016; Werbach 

& Hunter, 2012). This personalisation motivates players to connect to the 

gamified experience, often leading to increased engagement.  

6. Teammates are other players or characters in a gamified environment. 

Teammates, whether real or non-player characters, are crucial in making 

players feel acknowledged and supported (Rigby & Ryan, 2011; Uysel & 

Yildirim, 2016). Their primary objective is to promote a sense of community as 

players collectively work towards a shared goal. This sense of community and 

shared experience can significantly boost motivation and engagement as 

players obtain a feeling of belonging and support (Werbach & Hunter, 2012). 

7. Progress bars serve as a visual representation of a player’s advancement 

towards a particular goal within the gamified environment. They offer 

immediate, ongoing feedback on the player’s current status and how much 
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further they need to go to achieve their objectives (Mazarakis & Bräuer, 2020, 

Sailer et al., 2013). By visualising progress, these tools help sustain motivation 

and promote a sense of achievement as learners visually track their 

achievements and remain aware of the remaining journey towards task 

completion.  

 

2.2 Motivation and Engagement 
 

Learners' attitudes towards programming significantly impact how successful 

they are at programming (Gürer et al., 2019). A gamified approach has become 

popular in programming education since it aims to influence learners’ behaviour 

(Bassanelli et al., 2022; Werbach & Hunter, 2012). To understand the dynamics of 

effective learning, two crucial behavioural concepts must be explored: motivation and 

engagement. Collie and Martin (2019) emphasise that effective learning depends on 

high motivation and task engagement. Even though these concepts are closely 

related, it is important to recognise that they are not interchangeable. Motivation 

refers to “being moved to do something” (Ryan & Deci, 2000), whereas engagement 

is the depth of investment into a task (O’Brien, 2016). This distinction shows that 

motivation operates both before and during a task, while engagement primarily 

operates during a task (Anderman & Patrick, 2012). These concepts will be further 

conceptualised.  

Motivation is related to psychological elements that drive behaviour (Ryan & 

Deci, 2000). Research outlines two types of motivation: intrinsic motivation and 

extrinsic motivation. Intrinsic motivation originates from within and is driven by 

internal rewards such as interest and curiosity (Ryan & Deci, 2000). Intrinsic 

motivation emerges when learners find meaning and personal value in their actions. 

For example, intrinsic motivation in programming may come from a strong fascination 

with solving problems or an urge to compile innovative solutions. On the other hand, 

extrinsic motivation comes from external factors like rewards, recognition, or fear of 

punishment (Ryan & Deci, 2000). In programming, extrinsic motivation might be 

represented by the desire for a good grade or a promotion at work. High motivation, 

whether intrinsically or from external sources, shows a learner’s commitment and 
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desire to learn (Filgona et al., 2020). It emphasises that learners are active 

participants.  

Engagement provides a link between a learner’s intentions and their actual 

actions. When exploring engagement in the context of digital systems, it is often 

referred to as “user engagement” (Cairns, 2016; O’Brien et al., 2008; 2016). User 

engagement is "the process and product of people’s interactions with computer-

mediated environments”, and can be analysed during and after human-computer 

interactions (O’Brien et al., 2018, p. 22). It is a multifaceted concept consisting of 

cognitive, emotional, and behavioural aspects, each contributing significantly to the 

learning experience (Fredricks et al., 2004). Cognitive engagement refers to the 

mental processes and intellectual involvement that learners invest in a task 

(Fredricks et al., 2004; O’Brien, 2018). It reflects how learners immerse themselves in 

understanding concepts, problem-solving, and critical thinking. Emotional 

engagement relates to the feelings, attitudes, and emotions that learners associate 

with their educational journey (Fredricks et al., 2004; O’Brien. 2018). In programming, 

it might manifest as the enthusiasm for tackling challenging problems or a sense of 

accomplishment upon successfully executing a task. Behavioural engagement refers 

to observable actions and participation (Fredricks et al., 2004; O’Brien, 2018), like 

interacting with coding projects and actively seeking feedback. High engagement 

across these dimensions signifies learners’ involvement in their learning rather than 

being passive receivers of information. O’Brien et al. (2008) showed through their 

literature review that interacting with game elements creates an activity which 

promotes learning and creativity. Additionally, it promotes and fulfills the 

psychological needs necessary for participation.  

With an understanding of these concepts, it is important to investigate how 

they can be effectively supported to enhance motivation and engagement. Research 

shows three basic psychological needs that, when fulfilled, have been shown to 

increase motivation and engagement (Bitrián et al., 2021; Bull et al., 2019; Ryan & 

Deci, 2000). These basic psychological needs will be further examined in the 

following section. 
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2.2.1 Self-Determination Theory 
 

An important goal in learning is to unlock motivation and engagement to their 

full potential (Collie & Martin, 2019). This can be achieved by applying the principles 

of SDT, a psychological framework developed by Ryan and Deci in 1985, which 

explores human motivation and individual behaviour (Ryan & Deci, 2000). SDT 

appears as a fundamental framework for investigating the effectiveness of 

gamification in education but lacks evidence in practical approaches (Seaborn & 

Fels, 2015). Recent developments emphasise the connection between gamification 

and SDT's fundamental psychological needs (Sailer et al., 2017).  

SDT centres around three basic psychological needs: autonomy, competence, 

and relatedness. Autonomy refers to learners having a sense of control and choice in 

educational settings. Gamification supports this by offering varied choices and a 

sense of control over their learning experiences (Gagné & Deci, 2005; Sailer et al., 

2017). Competence, the feeling of being skilled and effective in one's actions, is 

enhanced in gamified environments. These environments allow learners to build their 

skills and confidence progressively, improving their sense of competence (Gagné & 

Deci, 2005). Relatedness, the need for connection and belonging, is fostered through 

gamification strategies that encourage collaborative or competitive learning 

experiences. This promotes interaction among learners, thereby strengthening their 

sense of belonging and connection (Sailer et al., 2017). 

When these needs of autonomy, competence, and relatedness are met, 

learners are more likely to internalise external sources of motivation and 

engagement. This leads to a greater inclination to engage with learning material 

(Bitrián et al., 2021; Rutledge et al., 2018; Ryan et al., 2006). Enhancing learner 

motivation and engagement thus requires aligning the educational environment with 

the principles of SDT (Ryan & Deci, 2020). By adjusting the learning experience to 

these principles, gamification becomes a more effective tool in facilitating the learning 

of R programming. 

Building on this concept, gamification serves as a tool to help learners 

internalise motivation by aligning with the core psychological needs outlined by SDT 

(Rutledge et al., 2018). These needs can be effectively satisfied through strategic 

implementation of gamification elements, driving learner motivation and engagement. 
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When effectively implemented, gamification SDT works well together to increase 

motivation and engagement in learning (Bassanelli et al., 2022). Gamification helps 

to establish a learning experience where motivation and engagement can be 

internalised by successfully meeting learners' needs for autonomy, relatedness, and 

competence (Bitrián et al., 2021; Rutledge et al., 2018; Ryan et al., 2006). This 

interaction enables learners to start and sustain their educational goals, resulting in 

lasting learning experiences. The integration of game elements with SDT will be 

explored in the next section, laying the foundation for creating a learning experience 

in which motivation and engagement can be internalised. 

 

2.3 Connecting Game Elements to SDT  
 

This study aimed to investigate how gamification can influence learners’ 

intrinsic motivation, user engagement and perceived competence in learning R 

programming. To create a condition to motivate and engage learners, the basic 

psychological needs of autonomy, competence, and relatedness must be 

encouraged (Bitrián et al., 2021; Bull et al., 2019; Ryan & Deci, 2000). Game 

elements emerge as effective instruments for enhancing learners’ sense of 

autonomy, competence, and relatedness when aligned with SDT (Rutledge et al., 

2018). However, gamification is more than merely adding game elements to already-

existing learning resources (Lee & Hammer, 2011; Werbach, 2014). It represents a 

strategic approach by taking advantage of the effects of specific game elements to 

engage and motivate users. To effectively use gamification, choosing game elements 

that satisfy basic psychological needs is important. The game elements discussed in 

section 2.1.1 are used as a foundational basis for demonstrating how they can 

support the needs.  

Supporting the need for autonomy. To support the sense of autonomy, for 

both task meaningfulness and decision freedom, two game elements stand out: 

meaningful story and avatars (Sailer et al., 2017). A meaningful story in a gamified 

experience offers players choices, that make their actions feel significant and 

providing a sense of ownership over their in-game decisions (Chang et al., 2020). 

Even when a player’s choices may be limited within a story, the stories can give the 
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user's actions meaning and a sense of task meaningfulness (Werbach & Hunter, 

2012). Avatars contribute to autonomy by offering decision freedom. As 

demonstrated by Rojas-López et al. (2019), avatars allow players to personalise their 

in-game personas, giving them autonomy and individuality in the process. 

Supporting the need for competence. Feedback has been shown to play a 

significant role in improving someone's perception of their competence (Deci & 

Vansteenkiste, 2004; Ryan et al., 2006). This feedback can be given through points, 

badges, leaderboards, and progress bars showing learners’ performance and 

progress. Sailer et al. (2017) show that these elements significantly enhance players' 

sense of competence by offering clear, measurable indicators of achievement and 

skill development. Points and badges acknowledge accomplishments, leaderboards 

enable players to compare their performance with others, and progress bars visually 

display progress over time (Mazarakis & Bräuer, 2020, Sailer et al., 2017; Seaborn & 

Fels, 2015; Werbach & Hunter, 2012). Each of these elements helps to reinforce 

players’ competence and drive to succeed in the gamified experience. Results of the 

previous examined studies (Chang et al., 2020; Khaleel et al., 2017; Legaki et al., 

2020; Rojas-López et al., 2019; Zhan et al., 2022) supports this claim by their positive 

results. 

Supporting the need for relatedness. Within a gamified experience, learners 

tend to look for social connections and a sense of belonging (Bitrián et al., 2021). 

Meaningful stories and teammates can play a role in addressing this need. Chang et 

al. (2020) demonstrate that meaningful stories foster emotional connections with the 

gamified world, creating a sense of relatedness. Additionally, the presence of 

teammates, whether actual players or non-player characters, can increase the sense 

of relatedness. This is achieved by highlighting the significance of each player's 

contributions to the team's success and a shared goal (Rigby & Ryan, 2011; Uysel & 

Yildirim, 2016).  

Designers can strategically use these elements, points, badges, leaderboards, 

progress bars, meaningful stories, teammates, and avatars, to create a balanced 

gamified experience that fulfils players' basic psychological needs. By doing so, 

learning experiences can become more than just fun; they can offer rewarding and 

engaging experiences that keep players coming back for more (Sailer et al., 2017). 
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2.4 Research Question 
 

In this study, the primary objective was to assess the effectiveness of 

gamification in enhancing motivation and engagement within the context of 

programming education. To guide the research, the following research question is 

formulated: Does the implementation of gamification into programming education 

enhance learners’ intrinsic motivation, user engagement and perceived competence? 

In accordance with the theoretical framework, it is anticipated that the inclusion 

of game elements tailored to meet the needs for autonomy, competence, and 

relatedness will yield positive impacts on both intrinsic motivation and user 

engagement. As a result, the following hypotheses are formulated:  

Hypothesis 1 (H1): Learners in the gamified group will report a higher level of 

experienced autonomy (decision freedom and task meaningfulness), competence 

and relatedness compared to learners in the non-gamified group. 

Hypothesis 2 (H2): The implementation of gamification in programming 

education will lead to a significant increase in learners' intrinsic motivation compared 

to a non-gamified learning environment. 

Hypothesis 3 (H3): The implementation of gamification in programming 

education will lead to a significant increase in learners' perceived competence 

compared to a non-gamified learning environment. 

Hypothesis 4 (H4): The implementation of gamification in programming 

education will lead to a significant increase in user engagement compared to a non-

gamified learning environment. 
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3. Method 
 

3.1 Research Design 
 

This study utilised a quasi-experimental approach, which includes two 

conditions: a gamified e-learning course (experimental group) and a non-gamified e-

learning course (control group). The programming language used across both 

conditions is R. The objective is to assess the impact of gamification on learners’ 

intrinsic motivation, engagement, and perceived competence in programming 

education.  

Participants were subjected to a pre-test, an intervention and a post-test. The 

intervention required participants to complete their respective condition, either 

gamified or non-gamified, with each condition covering the same content and being 

of the same length to ensure comparability. Data on intrinsic motivation, user 

engagement, and perceived competence was collected through self-report surveys. 

The Intrinsic Motivation Inventory (IMI) was used to measure intrinsic motivation and 

perceived competence in both the pre-test and post-test. Furthermore, the User 

Engagement Scale Short Form (UES-SF) was utilised post-intervention to evaluate 

user engagement. This approach to data collection aimed to provide a 

comprehensive analysis of the impact of gamification on these three constructs within 

the learning process of programming. 

 

3.2 Participants 
 

Participants for this study were recruited from the University of Twente (UT). 

The recruitment strategy involved the distribution of flyers across the UT campus, 

using social media channels specifically targeted at UT students, and using the UT’s 

SONA system, which provided 1 SONA credit as an incentive. The inclusion criteria 

were twofold. First, participants were required to have a basic understanding of R 

programming. Operationally, this meant they should have downloaded RStudio, 

acquainted themselves with its interface, and attempted some basic coding 

exercises. This requirement was to ensure that all participants had a practical 

familiarity with RStudio, enabling them to navigate the software and understand the 
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basic coding environment, without needing advanced proficiency. Second, all 

participants needed to be at least 18 years of age. For the study, participants were 

randomly assigned to either the experimental group, which engaged with the 

gamified learning intervention, or the control group, which experienced a traditional 

non-gamified learning intervention.  

In line with Cohen's (1990) guidelines, which recommend a sample size 

capable of detecting a medium to large effect with 80% power, the recruitment target 

was set at a minimum of 60 participants. Ultimately, this study included 51 

participants, consisting of 32 females and 19 males, with ages ranging from 18 to 35 

(M = 22.43, SD = 3.36). All participants in the study reported having prior experience 

with the R programming language, meeting the prerequisite of basic programming 

skills. Among them, a majority of 39 participants identified themselves as beginners 

in R programming. Another 11 participants identified their skills as intermediate, and 

one participant reported an advanced level of proficiency. The gamified group 

consisted of 26 individuals (16 females, 10 males, M = 22.42, SD = 3.77), and the 

non-gamified group consisted of 25 individuals (16 females, 9 males, M = 22.44, SD 

= 3.00). 

 

3.3 Materials 

3.3.1 Instruments 
 

This study examined the impact of gamification on intrinsic motivation, user 

engagement, and perceived competence by comparing two learning conditions: a 

gamified condition and a non-gamified condition. Both conditions used the content of 

the course 'Introduction to the Tidyverse' from Datacamp’. This course was selected 

because it allows learners to acquire data manipulation skills. Participants engage in 

filtering, sorting, and summarising real historical country data to answer exploratory 

questions in R. Furthermore, they learn to transform processed data into informative 

visualisations using the ggplot2 package. As previously highlighted by Mingoc & Sala 

(2019), learning to program is a multifaceted skill set that can be particularly 

challenging for learners, especially for those with limited exposure to coding or 

computational thinking (Butler & Morgan, 2007). This module serves as an ideal 



 

 18 

introduction, as it introduces learners to various skills, including problem-solving, 

coding, and comprehending complex and abstract concepts.  

The courses were developed to maintain identical instructional content while 

differing in delivery and interaction style. The design process included an iterative 

development of the e-learning modules, including a prototype, a base version and the 

final version. Each phase was followed by an evaluation through small groups of 

participants who did a walkthrough and gave feedback. This approach was chosen to 

allow modifications in the concept and specification in the learning environment. The 

final versions were implemented in the custom e-learning platform EdApp. 

Eventually, the courses consisted of 4 modules, each designed to be comleted in 

approximately 10 minutes. Participants were encouraged but not required to 

complete all modules to proceed to the post-test. They were required to at least finish 

the first module to be able to fill in the post-test, to make sure participants had 

sufficient exposure to the intervention and to be able to answer the post-test 

questions. An end button (Figure 2) became available after the first module, so 

participants could end their participation by choice and continue to the post-test.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Time Indication in the Gamified Course            Figure 2: End Button 
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Gamified Learning Condition. Various game elements were used to address 

the psychological needs of autonomy (decision freedom and task meaningfulness), 

competence, and relatedness, as recommended by researchers (Bitrián et al., 2021; 

Rutledge et al., 2018; Ryan et al., 2006). Users had the freedom to choose avatars, 

and a meaningful story was incorporated to enhance the task meaningfulness 

(Chang et al., 2020; Rojas-López et al., 2019; Sailer et al., 2017; Werbach & Hunter, 

2012).  To address the need of competence, continuous feedback was provided 

through points, badges, and a progress bar. While a leaderboard was considered 

(See section 2.4), they were ultimately excluded due to their dual role in providing 

feedback and promoting competition (Nicholson, 2014). Leaderboards can motivate 

those as the top but demotivate those at the bottom, as demonstrated by Nicholson 

(2013) in a classroom setting. Given that feedback is the most important factor in 

supporting competence (Deci & Vansteenkiste, 2014; Ryat et al., 2006), this study 

focuses exclusively on the feedback elements provided by points, badges and a 

progress bar. Lastly, the gamified learning environment encouraged social 

connection and a sense of belonging by integrating a meaningful story and 

introducing a non-player character (NPC) as a teammate (Chang et al., 2020; Rigby 

& Ryan, 2011; Uysel & Yildirim, 2016). Moreover, it has been emphasised that 

investigating the basic aspects of game elements is important, where each can be 

modified independently (Bedwell et al., 2012; Khaleel et al., 2017; Sailer et al., 2017). 

An overview of the game elements used in this study is shown in Table 1.  

Table 1 

Overview of the game elements used in this study adapted from Sailer et al. (2013; 

2017) 

Psychological Need	 Function	 Game Element	

Autonomy	 Task meaningfulness	 Meaningful story	

Autonomy	 Decision freedom	 Avatar	

Competence	 Feedback	 Progress bar	

Competence	 Feedback	 Points	

Competence	 Feedback	 Badges	

Relatedness	 Providing a significant role	 Meaningful Story	

Relatedness	 Feelings of connectedness	 Teammates	
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The following paragraphs provides an overview of the practical application of 

game elements within the gamified environment, highlighting their implementation 

and the rationale.  

Meaningful Storyline – Task Meaningfulness & Relatedness. Upon 

entering the gamified environment, participants are introduced to the main storyline 

and game goals. This introduction, delivered by the fictional character Professor 

Datawell, sets the scene and clarifies the participant's role in the learning journey. 

The storyline is created to engage learners and provide context for the tasks ahead. 

Figure 4 presents a few print screens of this introduction.  

 

Figure 4: Print screen of the Meaningful Story Implementation 
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Avatar – Decision Freedom. Following the storyline introduction, Professor 

Datawell invites participants to create their personal avatars, offering choices 

in appearance. It is believed that avatars increase player arousal and intrinsic 

motivation (Turkay & Kinzer, 2016; Werbach & Hunter, 2012). Figure 5 shows 

the avatar selection interface.  

 

Figure 5: Print screen of Avatar Selection Interface 

Feedback Mechanisms - Competence. As participants engage with the 

learning content, they encounter various hands-on tasks that allow them to 

earn points and badges (Figure 6). A constantly visible progress bar keeps 

them informed of their progress through the course (Figure 7). This system of 

continuous feedback aims to fulfil the learners' need for competence and 

achievement. Figure 3 shows the progress bar, while Figures 8 and 9 display 

the interfaces for points and badges, respectively. 
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Figure 6: Print screen of the Course Content for the ‘Filter verb’  – Gamified Condition 

 

Figure 7: Print screen of Progress Bar Implementation (Blue bar) 
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Figure 8: Print screen of Points Implementation 

 

 

 

 

 

 

 

 

 

Figure 9: Print screen of Badges Implementation 
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Teammates - Relatedness. Throughout the learning experience, participants 

interacted with Professor Datawell, an NPC who plays a role in guiding the 

learners. Professor Datawell offers insights, helps in solving tasks, and 

provides tips, thereby enhancing the learners' feelings of connectedness and 

support within the gamified environment. Figure 10 shows a moment of 

interaction between the learners and their NPC teammate. 

 

 

 

 

 

 

 

 

 

Figure 10: Print screen of NPC Interaction 

Non-gamified Learning Environment. In contrast, the non-gamified learning 

condition offers a more traditional approach to e-learning. Participants in this 

condition also accessed the material from the ‘Introduction to the Tidyverse’ course 

material through EdApp, but the delivery was text-based. This tradition learning 

approach included the same hands-on assignments as the gamified condition but 

lacked the interactive game elements. Figure 11 illustrates the interface of the non-

gamified environment, illustrating its straightforward, text-focused format.  
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Figure 11: Print screen of the Course Content – Non-Gamified 

3.3.2 Variables 
 

In this study, the variables were assessed through pre- and post-test 

questionnaires. Specifically, intrinsic motivation and perceived competence were 

measured both before and after the intervention to observe their impact. User 

engagement was measured only post-intervention. This distinction is grounded in the 

understanding that motivation functions both before and during a task, influencing 

initial participation and ongoing involvement (Ryan & Deci, 2000). In comparison, 

engagement primarily occurs during the task, reflecting the intensity and quality of the 

experience (Anderman & Patrick, 2012). Each of these variables and their role in the 

context of the study will be further elaborated in the following sections. 

Motivation and Perceived Competence. Data was gathered before and after 

the intervention using the Intrinsic Motivation Inventory (IMI) to understand how 

intrinsically motivated participants felt and how competent they believed they were. 

The IMI is a widely recognised instrument in the field of motivational research with its 

foundation in SDT and has undergone extensive validation. Comprehensive 

psychometric testing of the IMI has shown its validity and reliability in a variety of 

scenarios, including educational settings and gamified systems (Deci et al., 1994; 

Deci & Ryan, 2005; Kooiman et al., 2015; McAuley et al., 1989; Ryan et al.,1991; 

Sailer et al., 2017; Seaborn & Fels, 2015). The IMI evaluates participants' 

psychological responses across several dimensions: interest/enjoyment, perceived 

competence, effort, value/usefulness, felt pressure and tension, perceived choice, 

and relatedness. These facets yield six distinct subscale scores. In this research, 

specific IMI subscales were used to explore diverse aspects of motivation; the 
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interest/enjoyment subscale was used to measure intrinsic motivation, the perceived 

competence subscale was used to measure participants' perceived competence, the 

perceived choice subscale was used to evaluate the sense of autonomy, and the 

relatedness subscale was used to examine the sense of relatedness among 

participants. Responses to these assessment items were provided on a seven-point 

Likert scale, ranging from "totally disagree" to "totally agree". Table 2 shows the total 

number of items per subscale and an example Item for each variable.   

Table 2 

Example Items of the Intrinsic Motivation Inventory Scale 

Construct Number of items Example Item 
Intrinsic Motivation 5 Learning R is fun to do. 

Perceived Competence 4 I think I am pretty good at 

doing tasks in R. 

Autonomy – Decision freedom 4 While I was doing this 

activity, I could make my 

own decisions. 

Autonomy – Task 

Meaningfulness 

3 I believe this activity could 

be of some value to me.  

Relatedness 3 While I was doing this 

activity, I felt like I was 

part of a team. 

  

To verify the reliability of the questionnaire items, Cronbach’s alpha 

coefficients were calculated for each subscale. The results confirmed high internal 

consistency across all constructs, as demonstrated in Table 3.  
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Table 3 

Reliability Coefficients of Constructs 

Construct Cronbach’s α Number of Items 
Intrinsic Motivation α = .94 5 

Perceived Competence α = .93 4 

Autonomy – Decision freedom α = .80 4 

Autonomy – Task 

Meaningfulness 

α = .85 3 

Relatedness α = .75 3 

User Engagement α = .93 12 

 

Prior to calculating the total scores for the constructs, certain items required 

recoding to align consistently with the directional intent of the measured constructs. 

This adjustment was necessary for items 3 and 4 on the intrinsic motivation subscale, 

Item 4 on the perceived competence subscale and Item 3 on the autonomy – 

decision freedom subscale. The item scores were averaged to provide the total score 

for each construct.  

Engagement. Data on engagement was collected using the User 

Engagement Scale Short Form (UES-SF) (O’Brien et al., 2018) to provide insights 

into participant’s experiences throughout the learning experience. The UES-SF is a 

validated instrument designed to measure self-reported engagement after the 

intervention. The UES-SF consists of four subscales: focus attention, perceived 

usability, aesthetic appeals, and reward factor, each contributing to a comprehensive 

understanding of user engagement (O’Brien et al., 2018). The focused attention (FA) 

subscale assesses the extent to which participants felt absorbed in the interaction, 

often losing track of time; the perceived usability (PU) subscale indicates participants' 

experiences related to negative feelings during the interaction, the degree of control 

they had, and the effort required; the aesthetic appeal (AE) subscale measures the 

perceived attractiveness and visual appeal of the learning experience; and the 

reward factor (RW) evaluates the sense of reward or satisfaction derived from the 

learning experience in relation to the effort expended. The reliability and validity of 

the UES-SF have been demonstrated in prior research, providing a sound basis for 
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its application in the context of gamified learning environments (Holdener et al., 2018; 

O’Brien et al., 2015; O’Brien et al., 2018; Wiebe et al., 2014). Participants provided 

responses on a seven-point Likert scale, ranging from "strongly disagree" to "strongly 

agree". Table 4 shows the total number of items per subscale and an example Item 

for each variable. Cronbach’s alpha confirmed high internal consistency across the 

construct (Table 3). Item 4, 5 and 6 on the user engagement scale were recoded to 

align with the directional intent of the measured constructs. The item scores were 

then averaged to provide the total score.  

Table 4 

Example Items of the User Engagement Scale  

Construct Number of items Example Item 
Focus Attention 3 I lost myself in this 

activity. 

Perceived Usability 3 I felt frustrated while 

doing this activity. 

Aesthetic Appeal 3 This activity was 

aesthetically appealing 

Reward Factor 3 Doing this activity was 

worthwhile. 

 

3.4 Procedure 
 

The methodology implemented in this study, as outlined in the 'Participants' 

section, involved recruiting all participants from the University of Twente. Each 

participant was offered the flexibility to choose a convenient date for their 

participation. On the agreed day, they received a link to access the research 

materials, including their unique participant ID. Considering the solitary nature of e-

learning, participants were allowed to complete the experiment in a location of their 

choice, providing them the comfort and flexibility of a familiar environment. The entire 

study was designed to be completed within approximately one hour. The duration of 

the study, from start to finish, was approximately one hour.  The researcher was 
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available to assist in the event of any technical difficulties during the course of the 

study. 

Participants were randomly assigned to one of two conditions: a gamified 

learning environment or a traditional text-based learning approach. In the gamified 

condition, specific game elements, detailed in Table 1, were integrated into the 

learning modules hosted on the "EdApp" platform. Conversely, the traditional 

condition presented the same educational content in a text-based format. Before 

starting, participants were required to read and agree to an informed consent letter 

(referenced in Appendix A). Following their consent, they were briefed about the 

expectations and structure of the research. The research was conducted via the 

EdApp platform, which included a link to the survey site for administering the pre- and 

post-test assessments. To facilitate the execution of R code, participants were 

instructed to use R Studio or the online R website (Rdrr.io), which allows for running 

R code directly through a web browser. 

The first phase of the research involved participants completing a pre-survey. 

This survey gathered information about their programming experience (Appendix B), 

along with their intrinsic motivation and perceived competence (Appendix C). After 

completing the pre-survey, participants started the intervention phase. All necessary 

information and instructions were made available within the EdApp course. 

During the intervention, participants engaged with the EdApp environment and 

switched to R Studio as required to complete various tasks. To progress to 

subsequent tasks, participants had to correctly answer specific questions related to 

each task. The course was structured into four chapters: (1) Data Wrangling, (2) Data 

Visualization, (3) Grouping and Summarizing, and (4) Types of Visualizations. While 

completion of the first chapter was mandatory, participants had the option to continue 

with following chapters or stop at any point. On manually ending the course through 

the designated “end” button, participants were redirected to the post-test. The final 

phase involved a post-survey, which consisted of questions about the constructs of 

intrinsic motivation, perceived competence, autonomy (both decision freedom and 

task meaningfulness), relatedness, and user engagement (Appendix D). 

This procedure ensured a systematic evaluation of the impact of gamification 

on intrinsic motivation, perceived competence and user engagement in programming 
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education, while also allowing the participants the flexibility to engage with our study 

materials at their convenience. 

 

3.5 Data Analysis 
 

The dataset that formed the basis for this study was obtained through a pre-

test, an intervention, and a post-test involving 51 students from the University of 

Twente. The surveys collected data on students’ demographics, previous R 

programming experience, current R programming usage (Appendix B), as well as 

measures of intrinsic motivation, basic psychological needs, and user engagement 

(Appendix C and D). In order to comprehend the dataset, a preliminary assessment 

was conducted before moving forward with the primary data analysis. The dataset 

was examined for accuracy, completeness, and consistency. The first steps of the 

data cleaning process were ensuring that the category data were properly coded and 

checking for missing values and outliers. Then, various descriptive statistics were 

calculated to provide an overview of the dataset. To verify the reliability of the 

questionnaire items, Cronbach’s alpha coefficients were calculated for each 

subscale. The results confirmed high internal consistency across all constructs, as 

demonstrated in Table 4. The datasets were assessed for normality, using the 

Shapiro-Wilk test along with the generation of histograms to visually inspect the 

distribution. The analysis concluded that the normality assumption was satisfied.  

Paired sample t-tests were performed on variables with pre- and post-

intervention measurements to detect significant changes within the control (non-

gamified) and experimental (gamified) groups. To compare the post-test scores of 

constructs measured only post-intervention between the non-gamified and gamified 

groups, independent sample t-tests were conducted. Levene’s test was applied to 

confirm the assumption of equal variances across the non-gamified and gamified 

groups. The research hypotheses were taken into consideration while interpreting the 

statistical test results. A conventional alpha threshold of 0.05 was used to evaluate 

statistical significance. 
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4. Results 
 

The following section provides a comprehensive overview of the study’s 

findings. Each hypothesis will be examined to delve into the results in detail.  

H1. The first hypothesis posits that learners in the gamified group would report 

a higher level of autonomy (decision freedom and task meaningfulness), 

competence, and relatedness compared to learners in the non-gamified group. An 

independent samples t-test was performed. Descriptive statistics and results of the 

independent samples t-test are shown in Table 5.  

Table 5 

Descriptive Statistics and Independent Samples T-Test Scores for the Results of the 

Three Basic Psychological Needs 

Construct Non-
gamified 
condition 
(n=25) 

Gamified 
condition 
(n=26) 

Difference 
between 
conditions 

 

Mean (SD) Mean (SD) Mean p 

Perceived competence 3.34 (0.62) 4.76 (0.73) -1.42 <.001 

Autonomy – Decision freedom 4.12 (0.49) 5.35 (0.58) - 1.23 <.001 

Autonomy – Task 

Meaningfulness 

3.59 (0.73) 5.01 (0.62) -1.42 <.001 

Relatedness 2.40 (0.65) 2.67 (0.65) -0.27 .073 

 

The analysis revealed a significant difference in perceived competence 

between the non-gamified and gamified group, t(49) = -7.49, p < .001, with a large 

effect size, d = .68. Similarly, autonomy in terms of decision freedom was significantly 

higher in the gamified group, as indicated by the t-test results, t(49) = -8.11, p < .001, 

with an effect size, d = .54, suggestive of a large effect. Task meaningfulness also 

showed a significant increase in the gamified group compared to the non-gamified 

group, t(49) = -7.57, p < .001, with a large effect size, d = .67. 
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These results strongly support H1 for the constructs of perceived competence 

and autonomy (both decision freedom and task meaningfulness), confirming that 

learners in the gamified group reported significantly enhanced levels post-

intervention. The impact of the gamified environment on these constructs is not only 

statistically significant but also practically meaningful, as evidenced by the magnitude 

of the effect sizes. 

In contrast, the construct relatedness did not show a statistically significant 

difference between the gamified and non-gamified groups. The gamified group's 

relatedness scores were only marginally higher than the non-gamified group, with the 

difference not being statistically significant (t(49) = -1.48, p = .146). The medium 

effect size (Cohen's d = .65) did not suffice to confirm the significant impact of 

gamification on relatedness. 

In examining the relatedness Items across the non-gamified and gamified 

groups showed mixed outcomes. For Item 1 (While I was doing this activity, I felt like 

I was part of a team), the gamified group exhibited a significantly higher mean 

compared to the non-gamified group, t(49) = -2.68, p = .010. The effect size was 

large, Cohen's d = .79, suggesting a significant difference in this dimension of 

relatedness as a result of the gamification intervention. For Item 2 (While I was doing 

this activity, I felt like I was a valuable person to the task) and Item 3 (I feel supported 

by others in this activity), the results were not statistically significant. The Item 2 

scores were marginally higher in the gamified group than in the non-gamified group, 

but the t-test did not indicate a significant difference, t(49) = -1.02, p = .314. Similarly, 

Item 3 showed no significant difference between the gamified and non-gamified 

groups, t(49) = -.29, p = .775.  

H2. The second hypothesis proposed that the implementation of gamification 

in programming education would lead to a significant increase in learners' intrinsic 

motivation compared to a non-gamified learning environment. To assess this 

hypothesis, paired samples t-tests were conducted for both the non-gamified and 

gamified groups to compare pre-and post-intervention scores for intrinsic motivation. 

Furthermore, an independent samples t-test was performed to compare the post-

intervention scores between the non-gamified and gamified groups. The descriptive 

statistics and results of the paired samples t-test are shown in Table 6 and the results 

of the independent samples t-test are presented in table 7.  
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Table 6 

Descriptive statistics and Paired Samples T-Test Scores of Intrinsic Motivation and 

Perceived Competence of the non-gamified condition (n=25) and the gamified 

condition (n=26) 

Construct                               Pre- 
intervention 

Post-
intervention 

Difference   

Mean (SD) Mean (SD) Mean (SD) p 
Intrinsic Motivation     

Non-gamified condition 

(n=25) 

Gamified condition (n=26) 

3.20 (1.12) 

3.18 (0.91) 

3.29 (0.83) 

4.78 (0.70) 

0.09 (0.87) 

1.69 (1.26) 

.308 

<.001 

Perceived Competence 
Non-gamified condition 

(n=25) 

Gamified condition (n=26) 

 

3.00 (0.94) 

3.07 (1.10) 

 

3.34 (0.62) 

4.76 (0.73) 

 

0.34 (0.78) 

1.60 (0.93) 

 

.019 

<.001 

 

In the non-gamified group, intrinsic motivation scores showed a marginal 

increase from pre-intervention to post-intervention. However, the paired samples t-

test revealed that this increase was not statistically significant, t(24) = -0.51, p = .617, 

suggesting that the non-gamified intervention did not significantly impact learners' 

intrinsic motivation. Conversely, the gamified group showed a significant increase in 

intrinsic motivation scores following the gamification intervention, with mean scores 

rising from pre-intervention to post-intervention. The paired samples t-test for the 

gamified group demonstrated a statistically significant increase in intrinsic motivation, 

t(25) = -8.76, p < .001. The effect size for this change was large, with Cohen's d = 

.93, indicating a substantial increase in intrinsic motivation attributable to the 

gamification. 

The independent samples t-test results further strengthen these findings 

(Table 7). The post-intervention intrinsic motivation scores for the non-gamified group 

were significantly lower than those for the gamified group, t(49) = -6.960, p < .001. 

Cohen’s d was .77, suggesting a medium to large effect. These results indicate a 

significant difference in intrinsic motivation between the gamified and non-gamified 
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conditions, further supporting the effectiveness of gamification in enhancing intrinsic 

motivation in programming education.  

Table 7 

Independent Samples T-Test Scores of Intrinsic Motivation and Perceived 

Competence of the non-gamified condition (n=25) and the gamified condition (n=26) 

Construct Non-gamified 
condition 
(n=25) 

Gamified 
condition 
(n=26) 

Difference  

Mean (SD) Mean (SD) Mean p 
Intrinsic Motivation 3.29 (.83) 4.78 (.70) -1.49 <.001 

Perceived 

Competence 

3.34 (.62) 4.76 (.73) -1.42 <.001 

 

H3. Hypothesis 3 anticipated that the implementation of gamification in 

programming education would lead to a significant increase in perceived competence 

compared to a non-gamified learning environment. Descriptive statistics are shown in 

Table 6. The results of the analysis confirmed the hypothesis, with the gamified group 

experiencing a considerable increase in perceived competence from pre-intervention 

to post-intervention, t(25) = -6.85, p < .001, Cohen's d = 1.26. In contrast, the non-

gamified group showed a smaller yet also a significant improvement, t(24) = -2.19, p 

= .039, Cohen's d = .78.  

The independent samples t-test further supports these findings (Table 7). 

Post-intervention, the perceived competence scores for the non-gamified group, were 

significantly lower than those for the gamified group,t(49) = -7.49, p < .001. The 

Cohen's d .67 suggests a medium to large effect. This validates a significant 

difference in perceived competence between the gamified and non-gamified 

conditions, thereby underscoring the effectiveness of gamification in enhancing 

perceived competence in programming education. 

H4. Hypothesis 4 states that the implementation of gamification in 

programming education will lead to a significant increase in user engagement 

compared to a non-gamified learning environment. The findings support this 
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hypothesis, revealing a significant increase in user engagement scores in the 

gamified group post-gamification compared to the non-gamified group, t(49) = -13.25, 

p < .001. The effect size was large, Cohen's d = .42, indicating a considerable 

difference in user engagement due to the gamified intervention, strongly supporting 

hypothesis 4. 
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5. Discussion 
 

This study aimed to investigate the impact of gamification on learners’ intrinsic 

motivation, user engagement, and perceived competence within the context of 

programming education. The study was conducted in response to the challenges 

faced in learning programming as identified by Maryono et al. (2022), specifically, 

issues related to lack of motivation, the overwhelming nature of programming, and 

the perception that it is excessively challenging with the use of gamification, which all 

impact the level of engagement, motivation and perceived competence. 

5.1 Interpreting the Results on Competence, Autonomy and Relatedness 
 

The first hypothesis posited that learners in a gamified learning environment 

would report higher levels of perceived competence, autonomy (in terms of task 

meaningfulness and decision freedom), and relatedness. The results confirmed a 

significant increase in perceived competence. This finding is consistent with the 

underlying theoretical model, indicating that components such as badges, points, and 

progress bars, which act as feedback mechanisms, have the potential to improve an 

individual's feeling of competence (Deci & Vansteenkiste, 2004; Ryan et al., 2006). 

This finding can also tackle the common belief of learners that programming is 

difficult and exclusively for experts (Derus & Ali, 2012; Maryono et al., 2022). When 

learners feel more capable and confident in their programming abilities, they may 

overcome the psychological barrier that previously prevented them from attempting to 

program (Maryono et al., 2022).  

Furthermore, autonomy, specifically decision freedom, also showed a 

significant increase in the gamified environment compared to the non-gamified one. 

While the theoretical framework suggested that the game element avatar should 

contribute to increased decision freedom, this finding should be approached with 

caution. A study conducted by Sailer et al. (2017) found that the avatar system did 

not significantly enhance players' perceived choices. The study suggested that this 

lack of impact might be due the minimal influence or “dose” of the avatars. While the 

avatar symbol was present in the game, the selection of an avatar did not 

meaningfully change the gameplay. This suggest that autonomy in decision –making 

might be more associated with the outcomes of more substantial choices, as 
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indicated by Peng at al. (2012). While both studies used the Intrinsic Motivation 

Inventory to measure decision-making autonomy, the results were not identical. 

When examining the questionnaire items, such as "while I was engaged in this 

activity, I could make my own decisions," it becomes apparent that this measure may 

not be exclusively tied to the avatar game element. Instead, it could include other 

choices available within the gaming environment, such as the option to end the game 

at their own will, indicated by the "end" button accessible after the first module. 

Additionally, participants may have perceived certain interactions with Professor 

Datawell as choices. Hence, it is possible that the observed increase in decision-

making autonomy may not solely be attributed to the avatar game element but can 

also be influenced by other factors. 

Task meaningfulness, another dimension of autonomy, also exhibited a 

significant increase in the gamified environment compared to the non-gamified 

environment. This finding highlights the potential of a meaningful storyline to enhance 

task relevance, which is in line with the statements by Rigby and Ryan (2011). When 

learners perceive the tasks as meaningful, they can better connect the tasks to their 

personal goals and interests and are more likely to be intrinsically motivated to 

participate actively in the learning process (Margolis & McCabe, 2006). This can 

make the tasks and concepts in programming feel more relevant and worth diving 

into, tackling the challenge of the overwhelming nature of programming.  

Against expectations, while the results for relatedness showed a marginal 

increase, it was not significant. It was anticipated that the game elements meaningful 

story and teammates would introduce a shared goal, promoting a sense of relevance, 

as referenced by Ryan and Rigby (2011). When examining the items separately, it 

was observed that Item 1 (While I was doing this activity, I felt like I was part of a 

team) showed a significant increase between the gamified and non-gamified 

environments. This result is promising and suggests that the game elements of 

teammates and meaningful stories may successfully foster a sense of connection 

among learners. Item 2 (While I was doing this activity, I felt like I was a valuable 

person to the task) received the highest mean scores in both the non-gamified and 

gamified groups. The practical, hands-on experience tasks, which was a common 

element across both the gamified and non-gamified condition, likely play a role in 

giving learners a sense of contribution and relevance. The act of directly applying 
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programming concepts to solve problems or complete exercises can create a feeling 

of being a valuable part of the learning process (Belmar, 2023; Boyle et al., 2011; 

Polito & Temperini, 2021). This direct engagement with the material, which requires 

active problem-solving and application of skills, can be intrinsically rewarding and 

contribute to a learner's sense of value and relevance to the task at hand. However, 

Item 3 (I feel supported by others in this activity) did not show a significant increase. 

This could be explained by various factors, including the possibility that the 

gamification elements implemented in the study may not have effectively promoted a 

sense of support among participants. Additionally, the design and implementation of 

collaborative features within the gamified environment may require further refinement 

to foster a stronger sense of community and support among learners. 

5.2 Interpreting the Results on Intrinsic Motivation, Perceived Competence, 
and User Engagement 

 

Based on the theoretical framework and SDT, it was anticipated that game 

elements that support the need for competence, autonomy and relatedness would 

increase intrinsic motivation and user engagement. While not every need saw a 

significant increase in the gamified group, the results showed a significant increase in 

intrinsic motivation for the gamified group between the pre-and post-test. This 

increase supports the theory's position and is consistent with Ryan and Rigby's 

(2011) findings, which indicate that gamification has the potential to greatly increase 

intrinsic motivation in educational contexts even when not all psychological 

requirements are addressed equally. According to Ryan and Deci’s (2000) sub-theory 

of SDT, Cognitive Evaluation Theory, autonomy and competence are regarded as the 

most important needs to either diminish or support intrinsic motivation. This can 

explain why intrinsic motivation still showed a significant increase. This finding is 

crucial, given that lack of intrinsic motivation is a primary challenge in programming 

education. 

The increase in perceived competence within the gamified group further 

suggests that by addressing the belief that programming is only for experts, 

gamification can potentially reduce the learners’ belief in the difficulty of programming 

and address the psychological barrier preventing learners from the learning journey 

of programming. 
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Finally, the results showed an increase in user engagement within the 

gamified group, demonstrating a significant difference from the non-gamified group. 

The result emphasises how effective gamification can be as an engagement tool. 

Fredericks et al. (2004) support the idea that engaged learners are essential for 

effective learning. The findings of this study offer strong evidence that, particularly in 

fields where engagement has traditionally been difficult, gamification can be used as 

a tool to capture and maintain learners’ attention and active participation in the 

learning process.  
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6. Limitations and Recommendations 
 

This study's investigation into the impact of gamification on programming 

education has provided valuable insights. However, it is important to acknowledge 

and address certain limitations. In light of these limitations, several recommendations 

are proposed for future research.  

First of all, the study initially aimed for 30 participants per condition but 

eventually included 51 total participants due to constraints related to time and 

resources. This smaller sample size could limit the study's ability to detect subtle yet 

significant educational effects (Ahrens & Zaščerinska, 2014; Faber & Fonseca, 

2014). To enhance the validity and reliability of future findings, it is advisable for 

future research to aim for larger sample sizes.  

Secondly, the participant pool was exclusively drawn from the University of 

Twente, which raises concerns about the generalisability of the findings to a broader 

learner population (Polit & Beck, 2010; Smiderle et al., 2020). In order to strengthen 

the conclusions and broaden the applicability of the results to diverse educational 

contexts and cultural settings, future studies should aim to include a more 

representative and diverse sample of learners from various backgrounds and 

institutions. 

Another consideration is related to the data collection method employed in the 

study, which utilised a pre-post, self-administered questionnaire approach. While this 

method offers initial insights, it is advisable for future research to explore the long-

term impacts of gamification through longitudinal studies (Bitrián et al., 2021; Lorås et 

al., 2021; Nese et al., 2013). Such designs would provide a deeper understanding of 

the sustained effects of gamification over time, potentially revealing patterns and 

impacts that short-term studies might overlook. 

Furthermore, reliance on self-reported measures in this study introduces the 

potential for response bias, where participants' responses may be influenced by 

social desirability or fail to accurately reflect their actual behaviours or outcomes 

(Kreitchmann et al., 2019; Rosenman et al., 2011). To reduce self-report biases, 

future research should consider complementing self-report measures with objective 

data, such as performance metrics from the learning platform (Tempelaar et al., 
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2020). This multifaceted approach would provide a more comprehensive and reliable 

assessment of the impact of gamification. 

A significant limitation of this study is to have the inclusion of data analysis 

tasks within the modules, alongside programming tasks. Data analysis skills, which 

are distinct from programming skills, may interact with participants’ programming 

abilities and influence their performance (Li et al., 2022; Rahman et al., 2021). This 

interaction was not explicitly measured or controlled for this study. Consequently, the 

impact of varying data analysis capabilities on the results is not accounted for, which 

poses a substantial limitation. In future research, it would be advisable to separately 

assess and control for these different skill sets to better recognise the specific effects 

of gamification on programming education.  

Lastly, as Sailer et al. (2017) noted, different game elements can interact and 

enhance each other, potentially leading to varied effects. Consequently, the results of 

the study should be interpreted with caution. Future studies should explore the 

cumulative and interactive effects of various game elements. This exploration may 

lead to the development of more effective gamification strategies in educational 

settings. 

 

 

 

 

 

 

 

 

 

 

 



 

 42 

7. Conclusion 
 

This study investigated gamification’s impact on learners’ intrinsic motivation, 

engagement, and perceived competence in programming education. The findings 

suggest that gamification enriches the learning experience, not only by enhancing 

learners' confidence in their abilities but also by making their educational experience 

more interesting and interactive. This approach proves to be effective in addressing 

educational challenges such as low motivation, the perceived complexity of 

programming, and the overwhelming nature of programming. These improvements 

are particularly useful to overcome the challenges in the field of data science, where 

programming skills are highly valued and needed.  

The results thus indicate that gamified teaching methods enhance the learning 

experience. This work contributes to the growing research on gamification in 

educational settings, demonstrating how game elements can significantly increase 

perceived competence, motivation, and engagement. Such research is necessary as 

it provides educators with insights to innovate and adapt to meet diverse learners’ 

needs. Ultimately, this work emphasises the value of dynamic, engaging methods in 

developing the following generation of professionals capable of using data-rich 

surroundings. 
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9. Appendices 
 

9.1 Appendix A. Informed Consent 
 

Welcome to our research study, "Applying Gamification to Enhance Learning R Programming." Our 

primary goal is to compare the effectiveness of gamified learning and traditional text-based learning in 

the context of R programming. 

Purpose and Procedure: 
Your participation involves three steps: a pre-questionnaire, an intervention phase, and a post-

questionnaire. The entire study is expected to take approximately 40 minutes. The data collected will 

be used exclusively for comparative analysis between the two learning methods. 

Voluntary Participation: 
Participation in this study is entirely voluntary. You have the freedom to withdraw at any time, and you 

can choose not to answer specific questions or discontinue the study whenever you wish. 

Risks and Confidentiality: 
While we believe there are no known risks associated with this study, as with any online activity, the 

risk of a breach is always possible. Your answers will be kept confidential, and we use "EdApp" as the 

data collection platform to ensure anonymity. Each participant received a unique ID to prevent any 

connection between your name and the study results. The researcher alone will have access to the 
anonymous data, which will be destroyed after the report is completed. 

Contact Information: 
For any questions about the research or your role in the study, feel free to contact the researcher 
at m.nijskens@student.utwente.nl. 

If you have questions about your rights as a research participant, or if you wish to discuss any 
concerns about this study with someone other than the researcher, please contact the Secretary of the 

Ethics Committee of the Faculty of Behavioural, Management, and Social Sciences at the University of 

Twente via ethicscommittee-bms@utwente.nl. 

Consent: 
By continuing with this study, you acknowledge that you have read and understood this informed 

consent form. Your participation is entirely voluntary, and you agree to participate based on your free 

will. If you consent to participate in this research, please proceed with the study. 

 

 

 

 

mailto:m.nijskens@student.utwente.nl
mailto:ethicscommittee-bms@utwente.nl
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9.2 Appendix B. Pre-test Control Variables 
 

The following control variables were collected in the pre-test to understand the 

background and prior experience of the participants. 

Item Answer possibilities 

Please enter your unique participant ID 

 

This is to connect your pre- and post-survey responses 

for analysis. Your responses are confidential, and 

participation is optional. Thank you for contributing to our 

study! 

Open-ended 

What is your age Open-ended 

What is your gender? Male 

Female 

Other 

Prefer not to say 

What is the highest level of education you have 

completed? 

High school 

MBO 

HBO 

University Bachelor's 

degree  

University Master's degree 

Doctorate 

Other 

How would you describe your level of experience with 

programming? 

Beginner 

Intermediate 

Advanced 

Have you used R programming before? Yes 

No 

How often do you currently use R programming in your 

work or studies? 

Daily 

Several times per month 

Rarely 

Never used it before 
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9.3 Appendix C. Constructs and Items of the Pre-Test 
 

Construct Items 
Intrinsic Motivation 

   (Ryan et al., 1983) 

(MOT 1) I enjoy learning R.  

(MOT 2) Learning R is fun to do. 

(MOT 3) I think learning R is a boring activity. (R) 

(MOT 4) Learning R does not hold my attention at all. 

(R) 

(MOT 5) I would describe Learning R as very 

interesting. 

 

Perceived Competence 

   (Ryan et al., 1983) 

(COM 1) I think I am pretty good at doing tasks in R. 

(COM 2) I am satisfied with my performance in doing R 

tasks. 

(COM 3) While I am doing R tasks, I have feelings of 

success. 

(COM 4) Doing R tasks is an activity that I am not quite 

competent at. (R) 
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9.4 Appendix D. Constructs and Items of the Post-Test 
 

Construct Items 
Intrinsic Motivation 

   (Ryan et al., 1983) 

(MOT 1) I enjoyed doing this activity very much. 

(MOT 2) This activity was fun to do. 

(MOT 3) I thought this was a boring activity. (R) 

(MOT 4) This activity did not hold my attention at all. (R) 

(MOT 5) I would describe this activity as very 

interesting. 

 

Perceived Competence 

   (Ryan et al., 1983) 

 

 

 

 

 

 

Autonomy – Decision 

Freedom 

    Perceived choice 

    (Ryan et al., 1983) 

 

 

 

Autonomy – Task 

Meaningfulness 

    Value/Usefulness 

    (Ryan et al., 1983) 

 

Social Relatedness 

    (Ryan et al., 1983) 

(COM 1) I think I am pretty good at doing tasks in R. 

(COM 2) I am satisfied with my performance in doing R 

tasks. 

(COM 3) While I was doing R tasks, I have feelings of 

success. 

(COM 4) Doing R tasks is an activity that I am not quite 

competent at. (R) 

 

(AUTD 1) While I was doing this activity, I could make 

my own decisions. 

(AUTD 2) I felt like it was my own choice to do this task.  

(AUTD 3) I did not really have a choice in doing this 

task. (R)  

(AUTD 4) I did this activity because I wanted to. 

 

(AUTT 1) I believe this activity could be of some value 

to me. 

(AUTT 2) I think that doing this activity is useful. 

(AUTT 3) I think this is an important activity. 

 

(REL 1) While I was doing this activity, I felt like I was 

part of a team. 

(REL 2) While I was doing this activity, I felt like I was a 

valuable person to the task.  

(REL 3) I feel supported by others in this activity. 
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Construct Items 
User Engagement 

   (O’Brien et al., 2018) 

(UES 1). I lost myself in this activity.  

(UES 2) The time spent on this activity just slipped 

away. 

(UES 3) I was absorbed in this experience. 

(UES 4) I felt frustrated while doing this activity. (R) 

(UES 5) I found this activity confusing. (R) 

(UES 6) Doing this activity was taxing. (R) 

(UES 7) This activity was attractive. 

(UES 8) This activity was aesthetically appealing. 

(UES 9) This activity appealed to my senses. 

(UES 10) Doing this activity was worthwhile. 

(UES 11) Doing this activity was rewarding. 

(UES 12) I felt interested in this activity. 
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