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Curiosity is a significant educational component behind human learning and is vital for a learner 
to sustain motivation and engagement in both face-to-face and online learning environments. 
Positive feedback has the potential to support learning by enhancing competence, confidence, and 
curiosity. Informative feedback at the right time is the sought-after goal in traditional classrooms 
and is equally important for the learning design within a digital educational environment. 
Individual differences such as personality, gender, learning style, and curiosity trait can play a 
crucial role in how feedback is received and acquired knowledge is demonstrated in a different 
context by a learner. This paper proposes to exploit the benefits of positive feedback in a statistics 
game by establishing a connection between feedback and curiosity through the lens of the self-
determination theory of motivation. It presents a work-in-progress psychological theory-based 
conceptual framework to foster curiosity by means of game-based learning and gamification 
approaches.  
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Introduction and Background 
 
Curiosity has been conceptualised as an integral component of the learning process and generates motivation 
and well-being with higher levels of engagement in learners to help achieve full potential in a learning 
environment (Garrosa, 2017; Stumm et al., 2011). In the recent era, the ubiquitous existence of technology has 
shifted the focus from traditional classrooms to integrated digital learning environments including game-based 
mechanics with a capacity to elicit curiosity and motivation (Alsawaier, 2018; Fahimnia et al., 2019). 
Instructional designers have considered feedback as one of the critical elements to influence learning (Sullivan 
& Higgins, 1983) that can be utilised in a game to stimulate curiosity and motivation in learners (Kickmeier-
Rust et al., 2014). Since the advent of gamified educational platforms, the learning design of such an 
environment involves consideration of the importance of good feedback and maximisation of the quality of 
feedback to make it more effective and relevant (Ringtved & Corrin, 2016).  
 
The research on curiosity was initiated in the 1950s as a neurophysiological term that encourages an individual 
to engage in exploratory behaviour to gain knowledge in different environments (Berlyne, 1957). 
Loewenstein (1994) defines curiosity as an epistemic emotion generated through a knowledge gap while some 
researchers consider curiosity as another form of intrinsic motivation (Deci & Ryan 1985; White 1959). 
Informative feedback can be used as a mechanism for satisfying a curious learner (Malone, 1981). Information 
gap theory formulated by Loewenstein (1994) suggests that the intensity of curiosity becomes higher when the 
information gap is smaller (Litman et al., 2005). The feeling of deprivation caused by missing information can 
be reduced by filling the knowledge gap with the presence of appropriate feedback (Arnone, 1995). Engagement 
can be represented as a positive motivational state characterised by effort, passion, and dedication to learn new 
things (Garrosa, 2017). 
 
According to Fox and Hoffman (2002), the level of engagement and effort increases if a learner feels that they 
are close to their specific goal. Self-Deterministic Theory (SDT) of motivation posits that support for 
competence through positive feedback facilitates intrinsic motivation, which in turn is associated with improved 
curiosity and academic engagement (Deci & Ryan, 2000). The inclusion of positive feedback can positively 
impact the psychological need for satisfaction and intrinsic motivation in a gamification environment (Burgers, 
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2015). For this study, feedback is defined as information that is communicated to an individual in consequence 
of their performance to improve their learning (Hattie, 2007).  
 
Gamification is emerging as a popular trend attracting educational researchers because of their capability to 
support learners’ curiosity, motivation, and engagement through key mechanisms in an academic context 
(Subhash & Cudney, 2018) while game-based learning refers to an approach of using games to make learning 
more fun and interesting (Kickmeier-Rust et al., 2014). Past research has reported that many students experience 
anxiety while studying statistics and demonstrate low academic performance (Onwuegbuzie et al., 2010). Game-
based learning with gamification approaches can potentially help to reduce students’ statistical anxiety. 
According to the study conducted by Kickmeier-Rust et al. (2014), positive and meaningful feedback delivered 
in-game can successfully help direct learning through game intervention strategies. Furthermore, another 
research evidence reports that players expressed positive emotions after receiving constructive feedback 
following a failure in the gamified environment (Alsaweir, 2018).  
 
Additionally, researchers have attempted to investigate the effectiveness and preferences of feedback based on 
individual differences such as personality type (Swift & Peterson, 2018), learning style (Tasdemir & Arslan, 
2018), and motivational behaviour (Lin et al., 2013). Buckley and Doyle (2014) reported in their study that an 
individual's intrinsic motivation level in game-based environment can positively influence learners’ 
performance. There is no adequate evidence base to support the effectiveness of learning style as a valuable 
pedagogical tool, but it is worthwhile to design feedback strategies around this notion (Pashler et al., 2008).  
 
Research emphasises the significance of the need for teachers to understand a learner’s progress during their 
learning process and similarly it is essential for a learner to understand their own progress through the feedback 
received by them (Hattie & Timperley, 2007). Designing appropriate, effective, and balanced feedback has been 
a challenging task for educationalists (Boud, 2013). The findings from relevant research studies suggest that 
designing good computer-based feedback is not a straightforward task and can depend on many factors 
investigated during past decades (Wang et al., 2019). Some of these factors include the timing of feedback, 
immediate or delayed feedback (Schroth, 1992), amount of the feedback (Moreno, 2004), or the focus of the 
feedback (Brookhart, 2008). There is no one size fits all approach to design the feedback that has proven to be 
effective for all learners and in all situations as these considerations vary according to circumstances and 
learners’ feedback preferences (Tasdemir & Arslan, 2018). Feedback can have disparate effects on curiosity and 
intrinsic motivation based on how it is delivered, how the recipient interprets the feedback, and how the 
behaviour is related to the feedback provided to learners.  
 
This research aims to develop a conceptual framework to enhance curiosity and motivation in a game-based 
environment through positive feedback by understanding the implications of individual differences such as 
personality, gender, learning style, and curiosity trait. The theoretical lens to be used will be SDT, thus seeking 
to raise curiosity through providing feedback to increase intrinsic motivation towards improving learner’s 
competency within such an environment. The proposed study will be based on a statistics game called 
‘Understanding the World with Statistics’ and will address the following research questions related to curiosity, 
engagement, and feedback: 
 
• What is the link between curiosity, engagement, and academic performance? 
• What impact does positive feedback have on the curiosity level of a learner based on individual differences 

such as personality, gender, learning style, and curiosity trait? 
 
Some key concepts are discussed further in the following sections that are important to provide more insight into 
our research study. Section 2 discusses the research design; section 3 describes the information about the 
statistics game to implement the suggested framework to foster curiosity and engagement. This section also 
discusses the intervention design to be used for our study. The research gap and conclusions are discussed in the 
last section. 
 
Research Design 
 
In this research, we are building and evaluating an artefact designed in the form of a statistics game to 
understand the role of feedback in learning by using the design science research (DSR) approach. There has 
been an increasing interest in DSR from the Information Systems (IS) discipline recently as it focuses on 
building and evaluating innovative artefacts in the form of a new model, methods, or systems as a solution to 
research problems (Hevner, 2007). The fundamental principle of DSR is to understand a design problem and 
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acquire the solution through building an application as an artefact. These characteristics make DSR the 
appropriate research methodology for the proposed study as the goal of this research study is to build and 
evaluate the game artefact to understand the role of feedback in enhancing the level of curiosity within a game-
based environment.  
 
The DSR framework for our study consists of a three-phase cycle referred to as relevance cycle, rigor cycle, and 
central design cycle. The relevance cycle bridges the contextual environment of the research project with the 
design science activities. The rigor cycle connects the design science activities with the knowledge base of 
scientific foundations, experience, and expertise that informs the research project. The central design cycle 
iterates between the core activities of building and evaluating the design artefacts, and processes of the research 
(Hevner, 2007). Offermann et al. (2009) suggest structuring the DSR process as three phases namely “problem 
identification”, “solution design”, and “evaluation” with interacting activities for individual phases. Each phase 
is related to one of the cycles of the DSR framework as described below: 
 
Phase 1: The first phase of this research relates to the relevance cycle, which begins with identifying and 
representing opportunities and problems in the form of research questions within an application domain. The 
problem identification phase consists of three steps: identify the problem, literature research, and pre-evaluate 
relevance. The purpose of this phase is to specify the research questions and verify the practical relevance to 
offer a solid foundation for further research process (Offermann et al., 2009).  
 
Phase 2: The second phase is the solution design phase and relates to the central design cycle. The central 
design cycle is about building and evaluating innovative artefact design alternatives to achieve the desired 
solution. In the proposed research, the data collected through a game-based study will be analysed. Based on the 
data analysis, solutions will be developed to the identified problems, which can then be implemented as 
modifications in the game-based learning environment. 
 
Phase 3: The third phase is the evaluation phase and is about rigorous and thorough evaluation and testing of 
the designed solution using diverse approaches, calling for multiple iterations of the design cycle before 
contributions are sent as output into the relevance cycle and the rigor cycle (Hevner, 2007). The output of these 
cycles is fed into the design phase where a solution is constructed. Data is collected and analysed to ascertain 
the effectiveness of the implemented solution.  
 
Intervention Design using Game-Based Environment 
 
Figure 1 shows the conceptual framework, based on Self-Deterministic Theory (SDT), designed to provide 
positive and informative feedback to satisfy learners’ need for competence through enhancing curiosity and 
intrinsic motivation leading to an improved engagement for maximising learning.  
 

Figure 1. A conceptual framework to enhance curiosity and motivation using positive and informative 
feedback 

 

  
We have developed a game to teach statistics by stimulating the player’s curiosity to learn statistical concepts. 
The purpose is to motivate players with the game-based environment and help them in long-term learning. The 
proposed statistical game represents a fictitious museum setting game in which a player interacts with a set of 
museum artefacts and a curator character to teach them statistical concepts through real-world statistics datasets 
for the United Nations Sustainable Development Goals (Sustainable Development Goals, 2021). The game 
design is based on psychological concepts such as novelty, relevance, optimal challenge, and presence of 
feedback along with features that make the game more fun and interesting.  
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This game consisting of three levels is developed by researchers on Unity 3D platform to teach key concepts 
within statistics. It helps learners identify why a certain formula, approach, or method is used for a given 
problem, instead of teaching statistical procedures first and finding the problems to apply the procedures. The 
player starts their exploration at level 1, the ground floor which introduces the basic statistics concepts like 
Mean, Mode, Median, and Standard Deviation. As the player advances through levels 2 and 3 they are presented 
with higher-level statistical concepts such as hypothesis testing, correlation, and linear regression. The intended 
learning outcomes for this game are to stimulate curiosity through triggering effective and informative feedback 
and test the learner’s ability to provide statistical analysis for real-world problems such as “What factors reduce 
poverty?”. 
 
Figure 2 shows a screenshot of the game for the research study. The data collected is self-reported by the 
participants through their interaction with the game. The study will start with a demographic questionnaire 
including questions for collecting participants’ information related to gender, cultural group, age, learning style, 
and the number of hours they spend playing computer games per week. The Participants will complete the Ten 
Item Personality Instrument (TIPI) to measure the Big-Five personality traits (Openness, Conscientiousness, 
Extroversion, Agreeableness, Neuroticism), also called OCEAN collectively (Goldberg, 1990; Gosling et al., 
2003). The participants will also be asked to complete the Melbourne Curiosity Inventory (MCI) questionnaire 
to measure the level of learners’ curiosity before and after playing the game. The multiple-choice quizzes 
(MCQ) will be used at each level to measure learning gains in terms of the number of questions answered 
correctly in the game. 
 

Figure 2. A screenshot of Statistical Gaming System 
 

 

 
Conclusion and Future Work 

Curiosity is an aspect of intrinsic motivation that has great potential to benefit academic learning. To develop a 
cohesive model to enhance curiosity in a game-based learning platform, it is essential to investigate the impact 
of feedback on learners’ performance based on their individual differences and help develop an internal drive to 
achieve their learning goals. 

In this paper, we presented the relationship between feedback and curiosity through the lens of psychological 
theories. It also discusses the role games can play in eliciting curiosity and improving engagement by providing 
informative and positive feedback, and how the learners with individual differences will be able to effectively 
receive and interpret the feedback supplied to them. By being aware of individual learning needs, educators can 
demonstrate that they are not only guiding learners by providing meaningful feedback but also satisfying the 
psychological need of competency and fostering a level of curiosity and motivation for deeper engagement 
through their learning journey. 
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