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Abstract 

Gamification, the use of game-based elements to motivate and engage learners, is a promising 

tool in inquiry-based learning. The strategy can be integrated in many ways to make the 

students perceive the content as more meaningful. Especially in online laboratory 

environments focusing on STEM subjects, gamification seems to facilitate students’ 

immersion and, consequently, might influence students’ learning outcome, motivation, 

confidence and flow perception. Previous research indicated gamification could be effective, 

but large portions of the research have been described as fragmented. An online laboratory 

environment with interactive elements, visuals and explanations introduced the participating 

higher education students to the efficiency of pulley systems. A narrative element in form of a 

storyline was integrated into the experimental condition, while the control condition solely 

focused on the content to isolate and measure the effect of gamification. No significant 

differences were found between the conditions concerning students’ motivation, performance, 

confidence and flow. However, when considering the development within the conditions, 

students in the control condition perceived the learning environment to be significantly less of 

a challenge after finishing the study than before the start. Subjects in the experimental 

condition reported constant levels of challenge throughout the study. However, these results 

should be considered cautiously, as solely one form of gamification element was introduced. 

Further research will be required to observe the effects in a less isolated setting. Combining 

multiple gamification elements over a longer time could likely lead to a more thoroughly 

perceived learning experience and thereby to more significant differences between the 

experimental conditions.   

Keywords: Computer-based learning, Inquiry-based Learning, Gamification, 

Motivation, Performance 
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Can Gamification Improve Higher Education Students’ Learning Outcome, Flow, 

Confidence and Motivation in Inquiry Learning Systems? 

Learning is an essential skill to allow progress and improvement over time. In recent 

years, new trends in learning and instruction can be observed. More and more attention has 

been spread to various instruction forms promising better results than traditional learning. In 

this regard, inquiry-based learning, computer-based learning and gamification are some of the 

most relevant developments (Tsai, 2017). Many propositions to possibly improve the learning 

outcome have been created and implemented through recent technical improvements. By 

implementing new strategies and evaluating their effects, it could be possible to facilitate the 

learning process in the future. This paper aims at examining the effects of gamification on 

higher education students’ learning outcomes, level of confidence, flow and motivation in 

inquiry-based learning.  

Inquiry-based Learning 

Inquiry-based learning (IBL) has gained increased attention in the past few years. IBL 

is an instructional approach focussing on problem-solving and stepwise discovery learning. 

Pedaste et al. (2015, p. 48) state that IBL aims at providing an “authentic scientific discovery 

process”. Learners have to participate actively and are responsible for directing their learning 

process. Additionally, learners who are effectively introduced to the inquiry process gain 

more knowledge throughout various scientific procedures than learners without proper 

introduction (Zacharia et al., 2015). Learners deal with hypothesis-testing and experiments 

and discover different causal relationships over time. Therefore, the learning material is 

divided into five inquiry phases: Orientation, Conceptualisation, Investigation, Conclusion, 

and Discussion. Moreover, IBL is described as a learning cycle, as learners can re-enter the 

cycle at any point if something is unclear (de Jong & Lazonder, 2014; Pedaste et al., 2015). 

This allows learners to adapt their learning rate and engage in a self-regulated learning 

process. By partaking in the investigative discovery process, learners understand the situation 

and often perceive the acquired content as meaningful (Zacharia et al., 2015). In IBL, learners 

can identify and examine complicated aspects step-by-step, reflect upon their inquiry learning 

experiences and check their level of comprehension. IBL has been found to result in better 

outcomes than traditional learning. However, this only is the case when the IBL is guided and 

learners are supported in their inquiry process (Abdi, 2014; Pedaste et al., 2015; Zacharia et 

al., 2015). Otherwise, learners are at risk of being confused by the task at hand. Prior studies 

indicate scientific discovery learning to be ineffective, when it is not guided (de Jong & 

Lazonder, 2014). The learning environment requires a clear structure, and learners must be 
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introduced to tasks of increasing difficulty over time to allow successful IBL (Pedaste et al., 

2015). When implemented correctly, IBL was found to positively affect inquiry skills such as 

identifying problems, formulating hypotheses, analysing data and drawing conclusions 

(Mäeots et al., 2008 as cited in Pedaste et al., 2015). With the help of IBL, learners are 

actively involved and engaged in the topic, making them consider the situation differently. 

Computer-based Learning 

Computer-based learning is a common approach for practical learning. Recent 

developments in the COVID-19 pandemic emphasised the importance of having access to 

computers and the internet in education (Walters, 2020). Various forms of computer-based 

learning exist and are often used to enable the learners to engage in self-regulated learning 

(Devolder et al., 2012). Computer-based learning allows learners to precisely indicate their 

needs and receive tailored feedback or recommendations immediately. Accurate, instant 

feedback is crucial to allow learners to adjust their performance. Therefore, computer-based 

learning has been found to positively impact motivation and learning effectiveness (Rico 

García & Vinagre Arias, 2010). As motivation is one of the critical indicators for an effective 

learning outcome, it will be explored what components are part of the concept. In recent 

years, combining computer-based and inquiry-based learning has gained more popularity, 

frequently in so-called online laboratory environments (Brewer et al., 2013; Govaerts et al., 

2013; Zacharia et al., 2015). In these online laboratories, participants can regulate their 

learning process and simulate a scientific discovery process in the inquiry learning 

environment. The combination leads to deeper processing of the content and significant 

advantages for the learner. Platforms, such as graasp.eu and golabz.eu, can be accessed 

globally and provide teachers with the opportunity to create, share, adapt and evaluate their 

learning environments. The observations suggest that computer-based learning provides many 

new opportunities for learning procedures and often affects learning outcomes positively.  

What is Gamification?  

One of the most promising trends in computer-based inquiry learning is the integration 

of gamification. Gamification is defined as “using game-based mechanics, aesthetics and 

game thinking to engage people, motivate action, promote learning, and solve problems” 

(Kapp, 2012, p. 10). According to Landers et al. (2018), gamification can be integrated into 

existing learning environments to apply a gamified learning process. The existing learning 

environment must already be determined to be effective, as gamification aims at improving 

the instruction and does not replace it. Therefore, gamification can only succeed in a suitable 

functioning learning system.  
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A clear distinction must be made between the concepts of game-based learning and 

gamification, as both use game-based elements to keep learners engaged over time, but still 

follow different aims and methods (Al-Azawi et al., 2016; Kapp, 2012). Gamification implies 

using game-based elements to motivate the learner to achieve a specific learning goal, while 

game-based learning is integrated into a serious game. In most cases, computer-based learning 

is used to introduce game-based elements to the learners. When the elements are correctly 

presented, gamification often leads to intense emotional responses from the learners (Buckley 

& Doyle, 2014; Chapman & Rich, 2018). The emotional responses improve motivational 

factors and affect the learners’ performance. Gamification has been found to impact the 

learners’ motivation among all age groups positively, but especially children, adolescents, and 

young adults are highly motivated (Brewer et al., 2013; Chapman & Rich, 2018; Kapp, 2012). 

By integrating game-based elements into an instructional program with debriefing, objective 

clarification and feedback, the elements can be introduced more effectively (Hays, 2005). 

When the program’s main objective is clear to the learners, they can focus on the subject and 

do not need to be as attentive as otherwise. Well-introduced programs allow the learner to 

play to learn and not waste their capacities on learning how to play (Kapp, 2012). By 

thoroughly planning the creation of the learning environment and introducing its procedure, 

the designers aim at increasing the learners’ motivation and making the learned content more 

meaningful to the participant. Brewer et al. (2013) found, that the implementation of gamified 

elements leads to a considerable increase in the participants’ task completion rate. Depending 

on the utilised gamification elements, the planned intentions and actual consequences 

following can vary strongly. 

 Dimensions of Gamification Taxonomy 

Many different forms of gamification can be integrated to improve the learning 

process. The game designers aim at establishing higher levels of motivation, which are 

directly linked to better learning outcomes in digital environments (Lin et al., 2017). When 

integrating the gamification element, it is crucial to recognise its unique effect on the 

participants. The various gamification forms strongly deviate in their effects on the learner 

(Chapman & Rich, 2018; Mekler et al., 2017). Therefore, examining and evaluating how the 

elements affect students’ intrinsic and extrinsic motivation and learning outcomes is vital. 

According to Toda et al. (2019a), the broad range of gamification tools makes it challenging 

for the designer to correctly assess and predict the results of these tools. Prior research 

indicated the need for a taxonomy system to classify the gamification elements leading to the 

distinctions: performance, ecological, social, personal and fictional (Toda et al., 2019a). As 
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each dimension follows different aims, it is crucial to consider their effect. The taxonomy can 

distinguish between various gamification elements and allows the successful planning and 

implementation to reach the initial aims in the learning environment. While elements in the 

dimension of performance focus on providing meaningful feedback to the learners, elements 

in the ecological category provide the learner with the feeling that individual choices in the 

learning environment matter. Social elements can enhance learning by improving 

performance through collaboration or comparison with others. Lastly, personal and fictional 

elements make the learner perceive the learning environment as being relevant because of 

interest through personal involvement and introduction of the context. The gamification 

taxonomy enables an objective assessment and comparison to determine how the individual 

elements from different dimensions can affect the learners’ motivation and performance. 

Effects of Individual Gamification Elements 

By carefully assessing the participants’ needs, the gamification elements in the 

learning environment can be tailored to allow better performance. Some of the most used 

gamification elements are reward structures, levels and time restrictions (Kapp, 2012; Mekler 

et al., 2017; Ortiz et al., 2016). The use of reward structures can be integrated, for example, as 

points, leaderboards or awards. By facing an obstacle to overcome, for example, a certain 

number of points or a rank on the leaderboard, learners are encouraged to continue engaging 

with the learning system (Mekler et al., 2017). With the aid of Todas’ taxonomy system 

(2019a), these elements can be categorised as performance-based, allowing participants to 

evaluate and reflect upon their performances. Another prominent strategy in this category is 

scaffolding, which offers choices in difficulty and keeps learners from various knowledge 

levels engaged over time (Devolder et al., 2012; Kapp, 2012). Scaffolding also enables 

learners to reflect upon their comprehension, self-regulate their learning process and gain 

motivation through the increased challenge difficulty (Gressick & Langston, 2017). Reward 

structures are probably the most prominent gamification elements (Kapp, 2012; Ortiz et al., 

2016). Nevertheless, it is often doubted whether they are the most effective gamification 

elements. Reward structures are dependent on other factors such as active engagement, 

visualisation, storytelling and problem-solving processes in the learning environment to allow 

a meaningful learning process (Kapp, 2012). These factors are introduced to gamification 

elements to make the content more meaningful to the student. By using a personal and 

fictional dimension, students can put the situation into context, understand the tasks’ 

importance and immerse themselves in the learning environment (Toda, 2019a). Thus, 

increased immersion can be established through different gamification elements on the 
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fictional dimension, such as avatars or a storyline. Besides, the content often becomes clear 

and more meaningful to the learners by integrating a personal dimension, for example, 

upcoming objectives or puzzles. Conversely, when learners do not see the reason and context 

behind their task, they are often confused. Confusion can potentially harm the students’ 

performance and motivation.  

Therefore, it is crucial to understand that using gamification elements does not 

necessarily lead to improvement and the unique situation of the learner always has to be 

considered. When the initial aim and students’ needs do not connect to the implemented 

gamification element, the learners are likely to be confused or stressed. Certain elements have 

also been found to harm the learners’ performance. The use of time restrictions can be 

incorporated to increase the pressure that participants are facing. A running clock is related to 

disengagement for the participants through external pressure (Toda, 2019b). The creator must 

know the gamification elements’ chances and pitfalls. By implementing suitable gamification 

elements into the materials and providing the participants with a challenge, learners’ 

knowledge gain and motivation can likely be increased.  

Gamification for Higher Education Students 

Therefore, it is crucial that the creator knows their target group and tailors the game to 

future users’ interests and preferences. By taking these factors into account, learners’ 

motivation can be enhanced. The focus of this study will be tailored to the needs of higher 

education students. Most higher education students have access to technology, which can be 

utilised in education and integrated into the learning process (Lundin et al., 2010). Using the 

technology can help gain new chances to motivate the students and improve their learning 

outcomes. As many higher education students already have experience with gamification, the 

implementation is expected to be well accepted by the learners (Ortiz et al., 2016). 

Gamification was used in a study to teach medical students how to communicate in their job 

and resulted in almost 80% of the students reporting to feel more confident and 

knowledgeable than before (Duque et al., 2008). When the learning environment is a good fit 

for the students, they will likely engage with the materials and increase their knowledge.  

The Theory of Gamified Learning 

The theory of gamified learning concerns the effects of the gamification elements on 

the learner. Examining and evaluating the connections between the game characteristics, 

instructional content, behaviour/attitude, and learning outcomes can predict whether the 

gamified learning will be successful (Landers, 2014). Instructional content and game 

characteristics influence the learning outcome, but in both cases, the effects are mediated by 
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the behaviour/attitude of the learner. Furthermore, behaviour/attitude has been found to 

moderate the relationship between instructional content and learning outcome. In 2014, 

Landers stated that it is vital for all of the factors mentioned before to be included in the 

effects, as gamification only works when the game elements/instruction leads to a particular 

behaviour, which leads to a specific learning outcome. Therefore, observing possible 

mediation and moderation that affect the learning outcome is crucial. The theory of gamified 

learning is employed to observe the effect of the instructions and the game characteristics on 

the behaviour/attitude and then on the learning outcome. By considering these effects, it can 

be predicted whether the gamification element leads to the desired learning outcome.  

Intrinsic and Extrinsic Motivation 

Through gamification, the learners’ motivation can be influenced intrinsically and 

extrinsically. It is crucial for game designers to thoroughly decide which game-based 

elements are the most beneficial for the application. Extrinsic motivation leads to action 

through external factors influencing motivation, like an achievement or score to beat. Intrinsic 

motivation leads to action through internal motivation factors, such as the striving for self-

fulfilment (Kapp, 2012). Both extrinsic and intrinsic motivation are valuable additions to the 

learning process. However, intrinsic motivation is at risk of being undermined by extrinsic 

motivation, as intrinsic objectives are often less tangible, leading to less engagement over 

time (Kim, 2015). In many cases, learners are extrinsically motivated to improve their 

performance by receiving an indication of their traced performance and comparing it to 

others. However, reward structures can also lead to intrinsic motivation when the 

determination to improve is facilitated by internal factors, such as the own performance 

expectations (Kapp, 2012). The complicated relationship between intrinsic and extrinsic 

motivation is vital to estimating gamification elements’ effects on the resulting motivation 

and learning outcome. Various studies state that especially intrinsic motivation is crucial for a 

successful learning process, as higher levels of intrinsically motivated students were 

connected with more success when using gamified learning (Buckley & Doyle, 2014; Kapp, 

2012). Malone and Lepper found several factors that strongly influenced learners’ intrinsic 

motivation. Their six central factors in raising intrinsic motivation regarding learning are 

challenge, curiosity, fantasy, cooperation, competition and recognition (Malone & Lepper, 

2021). The more these six factors are present in a learning environment, the more likely 

participants will be intrinsically motivated. By observing the effect of intrinsic and extrinsic 

motivational factors in gamification, it is possible to recognise how the use of game-based 

elements affects the learners’ performance.   
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Motivation  

Motivation is a concept that is not only considered through the intrinsic and extrinsic 

dimensions, as there are various definitions and components of the concept of motivation. 

According to Rheinberg et al. (2001), to assess motivation in learning with the questionnaire 

on current motivation (QCM), there are four relevant factors for initial motivation: probability 

of success, anxiety, interest and challenge. The probability of success relates to the learner’s 

confidence in their skills and ability to succeed. Anxiety in this context can be described as 

the fear of failure. Interest relates to the personal preferences of the learner. Challenge means 

that the learners recognise that they want to achieve something and are motivated to succeed 

by facing a challenge. The relevant motivational factors determine how learners react to 

gamification (Vollmeyer & Rheinberg, 2006). The average scores in the QCM can predict the 

students’ performance based on their motivation. By respecting the four relevant factors to 

keep the learners’ motivation high, the QCM can aid in detecting possible flaws in the online 

learning environment. 

 Flow 

Gamification has much potential to keep learners engaged in the relevant material.  

If the learning environment is a good fit for the learners, they can find their flow state, which 

is defined as “a mental state of operation in which a person is fully immersed and focused in 

what he or she is doing” (Kapp, 2012, p.71). When gamification is applied, certain conditions 

are essential for learners to achieve their flow state. These conditions are related to facing 

achievable tasks, maintaining concentration, having clear goals, receiving instant feedback, 

controlling the action, getting involved effortlessly, not facing self-concern and losing the 

sense of time (Csikszentmihalyi, 1990; Sillaots, 2014). Game designers often aim for learners 

to find their flow state and engage with the learning material, but predicting the effects during 

the design phase is challenging. The learning environment must be designed carefully, and 

participants must use the program as intended (Hays, 2005). Game designers must predict 

how the game-based elements affect the learners’ engagement. Due to the increased 

importance of deep work, measurements such as the Flow-Short-Scale (FSS) have been 

created to establish flawless learning environments for the participants (Vollmeyer & 

Rheinberg, 2006). Low reported flow levels can indicate potential flaws in the learning 

environment, hindering the learners from engaging with the material.  

Aiming at Improved Learning Outcome & Higher Confidence Levels 

The online-learning environment aims at enabling learners to actively learn about a 

relevant topic of interest. Gamification can be used to motivate and guide learners to 
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increased knowledge. Different types of knowledge can be approached. Positive learning 

effects through gamification are related to procedural, declarative, conceptual and rules-based 

knowledge (Hays, 2005; Kapp, 2012). According to Sitzmann (2011), computer-based 

learning does not only have a positive outcome on procedural and declarative knowledge. 

However, it is also closely related to confidence, as learners who utilised game-based 

elements to learn were around 20% more confident than those who participated in traditional 

learning without computers. Self-confidence in their abilities is a measurement that can be 

used to predict the learners’ future performance. By considering the learners’ perception, the 

online learning environment can be tailored to the learners’ needs. Consequently, the game 

designers need to comprehend who will use their application and how it will be used. 

According to Hays (2005), the instructional game can only be effective if the instructional 

objectives are met and the game is played as planned. If the online learning environment is 

not utilised as intended, learners will probably not focus on the central topics of the program. 

When designing the program, knowing who will engage with the online learning environment 

is crucial to enable an effective learning process leading to satisfying learning outcomes and 

high levels of confidence. 

The Self-Determination Theory 

Increased engagement and motivational levels regarding learning have been explained 

through various theories. A central theory to describe specific effects of gamification is the 

self-determination theory (SDT) (Kapp, 2012). SDT also differentiates between intrinsic and 

extrinsic motivation and indicates that high intrinsic motivation is related to higher 

engagement (Kam, 2018). SDT defines various factors that influence the motivational levels 

of learners. The three relevant factors according to SDT are autonomy, competence and 

relatedness. These can be defined as having feelings of control in a situation, being confident 

in own skills to defeat a challenge and connecting to others. When the learner perceives 

autonomy, competence and relatedness as satisfactory, the intrinsic motivation is positively 

affected and suggests a better performance. The three central factors are directly related to 

predicted enjoyment and future gameplay (Kapp, 2012). The SDT suggests that learners who 

feel like they determine their learning process are more likely to engage with the material. 

Therefore, the components of SDT should be considered to observe the learning environment, 

evaluate the current state and establish high motivational levels among the learners through 

adjustments in the environment. By considering the SDT, the learning process can most likely 

be facilitated, leading to improved intrinsic motivation, which ultimately contributes to an 

increased knowledge gain.  
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Crucial Considerations for Implementing Gamification  

Gamification has been found to impact various forms of knowledge positively. 

However, Kapp (2012) emphasises the importance of tailoring the learning procedures in the 

environment to the form of knowledge. Depending on the type of knowledge gained, it needs 

to be decided which gamification element can be introduced to improve the learning process. 

According to Mekler et al. (2017), when motivational factors are not affected by the 

gamification elements, in many cases, it can be attributed to mistakes or uncertainties in the 

implementation. In recent years, research on gamification has been done in various subjects, 

for example, computer science, social sciences, language arts, math, physics and biology 

(Chang et al., 2008; Kapp, 2012; Ortiz et al., 2016; Tsai, 2017). However, critics mentioned it 

is crucial to consider that some of the research on instructional programs is fragmented and 

should not be generalised (Hays, 2005). Prior research dealt with a broad spectrum of content, 

tasks and participants. There is much discussion about which game-based elements can be 

introduced to which situations and topics and when gamification should not be used (Toda, 

2019a). By closely examining the gamification effects and indications from prior research, 

flaws can be prevented and tailored to the specific requirements of learners in this domain 

(Mekler et al., 2017). However, the complexity and variety of gamification elements present 

the researchers, designers and instructors with a significant challenge. Each element’s unique 

criteria and the effects of its use are hard to predict. Frameworks, such as the gamification 

taxonomy, can introduce fitting elements more effectively (Toda, 2019a). The design process 

of the learning environment has to be carefully planned, revised and adapted to the needs of 

the learners to allow successful inquiry learning. 

Outlook on Gamification Use and its Effects 

Gamification can be implemented into many learning environments dealing with several 

topics. According to Abdi (2014), integrating gamification elements into science subjects can 

increase the learners’ interest in the subject, improve problem-solving skills and raise the 

perceived importance of scientific evidence. As STEM topics are practical and well-suited for 

inquiry learning (Chang et al., 2008; Pedaste et al., 2015), this study will be based on a 

physics subject. The following paper will examine the effects of gamification on higher 

education students’ motivation, confidence, flow and learning outcomes in an online inquiry 

learning system about pulley systems. Inquiry-based learning and computer-based learning 

provide the students with a chance at a deep understanding of the content. By combining the 

elements to introduce gamification, students can learn differently and more effectively than in 

traditional learning. As mentioned above, both, the theory of gamified learning and the self-
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determination theory suggest improved motivation through gamification. Nevertheless, 

evaluating the effects of several gamification elements at a time is challenging (Toda, 2019a). 

Therefore, students were only introduced to the gamification element of a storyline to make 

the content meaningful for the learners. Thus, the focus of this study will be on narrative 

gamification elements. This research aims at examining how fictional gamification elements 

can enhance students’ learning process and eventually facilitate their performance in the 

future. The research question that will be approached in this study is whether gamification use 

can improve higher education students’ learning outcomes, flow, confidence and motivation 

in inquiry learning systems. Consequently, by observing differences in these dimensions, 

challenges and problems in the learning environment can be discovered to facilitate the 

students’ learning process in the future.  

 

H1: Gamification positively affects the learning outcome in a computer-based online inquiry-

learning system among higher education students. 

 

H2: Gamification positively affects the level of motivation in a computer-based online 

inquiry-learning system among higher education students. 

 

H3: Gamification positively affects perceived flow in a computer-based online inquiry-

learning system among higher education students. 

 

H4: Gamification positively affects the confidence level in a computer-based online inquiry-

learning system among higher education students. 

Methods 

Design 

 A between-subject design was employed to compare the gamified and control 

conditions. The development within the groups was also considered for the dimensions with 

more than one measurement. The study received ethical approval from the Ethical Committee 

of the Behavioural, Management and Social Sciences at the University of Twente (UT). 

Participants 

The participants were mainly recruited through the test subject pool of the UT and partly 

through convenience sampling. Subjects were required to have sufficient skills in English to 

take part in the study. Students of the UT were rewarded with 0.5 test subject credits for their 

participation in the study. In total, 82 higher education students participated in the study. 
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After reviewing the initially collected data, 27 were excluded from the analysis because of not 

consenting to participate, skipping learning phases or not finishing the study. Consequently, 

55 peoples’ data was considered for the data analysis (35 male, 20 female), with participants’ 

age ranging between 19 and 28 years old (M = 21.8, SD = 2.2). In total, 28 students were 

considered for the experimental condition and 27 for the control condition. Before 

participating, the respondents were given information about the study and had to agree to the 

consent form. Thus, subjects were informed about the handling of their data and the procedure 

and were told they could quit the study at any point if they chose to do so. 

Materials 

 Initially, it was planned to conduct the data collection in-person to ensure guidance for 

the participants in case it was required. Due to unforeseen health circumstances, the data 

collection was instead conducted online, and participants had to use their computers. The 

study was performed through the learning platform graasp.eu/golabz.eu. The platform allows 

learners to engage in guided computer-based inquiry learning processes, and users can 

integrate various elements for measurement. An inquiry learning system was established to 

introduce participants to the efficiency of pulley systems. The inquiry learning phases were 

taken as a guideline but were partly renamed and split to make the learning system more 

appealing to the subjects. Furthermore, two phases were added before the learning process to 

include consent and measure prior knowledge and motivation. As gamification has been 

proven most effective when integrated into a functioning learning system, several existing 

learning elements such as a “Pulley Simulator”, a video explanation and pictures were 

incorporated into the learning environment. Throughout the inquiry phases, several 

explanations were shown to prevent confusion about the procedure and focus on the content. 

These elements promise the participants a progressive comprehension of the functioning of 

pulley systems.  

Students in the gamification condition were introduced to a storyline related to the 

problem where two pictures were different, and the text of each phase was slightly adapted to 

describe the situation of a fictive character (see Appendix A). The control condition displayed 

similar content without incorporating the storyline and instead focused more on the technical 

aspects (see Appendix B). In the first phase of the environment with gamification, participants 

were introduced to the storyline of Laura, a fictional higher education student to relate to. In 

the control condition, participants instead received a short introduction to pulley systems 

without a background story. The “Conceptualisation” phase was split into “Demonstration” 

and “Combination” to make the participants engage without losing concentration. Throughout 
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the phases “Demonstration”, “Combination”, and “Investigation”, subjects from both 

conditions watched the same videos and engaged in the same pulley simulator. However, in 

the condition with gamification, Laura was shortly referred to in the text in all of those 

phases. In the “Demonstration” phase, learners are introduced to the subject in the video and 

have to state three hypotheses and indicate their confidence level. Next, the “Combination” 

phase contains the second part of the video introduction. After experimenting with the 

simulator and its different variables in the “Investigation” phase, learners were introduced to 

the same practical problem in both environments in the “Conclusion” phase. However, the 

problem was framed differently, as the condition with gamification again referred back to 

Laura’s situation. The control condition just introduced the same numbers relevant to solving 

the practical problem. In the “Discussion” phase of both conditions, learners had to indicate 

other purposes for which pulley systems can be applied. 

Apps such as “Quest 2.0” and “Hypothesis Scratchpad” were introduced to have the 

participants answer questions about the content and predict how the variables of a pulley 

system are related. These answers and predictions were used to assess the participants’ 

understanding and confidence. Next, the FSS and the QCM were implemented to measure 

how the subjects perceive the learning process flow and whether they are motivated. While 

the FSS is based on 13 normative items focusing on the dimensions of flow and worry, the 

QCM is constructed out of 18 normative items measuring the facets of challenge, interest, 

probability of success and anxiety. These measurements are based on seven-point Likert scale 

items ranging from 1 = not agree at all to 7 = completely agree (Vollmeyer & Rheinberg, 

2006). Furthermore, elements such as “Time Spent Summary”, “App Overview”, and “Quiz 

Overview” were integrated into the learning environment to measure the participants’ 

metadata as exclusion criteria to limit bias and evaluate their performance. SPSS was utilised 

for the data analysis. 

Procedure 

 Once the participants signed up for the study, they were randomly allocated to one of 

the two conditions. They received a link to the learning environment, where they had to 

register with a username. Deception was used to ensure the results were not influenced by 

being aware of the conditions. The subjects were told that the focus of the study will solely be 

on inquiry learning in online systems. Furthermore, participants were informed that the 

experiment would take about 30 minutes, but as they could dictate their learning pace, it can 

take longer or shorter to finalise. After consenting to participate in the study, participants had 

to indicate their confidence level, answer five questions regarding prior knowledge and fill in 
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the items for the QCM. Once the opening questionnaires were finished, the actual inquiry 

learning process started. After finishing the inquiry learning process, participants had to 

answer ten open questions about the content. Additionally, participants had to rate their 

confidence level in knowledge regarding the subject in three normative items on ten-point 

Likert scales. Lastly, the participants had to fill in the QCM post-test and the FSS. After 

participants had finalised the questionnaires, they were informed about the deception used, 

and their responses were recorded and assessed. 

Data Analysis 

After the data collection, the data was reviewed in graasp.eu for strong outliers. The 

review led to 27 participants being excluded from the research due to the metadata, 

incomplete results or missing consent. The remaining participants’ data were manually 

transferred to SPSS and then analysed. The two conditions were assessed regarding their 

performance, confidence, flow and motivation difference. Before the main hypotheses were 

investigated, the data was examined regarding the statistical assumptions of fitting variables, 

independence of the observations, no strong outliers, normality and homogeneity of variances. 

Performance 

The answers to the practical problem, related areas and the knowledge post-test were 

evaluated for performance (see Appendix C). The questions regarding prior knowledge were 

not taken into consideration for the assessment. In total, ten open questions were assessed, 

and for each of the questions, the respondents’ answer was either coded as incorrect (0), 

partially correct (0.5) or entirely correct (1). The score for each question was then combined 

to calculate an overall performance score. Each participant’s answers were considered several 

times and re-evaluated to preserve reliability. Next, t-tests were run to establish norm values 

for the two conditions to compare if the gamification element significantly influenced the 

participants’ performance.  

Motivation 

 As motivation was measured before and after the study, the participants’ tendencies 

and changes in motivation were observed (see Appendix D). Participants indicate their current 

level of motivation by answering the QCM items of the facets: probability of success, anxiety, 

interest and challenge. At first, the scales were examined for significant differences in the pre-

test of the conditions. Based on the assumption that there is no significant difference before 

the start of the learning procedure, the differences between the two measurements were 

computed for each scale. Independent and paired sample t-tests were then used to observe 

potential significant discrepancies in the development between and within the conditions.   
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Flow 

For flow, the participants’ answers to the FSS were assessed (see Appendix E). As the 

scale was only measured once, the participants’ answers to the facets flow and worry were 

recorded after the subjects finished the study. Flow and worry were considered separately to 

comprehend and follow the participants’ perception of the learning process. The 

corresponding item scores for both elements were combined, and the mean value was 

calculated. By running independent sample t-tests, it was determined whether there was a 

significant difference in the perception of flow and worry in the two conditions, which could 

lead to variation in levels of immersion for the participants.  

Confidence 

For confidence, the participants had to indicate their confidence level in one normative 

pre-test item, three generated hypotheses and three normative post-test items (see Appendix 

F). All seven items ranging from scores between 1 and 10 were used to measure the trait 

confidence. The scores for the pre-test items and hypotheses were combined to gain a mean 

score before the study. The post-test items were also combined, and the mean was calculated 

for the score after the study. For the post-test, the third item’s coding had to be reversed, as it 

measured low confidence levels. By running independent sample t-tests for the pre-test, it 

could be assured that no significant prior difference between the groups exists. Based on this 

assumption, t-tests were utilised to compare the developments in either condition. 

Furthermore, paired sample t-tests were used to observe the development within either 

condition. 

Assumptions 

 The statistical assumptions to conduct an independent sample t-test were examined. 

Because the study is a between-subject design with deception use and participants only could 

take part in either condition, the assumption of independence of observations has been met.  

 As the independent categorical variable for the analysis is always the assigned 

condition and the dependent variables are the measured factors on continuous scales that are 

evaluated, the combination is suitable for an independent and paired sample t-test.  

 The data was scanned for extreme outliers to preserve reliability using boxplots. 

Several outliers have been found; for example, the pre-measurement in anxiety had five 

outliers deviating from the norm. For most other scales, there were no strong outliers. 

 Next, the data was investigated regarding the normal distribution of the dependent 

variables on the continuous independent variables. The Shapiro-Wilk test was considered to 

detect variables violating the assumption of normality. Overall, the test resulted in a 
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significance below the critical alpha value of 0.05 in four cases, leading to the rejection of the 

null hypothesis that there is a normal distribution. The confidence post-test, W (28) = 0.914, 

p = .025, and the worry test, W (28) = 0.908, p = .017, violated the normality assumption for 

the experimental condition. For the control condition, the anxiety pre-test, W (27) = 0.871, 

p = .003, and the challenge pre-test, W (27) = 0.923, p = .047, violated the normality 

assumption. As a result, the Mann-Whitney U test was introduced as a non-parametric 

measure to compare these dimensions. 

Results 

Performance 

The content of the open questions was recoded to scores and evaluated to compare the 

performance level between the two conditions. Participants could obtain a maximum of ten 

points. On average, participants in the gamification condition (M = 6.43, SD = 1.76) scored 

lower than subjects in the control condition (M = 6.74, SD = 1.78). However, the difference in 

performance between the gamified condition and the control conditions is not significant, 

t (53) = -0.65, p = .516. 

Motivation 

The QCM measurements before and after the experiment were considered for the scales: 

anxiety, challenge, interest and probability of success (Table 1).  

Before participation, the average level of anxiety in the gamified condition was slightly 

higher than in the control condition. The pre-test differences regarding anxiety were non-

significant, U = 367, p = .852. After participation, the average level of anxiety was merely 

lower in the gamification condition than in the control condition, but the difference between 

the developments in the conditions was non-significant, t (53) = - 0.47, p = .640. 

 The challenge level before participation was very similar between experimental 

condition and control condition, suggesting no significant prior differences, U = 388, p = .866. 

After engaging in the study, students in the experimental condition reported higher challenge 

levels than in the control condition. The differences in development between how challenging 

the tasks were perceived are non-significant, t (53) = 0.94, p = .353. When considering the 

development within the groups, no significant differences were found for the experimental 

condition, t (27) = 1.04, p = .307, but the control condition reported significantly lower 

challenge levels after the participation, t (26) = 2.58, p = .016. 

 Before taking part in the study, subjects in the experimental condition reported lower 

interest levels than in the control condition. The discrepancy in the pre-measurement is not 

significant, t (53) = - 1.16, p = .251. After the students took part in the study, this discrepancy 
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in interest was still recognisable, as subjects in the experimental condition were, on average, 

less interested than in the control condition. Regardless of the discrepancy in values, the 

differences in the development of interest have been determined not to be significant, 

t (53) = 0.06, p = .950. 

Lastly, participants in the control condition indicated their probability to succeed higher 

than in the experimental condition. The difference between the pre-measurements is not 

significant, t (53) = - 1.00, p = .323. After engaging with the learning environment, subjects in 

the control condition still reported a higher probability to succeed than subjects in the 

experimental condition. Nevertheless, when comparing the differences in the development 

between the two conditions, the data is non-significant, t (53) = -0.05, p = .960. 

 

Table 1 

Comparison of Mean Scores and Standard Deviations from QCM Measurement 

Condition Gamification Control 

 Before After Before After 

Anxiety 2.71 (1.25) 2.60 (1.13) 2.63 (0.82) 2.63 (0.99) 

Challenge 4.52 (1.10) 4.31 (1.07) 4.54 (0.84) 4.08 (0.74) 

Interest 3.81 (1.13) 3.74 (1.51) 4.18 (1.24) 4.10 (1.15) 

Probability to succeed 4.06 (1.17) 4.26 (1.38) 4.34 (0.89) 4.56 (1.21) 

 

Flow & Worry 

For the FSS, the facets flow and worry were considered separately based on the students’ 

responses after engaging with the learning environment (Table 2). On average, subjects in the 

gamified condition perceived higher flow levels than in the control condition. The difference 

between the perceived flow has been determined not to be significant, t (53) = 0.52, p = .605.  

Participants in the experimental condition have also indicated higher levels of worry 

than in the control condition. However, once again, the results suggest a non-significant 

relationship between the conditions, U = 350, p = .634. 

 

Table 2 

Comparison of Mean Scores and Standard Deviations from FSS Measurement 

Condition Gamification Control 

Flow 3.83 (1.08) 3.69 (0.91) 

Worry 2.35 (0.97) 2.17 (0.71) 
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Confidence 

The mean scores for confidence were compared before and after participants engaged 

in the learning environment to observe the development (Table 3). Subjects in the gamification 

condition were slightly more confident before participation than in the control condition. The 

deviation between the pre-scores was not significant, t (53) = 0.11, p = .912. After engaging 

with the learning environment, subjects in the gamified condition were still slightly less 

confident than in the control condition. However, when considering the development within 

each group, participants in the control condition, t (26) = -4.40, p <0.001, and in the 

experimental condition, t (27) = -3.63, p = .001, were significantly more confident about their 

knowledge at the end than in the beginning. Nevertheless, the difference between the conditions 

regarding its development has been determined not to be significant, U = 367.5, p = .980. 

 

Table 3 

Comparison of Mean Scores and Standard Deviations Confidence 

Condition Gamification Control 

Before 5.86 (1.53) 5.81 (1.90) 

After 7.11 (2.38) 7.28 (1.84) 

 

Time 

 Further examinations were done with the metadata produced directly through the 

learning platform graasp.eu. Several applications were integrated into the learning environment 

to measure and compare the conditions. Participants’ time spent on the application was recorded 

and indicated that students in the experimental condition (M = 39.61, SD = 16.59) spent more 

minutes on the task than students in the control condition (M = 36.89, SD = 12.54). The mean 

time difference between the condition is non-significant, t (53) = 0.68, p = .497. 

Discussion 

Implications 

 The primary aim of this study was to determine whether gamification in inquiry 

learning systems can positively affect higher education students' learning outcomes and 

motivation. Students' level of confidence and perception of flow was also considered.  

Motivation & Learning Outcome 

The first hypothesis regarding the learning outcome was rejected, as no significant difference 

has been found between the control and experimental conditions. In the second hypothesis 



 20 

considering the level of motivation, no significant differences have been found between the 

two groups, leading to the rejection of the hypothesis. However, one of the study's central 

findings is the development of the dimension of challenge within the conditions, as the 

control groups reported a significantly decreased level of challenge while the experimental 

group did not. The significant difference suggests that the integrated narrative elements in the 

gamified learning environment likely contributed to the perception of a challenge for the 

students and kept them engaged.  

The QCM pre-tests and prior knowledge questions indicate that participants in the 

control group were slightly more interested and estimated their probability to succeed higher 

than the experimental group before participation. Furthermore, the answers that some students 

made before the study to indicate their prior knowledge showed that several students were 

aversive to the subject and had negative associations with physics. Previous studies have 

shown that physics and other STEM subjects are suitable for the use of gamification (Chang 

et al., 2008; Kapp, 2012). However, the negative attitude of the participants towards the 

subject could impact the results to some extent. For several reasons, the average learning 

outcome was slightly higher for the control group. As the SDT states, autonomy, competence 

and relatedness are crucial factors in improving intrinsic motivation and performance in 

gamification (Kapp, 2012; Kam, 2018). The facets of the SDT are, to some extent, 

comparable to the dimensions of the QCM. For example, the probability to succeed and 

competence are both closely connected to the trust in own abilities. Besides, autonomy and 

relatedness are both relevant for how well the learners can immerse in the learning 

environment and influence whether the students consider the task challenging and interesting. 

In this case, the QCM dimension of anxiety is not fully applicable, as the students did not 

consider the task too pressuring based on their indications. The violation of the assumptions 

of homogeneity of variables and normal distribution was caused by the notably low response 

scores. The considerable overlap in the QCM results between the conditions suggests that the 

SDT dimensions of autonomy, competence and relatedness relevant to intrinsic motivation 

and learning outcome were not fully present in the gamification condition.   

Furthermore, the storyline was possibly not relatable for some students leading to 

problems immersing in the learning environment. Many other studies have integrated several 

gamification elements simultaneously (Kapp, 2012; Ortiz et al., 2016). This can lead to the 

participants perceiving the learning experience to be more thorough and better immersion. 

However, as Toda (2019a) states in the taxonomy, various gamification elements aim at 

different goals to achieve. When multiple elements are combined, it would be problematic to 
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isolate the effects caused by the elements. Nevertheless, introducing multiple, well-fitting 

gamification elements at once makes the students perceive the inquiry learning process as 

more thorough and leads to better immersion in the learning environment, which positively 

impacts learning outcome and motivation. 

Flow & Worry 

The third hypothesis regarding the flow perception was rejected, as the reported 

numbers only indicate minor discrepancies between the conditions. The reported answers on 

the FSS indicated that many participants scored extremely low on worry and consequently 

violated the assumption of normal distribution. Similarly to anxiety in the QCM, the FSS 

dimension of worry is likely to violate the assumption of normal distribution because 

participants did not have to worry about consequences in case of bad performance. Initially, 

the data collection was planned to be conducted in person. As the study was conducted online, 

it is still in question whether participants would have reported higher levels of worry and 

anxiety on average if the study had been conducted in person. The subjects might perceive the 

data collection to be more obtrusive and consequential. Several elements are crucial to allow 

the participants' perception of flow. For example, instant feedback could have likely led to 

higher reported flow levels (Sillaots, 2014). However, it was not possible to effectively 

introduce the element because of the online data collection. By integrating elements adhering 

to Csikszentmihalyi's flow conditions into the environment, students will likely engage with 

the material and report higher levels of flow with the tasks.  

Confidence 

Lastly, the fourth hypothesis related to the confidence level has been rejected, as no 

significant difference has been found between the conditions. However, the reported 

confidence level significantly increased throughout the study when considering the 

development within the conditions. Prior studies suggest that gamification can increase the 

participants' level of confidence (Kapp, 2012; Wan Hamzah et al., 2015). In this study, the 

level of self-confidence increased throughout the experiment; however, this was not caused 

by using gamification elements. Instead, it is more probable that the increase in confidence 

was caused by the explanations, simulation and scaffolding elements to introduce the 

concepts to the learners, which led to higher confidence in knowledge about the topic. 

Conclusion & Outlook 

Ultimately, none of the four main hypotheses examined in this study was significant. 

Although the main hypotheses examined in the study have been rejected, it is crucial to 

consider the background of these results to draw conclusions. Despite the results, gamification 
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is a promising strategy to introduce learners to diverse topics and have them engage in 

inquiry-based learning on the computer. Many students have reported increased motivation 

and better learning outcomes through gamification (Chapman & Rich, 2018; Kapp, 2012; 

Ortiz et al., 2016; Wan Hamzah et al., 2015). With further technological advances and 

additional research, gamification seems destined to facilitate learning processes in the future. 

Gamification in online inquiry learning systems might be time-consuming to create, design 

and implement (Kapp, 2012). However, after successful implementation, many learners can 

engage with the materials simultaneously regardless of location. By incorporating appropriate 

supporting elements into the online learning environment, students can be encouraged to self-

regulate their learning process (Devolder et al., 2012). Computer-based inquiry learning 

provides an added value as participants can self-regulate the learning process to fulfil their 

needs and receive tailored support and feedback. The pursuit of better and more efficient 

learning processes through technology implementation has been researched for many decades. 

According to McDonald (2021), inventions such as Skinners' Teaching Machine in the 1950s 

can be considered precursors for computer-based learning with the aim to provide individual 

support for students. The rich history of developed learning tools displays the constant 

importance of innovation regarding efficient learning procedures. Still, there is a lot of 

optimisation and consideration needed to consistently implement effective gamification 

elements.  

Limitations & Recommendations for Future Research 

Gamification leads to many challenges in design, as the learning environment has to 

fulfil the needs of the participants and therefore, it has to be closely considered in the design 

and implementation process of the learning environment. In most cases, ineffective use of 

gamification can be attributed to the implementation of the elements (Kim, 2015; Mekler et 

al., 2017). According to Kapp (2012), a team working on gamification in learning and 

instruction usually contains at least five members, including a project manager, artist, game 

designer, programmer and expert in the domain. Thus, each expert can focus on their primary 

task and collaborate with the other experts to create a thorough learning environment. The 

research team in this study was relatively small in comparison and led to several challenges in 

the creation process.  

Another vital consideration is the time that participants spent in the learning 

environment. Despite the timely difference between the conditions not being significant, on 

average, subjects in the gamified learning environment took more time to finish the study. 

When comparing the time spent in the environment with other studies related to gamification 
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in STEM, it stands out that the most effective studies were longitudinal studies over multiple 

weeks and often up to one semester (Ortiz et al., 2016). Throughout this study, some 

significant differences between the conditions were already recognisable, for example, the 

QCM score development within the perception of challenge. If the scope of the study was 

more extensive and participants had to spend more time in the environment, other more 

significant differences between the conditions would likely emerge. 

For the QCM, FSS and the level of confidence normative items were introduced. As 

the items can only indicate the participants' perception and cannot be measured objectively, 

the data might be at risk for social desirability. In many cases, when self-reporting is utilised, 

participants feel the need to present themselves in a favourable image to fit in (van de Mortel, 

2008). Therefore, it is possible that the participants' actual perception of motivational factors, 

flow and confidence is, to some extent, skewed in the reported scales. As most participants 

completed the learning environment after using their real name as the nickname in the system, 

the subjects might have reported dishonest values for items they considered controversial. By 

controlling for social desirability in the questionnaires, risk for bias can be strongly reduced. 

 One factor to consider is the division of participants into the conditions. As the 

subjects were randomly allocated to their condition, proportionally more female participants 

were in the experimental condition than in the control condition. When evaluating the scores, 

it was recognised that many females scored lower than the average for confidence and 

performance. The unequal distribution among the conditions might lead to the displacement 

of the accurate population scores. Most previous research indicates that the effectiveness of 

gamification does not depend on age or gender (Chapman & Rich, 2018; Kapp, 2012). Due to 

the utilised non-probability sampling method in this study, the results must be considered 

cautiously and should not be generalised, as the population of higher education students is 

likely not sufficiently represented. For further research, it is advisable to introduce matching 

of participants to the conditions based on the study field and the prior knowledge of the 

participants to minimise the prior differences and their effects on the scores. 

These considerations connect to the statement by Hays in 2005 that it is crucial not to 

directly generalise the findings based on one topic and learning group. There is a large 

number of different gamification elements that can be integrated into the learning 

environment aiming at various goals, topics and target groups. In this study, the focus of the 

gamification element was classified as a storyline, which is considered a fictional element in 

the taxonomy (Toda et al., 2019a). Therefore, the gamification use might have been more 

effective if an element from another category in the taxonomy had been introduced, for 
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example, performance, personal or social. Thus, the different effects of gamification elements 

are still in question and should be considered in research in the future.  

The focus of the learning environment was on physics, as it is well suited for inquiry-

based learning. Recent studies compared in a literature review have examined various STEM 

subjects among higher education students and were mostly considered effective (Ortiz et al., 

2016). Further research will be necessary to determine whether gamification is useful when 

integrated into other domains and which gamified elements are most effective in improving 

the students’ learning process.  
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Appendix A 

Screenshots from Experimental Condition 

Figure 1 

Orientation Phase in the Experimental Condition 

 

Figure 2 

Demonstration Phase in the Experimental Condition 
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Figure 3 

Combination Phase in the Experimental Condition 

 

Figure 4 

Investigation Phase in the Experimental Condition 
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Figure 5 

Simulator in Investigation Phase in the Experimental Condition 

 

Figure 6 

Conclusion Phase in the Experimental Condition 
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Figure 7 

Discussion Phase in the Experimental Condition 
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Appendix B 

Screenshots from Control Condition 

Figure 8 

Orientation Phase in the Control Condition 

 

Figure 9 

Demonstration Phase in the Control Condition 
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Figure 10 

Combination Phase in the Control Condition 

 

Figure 11 

Investigation Phase in the Control Condition 
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Figure 12 

Simulator in Investigation Phase in the Control Condition 

 

Figure 13 

Conclusion Phase in the Control Condition 
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Figure 14 

Discussion Phase in the Control Condition 
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Appendix C 

Items used for Measurement of Learning Outcome 

Item 

Number 
Item Measurement Condition 

1. What are the first words that come to mind, when 

you think about physics? 

Pretest Both 

2. What do you know about pulley systems? Pretest Both 

3. Which unit is used to measure physical force? Pretest Both 

4. Can you name essential components for an 

effective pulley system? 

Pretest Both 

5. What suggestions can you give to Laura to move 

her belongings inside the new flat? 

Posttest Experimental 

5. What do you need to consider to successfully lift 

the object? 

Posttest 

 

Control 

6. Would Laura succeed to lift up the couch all the 

way? Explain, how you came to your conclusion. 

Posttest Experimental 

6. Would you succeed to lift up the object all the 

way? Explain, how you came to your conclusion. 

Posttest Control 

7. Name at least three examples, in which pulley 

systems are used to facilitate work. 

Posttest Both 

8. What do you know about pulley systems? Posttest Both 

9. Which unit is used to measure physical force? Posttest Both 

10. Can you name essential components for an 

effective pulley system? 

Posttest Both 

11. What is the effect of the pulley diameter size? 

 

Posttest Both 

12. How is the pulled rope length related to the 

height lifted? 

 

Posttest Both 
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13. How can the required force be calculated? Posttest Both 

14. Which system is more effective? The double 

fixed or the double compound system and how 

big is the difference in efficiency? Why? 

Posttest Both 

Note. Participants answered the open question spread across multiple phases.  
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Appendix D 

Items used for the Questionnaire of Current Motivation (QCM) 

Item 

number 
Item 

Dimension of 

Motivation 

1. I like to partake in experiments. 

 

Interest 

2. I think I am up to the difficulty of this task. 

 

Probability to succeed 

3. I probably won’t manage to do this task. 

 

Probability to succeed, 

recoded negatively 

4. While doing this task I will enjoy playing the role of a 

scientist who is discovering relationships between 

things. 

Interest 

5. I feel under pressure to do this task well. 

 

Anxiety 

6. This task is a real challenge for me. 

 

Challenge 

7. After having read the instruction, the task seems to be 

very interesting to me. 

Interest 

8. I am eager to see how I will perform in the task. 

 

Challenge 

9. I’m afraid I will make a fool out of myself. 

 

Anxiety 

10. I’m really going to try as hard as I can on this task. 

 

Challenge 

11. For tasks like this I don’t need a reward, they are lots of 

fun anyhow. 

 

Interest 

12. It would be embarrassing to fail at this task. 

 

Anxiety 

13. I think everyone could do well on this task. 

 

Probability to succeed 

14. I think I won’t do well at the task. 

 

Probability to succeed, 

recoded negatively 
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15. If I can do this task, I will feel proud of myself. 

 

Challenge 

16. When I think about the task, I feel somewhat 

concerned. 

 

Anxiety 

17. I would work on this task even in my free time. 

 

Interest 

18. I feel petrified by the demands of this task. 

 

Anxiety 

Note. Participants indicated their motivation on a seven-point Likert scale.  
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Appendix E 

Items used for the Flow-Short-Scale (FSS) 

Item number Item Dimension  

1. I feel just the right amount of challenge. Flow 

2. My thoughts/activities run fluidly and smoothly. Flow 

3. I don’t notice time passing. Flow 

4. I have no difficulty concentrating. Flow 

5. My mind is completely clear. Flow 

6. I am totally absorbed in what I am doing. Flow 

7. The right thoughts/movements occur of their own accord. Flow 

8. I know what I have to do each step of the way. Flow 

9. I feel that I have everything under control. Flow 

10. I am completely lost in thought. Flow 

11. Something important to me is at stake here. Worry 

12. I won’t make any mistake here. Worry 

13. I am worried about failing. Worry 

Note. Participants indicated their flow and worry perception on a seven-point Likert scale.  
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Appendix F 

Items used for Measurement of Confidence 

Item Number Item Measurement 

1. I am confident in my knowledge about pulleys and their 

effectiveness. 

Pretest 

2. Students generate own hypothesis with scratchpad tool. Pretest 

3. Students generate own hypothesis with scratchpad tool. Pretest 

4. Students generate own hypothesis with scratchpad tool. Pretest 

5. I know how to use a pulley system. Posttest 

6. I am confident in my knowledge about pulleys and their 

effectiveness. 

Posttest 

7. I am still in doubt, if I understood what pulleys are used 

for. 

Posttest 

Note. Participants indicated their confidence on a ten-point Likert scale.  

 

 

 

 

 

 

 

 

 

 


