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ABSTRACT 

Despite some ongoing debates over the positive or negative impact of digital games, 

educational games are powerful tools to increase engagement and improve learning outcomes. 

Scientific concepts about the weather are complicated for younger learners and deep learning 

often requires long-term cultivation.  This thesis presents a novel interactive educational 

simulation called the Science of Meteorology with Interactive Learning Experience (SMILE). In 

it, students interact with a touchscreen monitor to change weather conditions and learn about 

clouds and weather science. The relationship between engagement and learning outcomes and 

the effectiveness of the experience is evaluated using a formal user study. Online data 

collection was completed after IRB approval during the summer of 2020 with 23 students 

between the ages of 8 and 12. Student knowledge of clouds and weather science was tested 

via 12 related questions before playing with SMILE. Furthermore, the impacts of the designed 

simulation on engagement level were evaluated by the Game Engagement Questionnaire 

(GEQ), including 19 questions developed by Brockmyer et al. (2009). This study showed a 

significant improvement in student knowledge where the average of test scores increased 57% 

for the post-test. The findings show that GEQ needs some modification to measure engagement 

in different game genres and for different age ranges.  
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CHAPTER 1: INTRODUCTION 

Digital games and simulations are popular in the field of education. Educational games 

are already integrated into the traditional education process, for better or worse (Carolyn M. 

Plump, 2017; M.Connolly, A.Boyle, MacArthur, Hainey, & M.Boyle, 2012). Research on the 

benefits of using educational games and simulations has focused on the impact on learning 

outcomes, motivation, and engagement. This thesis documents the creation of a novel 

interactive experience that presents a model of natural phenomena and an evaluation of its 

impact on learning and engagement (M. O. Riedl & V. Bulitko, 2013). This work builds on and 

examines related work in serious games, educational games, and educational simulations.  

School systems face a lack of student engagement in learning environments. Using 

educational games and new technologies in the classroom has shown an increase in student 

engagement (Kim et al., 2017; E. Skinner, Furrer, Marchand, & Kindermann, 2008).  Research 

involving engagement in interactive experiences has also shown a positive impact on outcomes 

in games with learning systems (Li, Lemieux, Vandermeiden, & Nathoo, 2013). As a result, 

school systems are considering games as educational applications to enhance engagement and 

improve learning outcomes (Khan, Ahmad, & Malik, 2017). 

Educational Simulations 

An educational simulation is a computer simulation created to simplify and accelerate 

learning (Jimoyiannis, 2009). For over five decades, there has been interest in studying the 

effects of simulations and games in educational contexts. Educational digital games and 

simulations have been used for teaching essential skills such as critical thinking, understanding 

science, and mathematics. However, introducing an exact framework that evaluates the 
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efficiency of games and simulations in particular learning contexts is not easy (Freitas, 2018). In 

a blended learning method, students learn content using both traditional and online learning. 

Gamification works best in a blended learning method that is integrating games into non-game 

contexts. Learning, whether traditional or a blended one with games, is a cognitive process, and 

if this process does not occur correctly, then the learner will not acquire the knowledge. 

Klabbers (2009) reported how the usage of many definitions and terminology about different 

types of games, simulations, and simulation games has led to “terminological ambiguity.” 

Although they all have a broad meaning, in this thesis, “simulation” describes a scenario-based 

environment to allow students to interact with, learn from, or apply their previous knowledge 

(Angelini, 2016).  

Technology-Enhanced Learning (TEL) is a broad category of techniques and strategies 

that is used to describe the effects of games and simulations on learning outcomes.TEL 

describes techniques educators are leveraging such as videos and interactive learning tools in 

different areas including training, simulations, and health education (Nicoll, MacRury, Woerden, 

& Smyth, 2018); teacher training (Kenny & Mcdaniel, 2011; Räsänen, Laurillard, Käse, & Aster, 

2019); and school education (Hainey, Connolly, Boyle, Wilson, & Razak, 2016). Through TEL, 

teachers can find more creative and engaging ways to teach science (Eleni A. Kyza & 

Tiberghien, 2009). Educational games and simulations can be powerful tools to teach science 

(Sengupta & Clark, 2016). This study aims to demonstrate one potential application of TEL 

using an interactive simulation to teach weather science.  

Engagement and Learning Outcomes from Simulations / Games 

Several studies investigated the effects of serious games and simulation on learning 

engagement. Quinn (2005) reviewed how to make learning more efficient. He used the term 
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“engagement” for any situation where the learner has fully focused attention on a particular task 

(Quinn, 2005). Student disengagement is also a serious and pervasive problem. Based on the 

work done by the Organization for Economic Co-operation and Development (OECD), one of 

the most important challenges facing the education system is student disengagement at schools 

(OECD, 2016). They define disengagement as a stage that students withdraw from the school 

because they are not engaged to the learning process and feel that they do not belong to 

school. Disengaged students do not cognitively involve in learning. Their latest assessment in 

2015 focused on science, mathematics, and reading. Regarding science learning, they wrote 

about the need for students to develop an understanding of science and “think as scientist” 

through being able to conclude by evaluating evidence. To help students get to this point, 

education systems should use interactive tools and serious games (Gurria, 2015). Based on 

research on how students learn when using Physical Education Technology (PhET) interactive 

simulations, students are more easily engaged and explore science topics with unfamiliar 

science concepts (Honey & Hilton, 2011; PhET, 2019). Overall, the research has shown that 

simulations are a promising area of research. SMILE, described in Chapter 3, is an example of 

an interactive simulation targeting young students to learn about weather science. .  

Learning and Engagement  

One of the reasons many students prefer playing games rather than studying is because 

studying can be tedious. Studying that relies on extrinsic motivation are weak and may be 

detrimental in the long-term (Bénabou & Tirole, 2003). Adding game activities in studying is 

effective because the desire to interact involves intrinsic, rather than extrinsic, motivation 

Engaged students experience intrinsic motivation (Adams, Reid, et al., 2008) Game-Based 

Learning (GBL) provides opportunities for students to have fun achieving learning outcomes. 
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Research concentrated on using games to enhance motivation, improve engagement, and 

develop student science understanding. Well-designed digital games proved successful in 

building a conceptual understanding of science (Lieberman, Fisk, & Biely, 2009) and gain 

knowledge (Paras, 2005). (Kebritchi, 2008; Linke, Kothe, & Alt, 2017; Mark Prensky, 2003) For 

understanding science knowledge, engaging in critical thinking, and developing problem- skills, 

not enough (Beatty & Schweingruber, 2016). Deep learning needs engagement in learning 

activities. If students are given the chance to apply a simulated phenomenon that they learned 

theoretically, they will understand how things work in reality, leading them to a deeper 

understanding of the learning process. The simulation games are structured to present a 

challenge of a scientific phenomenon and to engage students to solve the challenge (Sengupta 

& Clark, 2016). In the context of games, there are many ways to measure students’ engagement. 

Game Engagement Questionnaire (GEQ) is a self-report survey to measure engagement at 

different levels in video game playing (Brockmyer et al., 2009). Find GEQ along with the details 

about its four constructs, flow, presence, absorption, and immersion in Chapter 2. 

SMILE 

This thesis presents the design and evaluation of a novel interactive educational 

simulation of weather conditions for elementary school children. The application, “Science of 

Meteorology with Interactive Learning Experience” (SMILE), is an interactive digital simulation 

where students interact with a touchscreen to change weather condition factors and see the 

results. For example, they can learn that high humidity may affect rain in specific conditions and, 

if the temperature is low enough, and the conditions where rain changes to snow. For details on 

the design and development, see Chapter 3.  
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Design Criteria 

Game design is a pedagogical strategy that focuses on broad areas such as introducing 

a concept, promoting learning, and designing authentic, meaningful, and engaging tools. When 

discussing game design for learning activities, goals include improving knowledge, motivation, 

and engagement in the learning process (Vos, Meijden, & Denessen, 2011). Part of this 

research focuses on identifying which design characteristics help students engage and learn. 

The design of SMILE was informed by proven research for creating highly engaging and 

effective learning.  

The primary goal of this thesis was to build an educational simulation experience using 

best practices and design. The secondary goal was to evaluate whether this educational 

simulation was effective in delivering learning outcomes while maintaining student engagement. 

Based on the preliminary results, the author believes more interactive experiences like SMILE 

should be created and evaluated with a larger population. 

Statement of the Problem 

Millions of people routinely obtain basic information about the weather through apps on 

their phones, local TV channels, the National Weather Service, or (Lazo, Morss, & Demuth, 

2009; Phan, Montz, Curtis, & RiCkenbaCh, 2018)(Lazo, Morss, & Demuth, 2009; Phan, Montz, 

Curtis, & RiCkenbaCh, 2018). Knowing about the local weather is a crucial topic for many 

people and this shows in its emphasis in the K-12 science curriculum. In their science courses, 

students learn about the water cycle, the elements of cloud formation, and other hydrological 

phenomena. However, past research has shown that early learners often struggle (Barrutia, 

Ruiz-González, Domingo Villarroel, & Diez, 2019; Maleus, Kilas, & Kruus, 2016; Villarroel & 
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Ros, 2013). A plethora of studies have also examined the knowledge and misconceptions in 

different (Zhang, Chen, & Ennis, 2017) science such as physics (Pundak, Liberman, & 

Shacham, 2017), astronomy (Barke, Hazari, & Yitbarek, 2009), chemistry (Luebeck, Roscoe, 

Cobbs, Diemert, & Scott, 2017), mathematics (Luebeck, Roscoe, Cobbs, Diemert, & Scott, 

2017) for young learners. Moreover, research has shown how students have difficulties learning 

some conceptual phenomena in physics and earth science (Vosniadou & Skopeliti, 2017) some 

conceptual phenomena in physics and earth science. Misconceptions in the weather and 

formation of clouds and precipitation are widely reported (Barrutia et al., 2019; Kikas, Karken, & 

Malleus, 2017; Salter, Nguyen, & Lankford, 2016). Understanding the weather and cloud 

formations is one of the earliest abstract concepts to be introduced to children and is related to 

a wide range of knowledge. Misconceptions become increasingly significant when children build 

up their knowledge based on missing or incorrect understandings. Thus, it is essential to help 

children to have a strong conceptual understanding of the science of weather. 

Motivation 

This thesis presents a educational simulation to help students enjoy the process of 

learning. There are some games and interactive online activities explaining the formation of 

clouds and precipitation. However, no published experience focuses on the relationship 

between humidity and temperature in cloud formation and precipitation in the way presented in 

SMILE. This thesis documents a novel interactive digital experience relating humidity and 

temperature at different altitudes to cloud formation. SMILE provides a strong example of the 

way an educational simulation can keep younger students engaged while learning and having 

fun. This thesis presents an interactive experience for elementary students and evaluates the 
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changes in their understanding of the associated weather concepts. It also measures 

engagement as a principal factor in learning. 

Hypothesis and Research Questions 

This research study focuses primarily on quantitative data, supplemented with 

questionnaires, and surveys. Pre- and post-test surveys check participant’s knowledge before 

and after interacting with SMILE. Their score represents the participant knowledge gains on the 

subject of weather and cloud topics after interacting with SMILE. 

The following research questions examine the relationship, if any, between the impact of 

the designed simulation on student engagement as measured by Game Engagement 

Questionnaire (GEQ) and individual learning achievement. Correlation testing is used to 

address two research questions and two hypotheses. 

Research question 1: Does SMILE produce any statistically significant impact on student 

engagement as measured by GEQ? 

Research question 2: Is there any statistically significant impact by SMILE on student 

learning achievement? 

Hypothesis 1: There is a statistically significant improvement in learning outcomes from 

pre-test to post-test. 

Hypothesis 2: There is a positive correlation between learner engagement, as measured 

by GEQ, and the knowledge gains of a student in the topic after interacting with SMILE. 
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Assumptions, Limitations, Scope and Delimitations 

This study examined the effects of the specific simulation, designed by the author, on 

student engagement and learning achievement. We collected survey data from fourth and fifth-

grade elementary school students in Florida in the summer of 2020. Based on limitations by the 

nature of the quasi-experimental research, the results do not stand up to precise statistical 

scrutiny. This study's primary assumption was based on how students are equal in terms of their 

engagement before starting the interactive experiment. Consequently, this study's findings do 

not generalize, but instead provide promising preliminary evidence. A follow-up project could 

employ the methods described in this thesis in a future study with a broader audience.   

Chapter Summary 

Chapter 1 introduces the study, the statement of the problem, and the purpose and 

significance. Chapter 2 contains a review of current research examining simulations and 

interactive experiences to enhance student engagement, focusing on educational experiences 

that help students learn more effectively while also enjoying interacting with simulations. The 

review of existing literature looks at the factors that influence engagement and the ways to 

measure it. Examples of similar simulations on related topics are also included. Chapter 2 

details the artifact, SMILE, and the process used to develop and prototype it. Chapter 3 explains 

all design aspects of SMILE. Chapter 4 details the evaluation of SMILE, including the 

questionnaire design, participants, pilot study, and the test plan with its results and limitations. It 

also mentions the preference of this design over similar games and simulations in the same 

field. Chapter 5 reports the results and discusses the hypothesis and research questions in this 
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study. The chapter ends with the implications of the thesis findings and suggestions for future 

research.  
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CHAPTER 2: LITERATURE REVIEW 

Identifying games and simulations used in education are complex. There are many ways 

to classify games as educational, serious, and entertainment. Serious games are increasingly 

being used in education. Interest in studying applications for serious games in education has 

increased in the past decade alongside the increase in the popularity of digital games in society. 

Research about the effectiveness of game-based learning (GBL) is on various domains such as 

math (Kim et al., 2017), science (Aghababyan, 2014), and biology (Sadler, Romine, Stuart, & 

Merle-Johnson, 2013). Although there is abundant research pointing out how game-based 

learning increases student motivation, some studies have failed to find positive effects of game-

based learning and student achievement (Chu, 2014). This chapter focuses on the importance 

of games in education and game-based learning and reviews research about game design in 

educational simulations.  

Serious Games in Education 

Zimmerman and Salen defined games as consisting of both rule-based play and 

voluntary activity (Salen & Zimmerman, 2004). The application of games to other domains 

continues to grow in tandem with interest in learning games and educators use them as a tool to 

enhance student academic performance and engagement (Gee, 2008). Despite early research 

focusing on the negative impact of computer games such as depression, addiction, and violence 

(Merhi, Faugloire, Flanagan, & Stoffregen, 2007), several researchers have examined the 

positive potential of gaming on users (Connolly, A. Boyle, MacArthur, Hainey, & Boyle, 2012) 

such as supporting learning activity (Foster, Sheridan, Irish, & Frost, 2012), encouraging 
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participation in the class (Denny, 2013), and increasing student motivation to learn (Domínguez 

et al., 2013). 

One type of serious game is designed to deliver educational content in a game-based 

environment. Abt (1970)established the term serious game in his book of the same title. He 

defines a serious game as a play activity with an educational purpose, not just amusement. 

Since then, there have been many changes in game design and development. The current 

definition of serious games appears to follow the lead set by Michael and Chen (2005) of any 

game without a primary purpose of entertainment, enjoyment, or fun. Suits (2014) defines 

playing a game as engaging in an activity with some rules. This perspective is also popular with 

game developers and educational content developers as well. This thesis adopts Suits definition 

of game as SMILE is designed to engage players in a rule-based activity, even if it does not 

include formal win conditions. SMILE could also be considered a casual creator application, as 

the interactions with the experience are intrinsic and exploratory, though the author focuses 

primarily on the relationship of the design and evaluation to educational and serious games as 

they are more common in the literature. 

Game-Based Learning  

Game-based learning (GBL) is a type of game play aimed at a learning context. Prensky 

(Marc Prensky, 2003) uses the term “digital game-based learning” to define a game combined 

with curricular contents. It is designed to teach learners knowledge they can apply in real-world 

scenarios. The challenge and engagement aspects of games, in particular, can have a 

significant effect on learning (Hamari et al., 2016). Whether it is fully or partially integrated into a 

classroom, game-based technologies are a useful tool to support teaching, learning, and 
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evaluation. Students learn faster when they are active participants (Carolyn M. Plump, 2017; C.-

C. Chang, Liang, Chou, & Lina, 2017). 

Games add a fun factor in learning environments and can significantly improve learning 

performances. This fun factor tends to motivate and encourage learners to participate in the 

learning process. Koster (2013), in A Theory of Fun, writes, “It is the act of solving puzzles that 

makes games fun. In other words, with games, learning is the drug” (Koster, 2013). Following 

this logic, as long as the players' brain is busy with the game, they will desire to continue the 

game. This logic is also applicable beyond games to other forms of interactive applications. If an 

interactive experience can keep students engaged, it will encourage the learner to continue 

learning.  

Some studies have reported a direct link between the fun factor and learning (Connolly 

et al., 2012). In a study on Kahoot, a game-based quiz platform, Wang (2015) showed that most 

students agreed that the fun factor motivates them to learn. Other researchers have focused on 

adding fun factors in serious games. They believe having more fun promotes motivation, and 

the outcome will naturally enhance learning performance (Shi & Shih, 2015). There are two 

fundamental factors of interaction in serious games: fun or pleasure and learning. In other 

words, serious games can bring fun to the classrooms, and the result is more learning in a fun 

environment (Huynh-Kim-Bang, Wisdom, & Labat, 2010).  Game design patterns are practical 

design choices that are applicable in all types of games (Bjork & Holopainen, 2004). An effective 

educational game promotes learning as an educational aspect and is fun to play as a game 

aspect. Implementing a methodological framework for developing these games is a bridge 

between the learning and teaching functions and game design patterns (Flores, Paiva, & Cruz, 

2020). In some patterns, the learners may have fun at the end of the activity but not learn what 

was expected. This problem appears when the designer focuses only on interactive elements to 
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motivate users. Some marketing games are good examples in this category such as Bejeweled, 

Among us, and Overcooked. The solution is using a game-based learning blend pattern where 

the user learns more than a simple, fun message (Ecker, Müller, & Zylka, 2011). A game-based 

learning tool must address specific educational objectives. Previous studies have shown that 

the average student’s grade in a game-based environment is higher than the non-game-based 

one, and students often learn more and faster (Hess & Gunter, 2013). 

Designing digital interactive learning experiences means creating a balance between 

learning and engagement. Too much fun or too little learning and the educational tool is not 

successful. On the other hand, serious education can be tedious, especially for elementary age 

students, and it is often difficult to capture their attention for long periods of time. However, 

since children often spend hours on games, using them to help students concentrate can be 

useful. Students also do not like playing games where learning is the explicit goal. This is why 

having a design framework for serious games or simulations is critical in creating successful 

educational games (Rooney, 2012; Zhu, Pei, & Shang, 2017). 

 Serious Game Design 

How to design serious games is a topic worthy of discussion. Many researchers aim to 

connect the dots between games and learning. Among many conduction research in this area, 

the author focuses on the deep learning properties of good games by Gee (2009). Gee defines 

six properties of good digital game design for promoting learning. The first property focuses on 

how goals and problem-solving systems give players emotional attachment to the games they 

play. In general, players want to explore a game's rules to accomplish goals. From this point of 

view, games are about problem-solving and often self-interest. Some games also focus on 

winning or losing. In these types of games, players get personally and emotionally committed to 
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accomplishing their goals. This is also a useful feature in serious games where they can 

encourage cognitive flexibility in a risk-free decision-making environment. Serious games can 

also use this property in a design focused on real-world or daily events (McGonigal, 2011). The 

second property defined by Gee (2009) concerns how micro-control creates a feeling of 

influence. Affecting the movement, action, or any other element in the game is categorized as 

micro-control for the player. Considerable research on the brain has shown how micro-control 

can have a stimulating and important effect on humans (Clark, 1997). Gee’s third property 

involves experimental learning opportunities. Through experiencing a situation in a game, a 

player can be better prepared for future problem-solving outside of it. However, the experiences 

players have through the game have to be meaningful and allow reflection. A useful experience 

is one where the player can consider the experience and its context through thinking through 

the reasons it happened. Good games also help learners to think strategically and give 

feedback during each step of the experience. The fourth property by Gee (2009) is how player 

ability must match the actions they are performing. Players should feel challenged by some 

aspect of the game they are playing. The fifth property is the need for the game to model a 

combination of the real-world and how parts are simulated. It is crucial for learning to allow a 

player to view and understand the relationship between the abstract nature of the model and 

how it is simulated in the game. Finally, the sixth property from Gee (2009) is allowing a player 

to devise and enact different strategies in the game. This matches the work done by (Shute & 

Ke, 2012) in examining how embedded assessment can work alongside a player and adjust the 

difficulty to match the strategies the player develops as they play. The author implements these 

properties powerfully into the design of SMILE.  

Yerkes and Dodson (1908) created an inverted-U model to describe the relationship 

between pressure and performance as it influences engagement. According to their model 
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(Error! Reference source not found.), the best performance is achieved when people 

experience a moderate difficulty level. Too much or too little pressure negatively affects 

performance and engagement. (Schell, 2008) has used this model in his book The Art of Game 

Design to describe the relationship between game difficulty, too. He discusses how players 

should feel a similar amount of pressure (difficulty) in completing tasks in a game. 

 

Figure 1: Inverted-U Model. Retrieved from "The Relation of Strength of Stimulus to Rapidity of 
Habit‐Formation" by Robert Yerkes and John Dodson. Published in the Journal of Comparative Neurology 

(1908). Work now in the public domain 

Using Touch Devices as Educational Tools  

More young children are using touchscreen devices than ever before. Children are 

increasingly familiar with tactile devices as they are common not only as communication but 

entertainment devices in households. Multiple studies have also shown the potential of mobile 

technology and touchscreen devices for K-12 education (Derick Kiger, 2012; Jenny Eppard, 

2016; Min Liu, 2014). Touchscreen devices such as iPads, tablets, and smartphones have 

become very common among US households (Rideout, 2016). Table 1 shows the results of a 

recent study measuring the time spent per device on each media activity for young children 

(Rideout, 2017). 

 

https://onlinelibrary.wiley.com/doi/10.1002/cne.920180503
https://onlinelibrary.wiley.com/doi/10.1002/cne.920180503
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Table 1: Average Daily Time Spent on Media Activities. Retrieved from "Evolution of Media Use 
by Kids Age 8 and Under 2011-2017," 2017 

Watching TV/DVDs/videos   1:29  

Tablet  :56  

Smartphone  :48  

Computer  :31  

Video game console   :28  

iPad/iPod Touch   :27  

Handheld gamer  :07  

CD player  :04  

E-reader   :02  

Total screen media   4:36  

 

Touchscreen devices are increasingly used in K-12 classrooms. Science classes often 

feature some forms of computers or touchscreen devices for greater student accessibility 

("National Academies of Sciences, Engineering, and Medicine," 2019; Simba Information, 

2016). Students may use these tools for classroom learning, developing models and 

simulations, watching science videos, or playing educational games designed to explain 

different phenomena. Such devices frequently play a role to enhance performance in specific 

education areas to improve academic, daily living, social, and communication skills. Although 

some research has shown negative effects of using some touchscreen devices such as mobile 

phones on education (Ting, 2012) because of the small screen and limited input options, there 

is plenty of research to show valuable ways of using these tools to improve collaborative 

learning (Viloria, Lezama, & Cabrera, 2020). Researchers at Victoria University of Wellington (S. 

Gould, Gilbert, J. Pike, & J. Menzies, 2018) use big touch screen monitors to transform a 
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traditional anatomy lab into a corroborative learning environment to assist students’ learning. 

Cavus and Ibrahim (2017) described how an interactive application developed for touchscreen 

devices helped teach English as a second language through a focus on improving learning skills 

such as vocabulary, pronunciation, listening, and comprehension. Multi-touch tablets also 

provide children an opportunity to work individually or in a group and share the results with their 

peers. Tabletop interfaces were used for digital storytelling purposes to enhance collaboration, 

creativity, and social interaction (Alofs, Theune, & Swartjes, 2011; Alves, 2010). A recent study 

evaluated the use of a digital interactive globe system in an Earth science class. These findings 

demonstrated that engaging the user with hands-on-experience enhanced their understanding 

of the presented concept (Liou, Bhagat, & Chang, 2018). Many schools also allow students to 

use hand-held touchscreen devices in the classroom as learning tools ("New Schools 2018-19," 

2018). This technology is an opportunity for students to engage and interact with what they are 

learning (Angeles, 2015). Touchscreen monitors are used not just at schools but also in the 

museums, too (Block et al., 2015; Roberts et al., 2018). Touchscreen devices encourage both 

children and adults to engage more with scientific concepts. 

Fun Element in Design 

The fun element in Games-Based Learning (GBL) comes from virtual characters, 

environments, narratives or storyline of the game, and their related challenges (Jabbar & 

Felicia, 2015).  Providing an interactive learning game environment that can be explored by the 

player and integrating multimedia assets, such as sounds, graphics, and animations are critical 

to motivate learning (Ahmad, Rahim, Osman, & Arshad, 2019). Learners also enjoy making 

mistakes through experiments in a risk-free environment. A beneficial GBL application draws 

the learner into a virtual environment that looks and feels familiar and relevant. An educational 
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game can be a continuous activity or simulation in real life. Because the simulation resembles 

reality, the learner engages with it more. 

Some studies have reported no relationship between narrative and learning achievement 

(Huizenga, Admiraal, Akkerman, & Dam, 2009). Filseckera and Hickey (2014) used a narrative 

scenario in a GBL environment for the game Quest Atlantis (QA). It included aspects of learning 

and motivation in a gaming environment. The user can make a virtual person and interact with 

other users or mentors in social interactions. QA also acted as a narrative toolkit. However, 

studies did not show any additional or deeper engagement with the learning progress because 

of the game's narrative aspect (Filseckera and Hickey, 2014). Another study analyzed the game 

design of physics games to find a methodology and design guide for making educational 

games. Echeverria et al. (2012)compared the effects of narrative elements through a 

comparison of knowledge acquired by two groups of students playing the game with and without 

the narrative element. They did not find any significant difference in the result between the two 

groups (Echeverria et al., 2012). However, the definition of narrative is not the same for all 

projects. Since this study includes an interactive experience, its narrative definition comes from 

interacting with the learning experience itself. This form of narrative in a digital learning 

experience comes from the use of storytelling with structure learning. In other words, storytelling 

can direct the learner to make decisions that shape the consequences of the story (M. O. Riedl 

& V. J. A. M. Bulitko, 2013). The simulation presented in this study does not use explicit 

narrative, but it does use choices as part of its overall storytelling as part of its simulations. 

Challenge is another aspect of the fun factor that is associated with difficulty. Challenge 

is a task or a problem that the difficulty of that depends on the player’s skill, motivation, ability 

and knowledge (Iversen, 2012)The most common focus of GBL studies is an emphasis on the 

concept of challenge and its effect on understanding of topics (Jabbar & Felicia, 2015). Several 



 

19 
 

research projects have shown how adding a challenge element to a game increases the 

player's curiosity (Rosas et al., 2003; Tan, Goh, P.Ang, & S.Huan, 2013).  However, it is 

essential to measure how much challenge is needed to encourage the user to continue playing. 

Although students may engage more initially if they face too much challenge, some may quit 

playing (Ke & Abras, 2013). Accordingly, the challenge must be clear and meaningful and varied 

with level difficulty. A quasi-experimental study by Rosas et al. (2003) evaluated the acquisition 

of reading and basic math knowledge of elementary students using educational games within 

aligned with the existing curriculum. Their results showed using challenges in GBL produced 

higher grades due to a better understanding of the subjects (Rosas et al., 2003; Sadler et al., 

2013). Another study on elementary students showed how the challenge element has no 

meaningful effect on student engagement. However, the presence of a reward encouraged 

them to  concentrate more but didn’t extend play time(Ronimusac, Kujalab, Tolvanenc, & 

Lyytinen, 2014). A skill-balanced challenge and rewarding experience give learners a feeling of 

pleasure and fun.  

Csikszentmihalyi (1997) coined the term “flow” to describe phenomenon of people 

enjoying a task while focusing on it. This concept draws attention to the close relationship 

between skill and the complexity of the task.  Complexity may contribute to player confusion, but 

can also be a beneficial emotion to foster engagement in learning environments (K. D’Mello & 

C. Graesser, 2014). Agarwal and Karahanna (2000) examined several methodologies to 

measure learner emotions through improvements of the design of interactive digital learning 

environments (IDLE) (Agarwal & Karahanna, 2000). Most of the time, when a learner acquires 

complex knowledge or attempts a complicated learning task, confusion can occur. Unexpected 

feedback on a task or a surprising outcome can contribute to this confusion as well. In these 

scenarios, a learner may give up on the session. Therefore, a designer needs to put the learner 
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in a situation which causes a certain level of confusion, but not too much where they want to 

stop. A well-designed interactive system, then, should increase the fun factor in GBL and 

continually draw the student’s attention (Ke & Abras, 2013). 

An effective interactive learning environment helps learners choose their actions and 

experience consequences in a low-risk setting. They can revise their plans and see a new 

result. This kind of activity promotes engagement. There is a correlation between enjoyment 

and engagement, and studies have proven engagement is more important than the role of fun in 

serious games (Iten & Petko, 2016). When children are eager to play a serious game, their 

primary interest is not fun but achievement. The use of interactive games can be an inspiring 

alternative to increase engagement at schools, too. Games provide a creative environment for 

teaching knowledge and improving school skills by adding diversity in educational games. They 

can act as a supplemental element in the classroom or as a partial substitute for traditional 

education methods (Lameras et al., 2017b; Rutten, Van Joolingen, & Van Der Veen, 2012; 

Sitzmann, 2011). Research has also indicated how games promote knowledge acquisition and 

teach through a playful learning environment. In particular, games influence student motivation 

and engagement in the classroom (Emmanuel Tsekleves, 2016; Tsekleves, Cosmas, & Aggoun, 

2016; Whitton, 2007). 

Engagement  

Engagement has been typically described as having two aspects: behavioral and 

emotional, sometimes labeled affective(Marks, 2000; Willms, 2003) Engagement has  been 

defined by multiple aspects. In education, engagement can refer to the attention, motivation, 

interest, and passion. . These have been linked to behavioral, cognitive, and emotional qualities 

(Fredricks, Blumenfeld, & Paris, 2004; Hoffman & Nadelson, 2010; M.-T. Wang, Willett, & 
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Eccles, 2011).(Zhu et al., 2017) Many researchers adopted this definition of engagement; 

however, a limited number of studies have measured multiple domains of engagement 

concurrently (Filseckera & Hickey, 2014; Gale M. Sinatra, Heddy, & Lombardi, 2015; M. T. 

Wang & Eccles, 2012). In addition to the three-aspect models, some researchers have gone 

further than these definitions and added another engagement dimension. Reeve and Tseng 

(2011) call agentic a fourth type of engagement. Agentic engagement, they describe, occurs 

when a student actively contributes to the flow of a task. When students request extra 

information or show more interest in content, agentic engagement is occurring (Reeve & Tseng, 

2011). A systematic review of engagement shows that this concept remains a confusing one 

with several different definitions, many of which can depend on different factors (Bouvier, 

Lavoué, & Sehaba, 2014; Boyle, Connolly, Hainey, & Boyle, 2012). 

Game, Engagement, and Learning 

Many students characterize traditional classrooms without games and interactive 

technologies as boring. Students are more willing to connect with and play games that are 

active, fun, and present multitasking interfaces (Marc Prensky, 2003). They want engagement, 

one of the most widely used terms in education and psychology. In the context of educational 

psychology, “engagement” relates to academic motivation and achievement (Christenson, 

Reschly, & Wylie, 2012). Sinatra et al. (2015) believe that student engagement is the “holy grail 

of learning.” Engagement is a necessary term, they explain, because it has a connection with 

positive learning outcomes in and out of the academic domain (Gale M Sinatra, Heddy, & Doug, 

2015). The number of studies on educational game engagement and its effect on learning and 

motivation are increasing (Hawlitschek & Joeckel, 2017; Jabbar & Felicia, 2015). Some studies 

defined engagement as a learner’s involvement and interest toward an educational topic that 



 

22 
 

positively correlates with learning outcomes and behavioral change (Perski, Blandford, West, & 

Michie, 2017). (Bourgonjon, Valcke, Soetaert, & Schellens, 2010) Hawlitschek and Joechel 

(2017) examined the effects of digital educational games on learning outcomes. Their results 

show that educational games increase learner mental effort and ability to match the learning 

outcomes of the experience (Hawlitschek & Joeckel, 2017). 

Definition of Engagement  

There are many different definitions of engagement in education, psychology, and game 

studies. Many researchers believe that engagement is the same as motivation (Aghababyan, 

2014; Izar, Stark, Trentacosta, & Schultz, 2008). However, some authors distinguish 

engagement from motivation (Delaney & Royal, 2017; Delialioğlu, 2012). One of the first 

definitions of academic engagement linked psychological investment with learning (Newmann, 

Wehlage, & Lamborn, 1992). According to Skinner and Belmond (1993), children who are 

engaged in a task show positive emotional attitudes and higher grades. They believe 

engagement includes both behavioral and emotional components (E. A. Skinner & Belmont, 

1993). Other studies have defined engagement in a more detailed manner, including the ways 

excitement and an enjoyable state of mind can make an activity more meaningful and foster a 

feeling of competence (Rozendaal, Braat, & Wensveen, 2010). Some definitions connect 

engagement and academic achievement. They mention how the challenge level of a task can 

determine the level of engagement (Hoffman & Nadelson, 2010). 

After analyzing different literature on engagement in educational games and considering 

the development of the game engagement questionnaire, the author adopted the definition of 

engagement based on Brockmyer et al. (2009). In this definition, game engagement is 

equivalent to game involvement, including absorption, flow, presence, and immersion 
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(Brockmyer et al., 2009). Each of these represents a factor in the game engagement 

questionnaire (GEQ) used to measure engagement in participants in this study. 

Game Engagement Questionnaire  

There are multiple ways to measure engagement in video games. Mouse movement and 

the number of clicks in a game can indicate engagement (Heather L. O'Brien & Toms, 2008). 

Ravaja et al. (2006) found a meaningful correlation between game events, emotional attention, 

and related psychophysiological responses by measuring electro-dermal activity (EDA, 

previously known as Galvanic Skin Response) and facial electromyography (EMG) (Ravaja, 

Saari, Salminen, Laarni, & Kallinen, 2006). However, EDA and EMG are also used to identify 

various emotional states such as boredom, frustration, and enjoyment, not just engagement. 

There are many questionnaires researchers may use depending on their focus area. Three 

prevailing approaches are Immersive Experience Questionnaire (IEQ), Player Experience of 

Need Satisfaction (PENS), and Game Engagement Questionnaire (GEQ) (Yang, Rifqi, Marsala, 

& Pinna, 2018). A fourth, the Engagement Questionnaire (EQ), has 46 items and uses some 

questionnaires from psychological literature such as the Presence Questionnaire (Witmer & 

Singer, 1998) to measure five factors in engagement labeled interest, authenticity, curiosity, 

involvement, and fidelity (Mayes & Cotton, 2001). Game Experience Questionnaire (GEQ) has a 

modular structure that consists of a core module of 33 questions with others covering in-game, 

social presence, and post-game modules. It includes seven areas to measure as game 

experience: immersion, flow, competence, positive and negative affect, tension, and challenge 

(IJsselsteijn, 2013). Social Presence in Gaming Questionnaire (SPGQ) measures three 

psychological elements: empathy, negative feelings, and behavioral engagement (De Kort, 

IJsselsteijn, & Poels, 2007). The Flow State Scale is designed to measure the flow experience 
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based on Csikszentmihalyi’s Flow Theory (Csíkszentmihályi, 1997; Jackson, Martin, & Eklund, 

2008), while the Dispositional Flow Scale (DFS) assesses the tendency of users to experience 

flow (Jackson et al., 2008). A newer version of DFS is DFS-2. It has been widely applied in 

education and digital games (Hamari & Koivisto, 2014). The immersion experience 

questionnaire, or Game Immersion Questionnaire (GIQ), measures game enjoyment and 

immersion as an outcome of a positive gaming experience. This questionnaire has sixteen pairs 

of questions with different wording to control wording effects (Jennett et al., 2008). Some 

researchers believe flow is an optimal and extreme state. They explain how immersion is a 

better word to describe experiencing digital game-play (Cheng, She, & Annetta, 2015; Jennett et 

al., 2008). Others believe immersion is considered as a precondition of flow and not an extreme 

state. Jennett et al. (2008) write how engagement is the first step of immersion with the second 

stage as engrossment. This definition overlaps with Brown and Cairns’ (2004) study defining 

immersion as engagement, engrossment, and total immersion. In a digital game-based science 

learning, GIQ is a good and reliable questionnaire for proving immersion leads players to higher 

gaming performance (Cheng et al., 2015). The Temple Presence Inventory (TPI) measures 

presence as engagement, social richness, social, and perceptual realism (Lombard, Weinstein, 

& Ditton, 2011). Wiebe et al. (2014) devised the User Engagement Scale (UES) for measuring 

engagement in digital games. They explored a revised scale using four factors rather than six in 

the original scale. In their research, focused attention, perceived usability, aesthetics, and 

satisfaction are the main factors that demonstrated better psychometric analysis than the 

original six subscales (Wiebe, Lamb, Hardy, & Sharek, 2014). 
Although there is no single way to measure engagement in a game-play environment, a 

self-reporting questionnaire is considered a reliable measurement approach. Brockmyer et al. 

(2009) explain the Game Engagement Questionnaire (GEQ) as providing a “psychometrically 
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strong measure of the type of engagement elicited while playing video games” (Brockmyer et 

al., 2009). The GEQ is one of the most well-known questionnaires to measure engagement in 

video games and can be applied to any digital interactive experience (Heather L O'Brien & 

Toms, 2010; Psaltis, Apostolakis, Dimitropoulos, & Daras, 2018). Brockmyer et al. (2009) 

created GEQ  consists of 19 questions to measure four parts of engagement: absorption, flow, 

presence, and immersion (Brockmyer et al., 2009). The pilot version of this questionnaire, 

based on Brockmyer et al. (Brockmyer et al., 2009) research, was administered to children in 

fourth through sixth grade. Table 2 is a summary of research on young children. The next 

section explains four parts of engagement measured by GEQ in details. 
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Table 2: Summary of Research Measuring Game Engagement on Young Children 

Author(s), Year Sample Method Result summary  

Brockmyer et al., 2009 17, 4th through 

6th grade 

GEQ  Develop and test questionnaire to 

measure video game engagement. 

Hong et al., 2013 209, 5th and 6th 

grade 

Flow and 

engagement  

Different game methods affect the 

player’s flow experience.  

M. Chang, Evans, Kim, 

Deater-Deckard, & 

Norton, 2014 

100, 5th grade GEQ Girls have higher engagement than 

boys on the educational video games. 

Dele-Ajayi, Sanderson, 

Strachan, & Pickard, 

2016 

37, 8 to 16 

years old 

Immersion survey  Combination of questionnaire and 

interview shows more engaging 

experience support effective learning.  

Vangeel et al., 2017 1016, 14 to 16 

years old 

GEQ Engagement is an important 

determinant of playing any games as 

well as serious games.   

Psaltis et al., 2018 72, 8 to 10 

years old 

GEQ combine 

with motion and 

facial expression 

Combination of using real time 

engagement to measure affective 

engagement and categorize the data 

based on GEQ is an effective way to 

measure game engagement.  

Zulehmay et al., 2019 26, 11 Years 

old 

GEQ Design and development of a solar 

system game can provide 

engagement to the students while 

getting the basic concept of the topic. 
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Absorption 

Most definitions of absorption describe a state of in-depth involvement and attention in 

an experience (Agarwal & Karahanna, 2000). Absorption can be either negative or positive. 

Playing violent video games increases absorption, for example, but can have negative impacts 

on behavior. While absorbed during gameplay, some negative effects players report are feeling 

being trapped or weird. Positive absorption, on the other hand, is a reaction to gameplay such 

as fun, liking, and pleasurable (Blythe & Hassenzahl, 2005), although it may include challenges 

(Belgium, 2010). 

Flow Theory 

Csíkszentmihályi (1990) described flow as a deep cognition and emotional mental state 

people experience while in extreme focus on a task. Research shows how GB increases flow 

experience to enhance motivation and effective learning (C.-C. Chang, Liang, Chou, & Lin, 

2017; Cheng et al., 2015). Flow theory is based on challenge and skill and the balance between 

these two. If the challenge is based on an appropriate skill level, it would be one important factor 

to increase the flow experience. Having a challenge in GBL is important. However, it must be a 

factor of the user’s skill level. If the challenge makes the experience too difficult, students can 

be frustrated or disappointed. Conversely, the users will get bored with an effortless GBL 

experience. Therefore, the experience must be matched with the learner’s skill to have a flow 

experience. When the ratio between perceived skills and level of challenge is large, people may 

experience considerable anxiety (Error! Reference source not found.). 
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Figure 2: Csikszentmihalyi Flow Model, Adapted from Csikszentmihalyi,1975 

 

Csíkszentmihályi (1990) includes nine dimensions from measuring a flow experience. 

However, not all researchers apply these factors in their studies. Some only measure flow 

conditions like challenge-skill balance, clear goals, and immediate feedback (Kiilia, Freitas, 

Arnab, & Lainema, 2012). In these cases, a sense of control, action awareness, and loss of self-

consciousness, time distortion, concentration, and autotelic experience may also occur. Several 

methods have been used to study flow experience, in which self-reporting techniques are the 

most common method (Weber, Tamborini, Westcott-Baker, & Kantor, 2009). 

Presence 

Presence has been understood as a psychological state described as some sort of self-

awareness in an immersive experience. According to Draper et al. (1998), presence is a special 

type of flow experience named telepresence or special presence. In terms of computer games, 

some researchers believe the two main elements of presence are immersion and involvement 
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(Weibel & Wissmath, 2011; Witmer & Singer, 1998). The presence questionnaire presented by 

Witmer and Singer (1998) was developed to measure a virtual environment (VR). As a result, 

not all questions can be applied to a video game, especially a learning one. 

Immersion 

There are competing definitions for immersion. Coomans and Timmermans (1997) 

describe one of common definitions as, “the feeling of being deeply engaged where participants 

enter a make-believe world as if it is real” (Coomans & Timmermans, 1997). Immersion is an 

essential experience of interaction. Jennett et al. (2008) measured immersion in videogames 

based on the three dimensions of game flow, absorption, and presence (Jennett et al., 2008). 

Brockmyer et al. (2009) added immersion to develop another scale for measuring game 

engagement. 

Questionnaire and Response Measure  

It is essential to create an appropriate questionnaire for each design. For young children, 

creating an enjoyable, easy to read, and easy to answer survey is critical (Guin, Baker, 

Mechling, & Ruyle, 2012). Simplicity is important for questionnaires involving children. Using 

short questions with unambiguous and straightforward language is essential (Bell, 2007). The 

other key is to use positive statements. In essence, a negative questionnaire is not 

recommended for most surveys. Some researchers believe equal balance in positive and 

negative statements enhances data quality (Borgers & Hox, 2000). 

Each researcher can make different choices as to how they employ the scaling options, 

such as numerically, visually, and ideographically or a combination these. According to Bell 

(2007), the best questions should have scales which are clear and easy to perceive for children. 
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Verbal labels are easier to understand than numeric ones, while visual images have also 

produced good results. In fact, the respondent will pay more attention if numeric and visual 

scales are combined with words or pictures to anchor the scale (O'Muircheartaigh, Gaskell, & 

Wright, 1995). Moreover, responders to the questions with images spend less time than 

responders to questions with only words or numbers (Stange, Barry, Smyth, & Olson, 2016).  

The Visual Analogue Scale (VAS) is frequently used as a psychometric scale to 

measure the degree of pain experienced by a patient (Hayes & Patterson, 1921). VAS is used 

to improve the Likert scale in self-reporting measurement designs (Gorrall, Curtis, Little, & 

Panko, 2016). VAS is an image-based Likert scale anchor without numbers or words. The most 

common images are smiley faces that range from very sad to very happy faces. Smiley Face 

Likert (SFL) often appears in UX design for children (Hall, Hume, & Tazzyman, 2016). Further, 

as many studies report, using colorful and cartoon style emoji to enhance the features is more 

effective than using just simple black and white smiley faces (Hall et al., 2016; Reynolds-Keefer 

& Johnson, 2011). 

Response Layout  

Designing question layout and its effect on rating scales is important. Poorly designed 

layouts can introduce social desirability or acquiescence bias (Johnson, 2018). One effect the 

author considered in the current design is left-side bias. This is where survey-takers tends to 

choose the left-side of the response scale in a horizontal set-up questionnaire. The following 

example explains this difference in the response order based on the statement “I enjoy learning 

science in this game.”  
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Table 3: Ascending-Ordered Response Scale 

Strongly Disagree Disagree Undecided Agree Strongly-Agree 

 

Table 4: Descending-Ordered Response Scale 

Strongly-Agree Agree Undecided Disagree Strongly Disagree 

 

Most students have a slight bias to the item presented first. This is why considering a 

left-side scale matters (Nicholls, Orr, Okubo, & Loftus, 2006). Although no one ordering or 

another is completely right or wrong, based on Sauro’s (2010) work, “a dishonest researcher 

who wants responses to be slightly higher in an agreement can place the favorable response 

options on the left” (Sauro, 2010). This can also create slightly noticeable difference when the 

sample size is larger than 100 responses, which is not the case in this study. To avoid the left-

side bias, we decided to display the options from negative to positive in a horizontal setup. 

Level of Guidance, Questions and Clues 

A game designer’s goal is to have players become self-directed, self-motivated learners 

(Garris, Ahlers, & Driskell, 2002). Moreno and Mayer (2005)state how learning through video 

games without any guidance would be inefficient. Their results of three different experiences 

support appropriate use of guidance as necessary for interactive digital games (Moreno & 

Mayer, 2005). In research studies on Physical Education Technology (PhET) projects, four 

levels of guidance are defined (PhET, 2019). These detail the level of simulation: no, driving, 

gently guiding, or strongly guiding (Adams, Paulson, & Wieman, 2008). In the first and second 

types, the quality of simulation can strongly affect user engagement and learning. Games 

without any instructions can intimidate students and prevent them from engaging. The driving 
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questions provide direction for students to explore deeply and build a mental framework. This 

type is useful for those types of simulations needing more attention to a specific concept. 

However, comparing with the first type, learners may explore fewer features, although they may 

explore other concepts. Gently guided simulations include a series of questions in a specific bar 

or windows on the screen. Strongly guided is a type of instruction that is considered like a 

“cookbook.” It explains all concepts, sliders, and options in the simulation. It shows all steps 

learners need to know while interacting with a learning game or simulation. In this case, 

acquiring knowledge is minimal. Too much information is not helpful as well. It limits the 

student’s interaction with the simulation with them asking questions and exploring without direct 

answers. The result of extensive simulation interviews and studies show driving questions and 

gently guided are the most effective ways to guide the player. These types of guidance create a 

mental framework for players to approach problem solving and knowledge acquisition (Adams 

et al., 2008; Aldrich, 2009; Schwartz, Bransford, & Sears, 2005). This must also match 

complexity level. It must be appropriate for the participant’s age and general knowledge. 

Likewise, the level of guidance in the simulation affects their understanding and level of 

engagement (Akaygun & Jones, 2014). 

The right design should foster engagement and motivation to learn. The current study 

uses guidance to instruct players to explore via driving questions. Pesare et al. (2016) state that 

learning games are successful if they help students build on previously learned knowledge. In a 

version of the Handbook of Motivation at School, the authors mention that If the topic includes 

relatively unfamiliar science, students can engage effortlessly (Wentzel & Miele, 2009). SMILE 

uses information fourth and 5th graders already know, such as the meaning of temperature, 

humidity, altitude, and the concept of forming clouds. One effective way to encourage 

exploration and engagement is to include some questions and add some clues related to the 
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experience's learning goals (Lameras et al., 2017b). Some of the questions designed for SMILE 

are easily answered by interacting briefly with the experience. Other questions require 

investigating the simulation.  

Importance of Clouds and Learning Science of Meteorology 

Many organizations prioritize teaching meteorology. The World Climate Research 

Program (WCRP) sponsored by the World Meteorological Organization (WMO), National 

Aeronautics and Space Administration (NASA), European Space Agency (ESA), and many 

other centers have several missions, conferences, and workshops related to better 

understanding of clouds, precipitation, climate, and weather forecasting as well as developing 

and improving models and simulation on components in the Earth system ("Earth CARE - Earth 

Online," ; "NASA - ACE," ; "UCP 2019: Understanding Clouds and Precipitation | GEWEX 

Events," 2019). In Florida, the Next Generation Sunshine State Standards (NGSSS) describes 

the knowledge or ability students should be able to demonstrate at the end of each grade. Earth 

and space science appear in 29% of the content in fourth and fifth-grade science textbooks. 

Students in fourth grade learn about the weather and its types. In fifth grade, students learn 

about weather patterns, water cycle, and precipitation (NGSSS, 2019). 

Examples of Games about Clouds  

Despite a growing interest in designing serious and educational games, there are few 

science simulations about clouds and weather.  As educational games become more widely 

explored, it is important to pay special attention to the design, included concepts, and target 

groups of serious games and simulations. There are many resources explaining the cloud 

http://public.wmo.int/en
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categories and characteristics of each. However, digital games have an unexplored potential to 

explain this interesting meteorology fact to younger learners. Some apps or simulations explain 

how clouds are made and how they change at different altitudes. This section provides 

examples of games about weather, clouds, and meteorology for younger learners.  

Weather Maker is an online interactive weather maker simulation. It explains weather 

factors such as air pressure, temperature, winds, and humidity. It is published on the 

Scholastic.com website. As shown in Figure 3: Weather Maker Screenshot. Retrieved from 

http://teacher.scholastic.com. Screenshot by author, this simulator provides a good 

understanding of changing temperatures towards the poles and equator. It also includes an 

explanation of the weather under the image. However, it does not explain clouds, their shapes, 

or the effect of elevation effect on the weather. 

 

 

Figure 3: Weather Maker Screenshot. Retrieved from http://teacher.scholastic.com. Screenshot 
by author 

 

Explorelearning.com is a website with interactive science simulations for grades 3 to 12. 

It provides an online learning experience aligned with the latest educational standards. One of 

their gizmos is “Comparing Climates.” Students can visit different virtual locations around the 

http://teacher.scholastic.com/
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world and compare their local climate and landscape through temperature, humidity, rainfall, 

and wind speed data (Figure 4: Comparing Climates Screenshot. Retrieved from 

https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=1080). 

Screenshot by author). 

 

 

Figure 4: Comparing Climates Screenshot. Retrieved from 
https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=1080). 
Screenshot by author 

 

The University Corporation for Atmospheric Research (UCAR) Center for Science and 

Education website has multiple games and simulations related to meteorology with focuses on 

different topics and learning goals. Their “Make a Thunderstorm” simulation presents different 

temperatures and humanity options to the player to create a thunderstorm. Figure 5: Make a 

Thunderstorm Screenshot. Retrieved from https://scied.ucar.edu/interactive/make-thunderstorm. 

Screenshot by author shows how the game presents a short panel to explain instructions and 

asks the player questions about the experiments. In their “Cloud Sorting Game” (Figure 6: Cloud 

Sorting Game Screenshot. Retrieved from https://scied.ucar.edu/interactive/cloud-sorting-game. 

https://www.explorelearning.com/index.cfm?method=cResource.dspView&ResourceID=1080
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Screenshot by author), the player is presented with photos and asked to match the names of 

different types of clouds by altitude. Unlike many other games, the cloud sorting uses real 

pictures of clouds. 

 

Figure 5: Make a Thunderstorm Screenshot. Retrieved from 
https://scied.ucar.edu/interactive/make-thunderstorm. Screenshot by author 

 

 

Figure 6: Cloud Sorting Game Screenshot. Retrieved from 
https://scied.ucar.edu/interactive/cloud-sorting-game. Screenshot by author 

 

https://scied.ucar.edu/interactive/make-thunderstorm
https://scied.ucar.edu/interactive/cloud-sorting-game
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The Cooperative Institute for Meteorological Satellite Studies (CIMSS) provides multiple 

educational projects on meteorology. “Type of Precipitation” (Figure 7: Type of Precipitations 

Screenshot. Retrieved from http://profhorn.meteor.wisc.edu/wxwise/. Screenshot by author) is 

an applet by Whittaker and Ackerman (2019) that presents an interactive simulation to explore 

types of precipitation based on the temperature of the air and dew point. Data is presented in a 

Skew-T, a useful meteorological thermodynamic chart that presents weather factors such as 

water vapor, temperature, and humidity below and above 16 kilometers above sea level ("Skew-

T Log-P Diagrams," 2019; "UCAR,"). 

 

 
Figure 7: Type of Precipitations Screenshot. Retrieved from 

http://profhorn.meteor.wisc.edu/wxwise/. Screenshot by author 

 

 “Thickness of Clouds” is another project by CIMSS. This simulation helps learners to 

modify surface temperature and cloud thickness from a satellite view. To start engaging with the 

learners, this app provides users questions like “What happens to the image when you make 

the cloud thicker?” and “What happened to the image when you make the cloud thinner? 

 

http://profhorn.meteor.wisc.edu/wxwise/
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Figure 8: “Thickness of Clouds”. Retrieved from 
http://profhorn.meteor.wisc.edu/wxwise/satir/h5/irthick.html. Screenshot by author 

 

The final simulation presented by CIMSS covers making a shower, fog, or thunderstorm 

based on the dew point, pressure, and temperature (Figure 9: “Make a shower or a 

thunderstorm!”. Retrieved from http://profhorn.meteor.wisc.edu/wxwise/thermo/h5/tstm.html. 

Screenshot by ). The player can change the stability of the atmosphere through dragging 

atmosphere sounding or profiling. It illustrates simple images of clouds and rain. 

 

 

Figure 9: “Make a shower or a thunderstorm!”. Retrieved from 
http://profhorn.meteor.wisc.edu/wxwise/thermo/h5/tstm.html. Screenshot by author  

 

http://profhorn.meteor.wisc.edu/wxwise/satir/h5/irthick.html
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The following chapter details the design of SMILE and game design elements in depth. It 

also includes different screenshots of the simulation.  
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CHAPTER 3: THE DESIGN OF SMILE  

 This chapter describes the educational elements and game design art and theories of 

creating SMILE. Design elements include goals, interaction, freedom, challenge, and interactive 

problem-solving. The Art of Game Design (Schell, 2008) defines game design from different 

perspectives or lenses. Based on game design elements by Mifrah Ahmed (2019) the lenses 

described by Jess Schell (2008), this chapter documents the design process followed in the 

creation of the science of meteorology in dept in Appendix A.  

The process of game design is a complex task. This chapter intends to explain the 

design of SMILE in details based on the recent and prominent game design elements. Figure 10 

is a selected part of a proposed categorization of game design elements adopted from M. 

Ahmad (2019). The key design elements are grouped into five fundamental categories, namely, 

mechanics, aesthetics, pedagogy, story, technology  
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Figure 10: Part of a proposed categorization of game design elements. Adopted form "Game 
Design, and Intelligent Interaction."  

Interaction with SMILE starts with a short tutorial (Figure 11). The tutorial orients the 

user to the various controls and objectives.  
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Figure 11: Two screenshots of SMILE tutorial after the welcome screen (Figure 16) 

 

After the tutorial section, a panel on the bottom left side of the windows asks the player 

to create different cloud every 30 seconds by following the hints. It is not necessary for the 

players to follow the hints. They can change the sliders for height, temperature, humidity and 

time of day and explore different scenes to create diverse clouds and make precipitation. Find 

the information of clouds and their combinations in Appendix A. The final minute of the 

interactive experience asks students to explore the simulation without explicit guidelines (Figure 

12) 

 

Figure 12: Screenshot of SMILE, final 30 seconds of interaction 
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Mechanics 

The SMILE’s structure includes one main scene after two panels of introductions. The 

goal is to teach students about clouds and weather through an interactive educational 

simulation. The supervised part of the game guides players in creating different type of clouds. 

A new hint is provided every 30 seconds. The hint panel presents the necessary elements to 

produce each specific type of cloud. Even though these hint panels help players, they are free 

to explore the game environment and ignore the hint panels’ direction.  

Based on Figure 10, feedback and interactive objects are under mechanics. Ongoing 

feedback improves the learning experiences' outcome. The lens of control (Schell, 2008) 

describes how important an intuitive interface is to give the player a feeling of control. Each 

slider in the interface shows an immediate change in the simulation scene. There are three 

sliders that control humidity, elevation and temperature. It gives players a feeling of influence 

and controls the game.  

The interest curve lens led me to start the experience with a simple challenge (Schell, 

2008).  For example, the first cloud is cirrus, which is a very common cloud in the sky. The 

players do not need to change any sliders and the first 30 seconds is for them to get more 

familiar with the game environment. The second challenge is just to change the humidity slider 

to see its effect on the density of clouds. Figure 13 a and b show these two challenges. The 

create panel raises interest gradually by asking for rainy and snowy clouds. As explained in the 

result chapter, players were interested in the second minute when they could make snow and in 

the third minute when they saw the rainbow after a rainy scene. Up to the end of the interactive 

experience, players learned about clouds types based on different heights and possibility of 

rainfall or snow by changing the temperature and humidity. The game's programming logic 
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follows the formula that creates precipitation based on the relationship of temperature and 

humidity. Please see Appendix B for more information about the science behind the game logic.   

 

Figure 13: Sample scenes of cirrus clouds 

While players can indirectly control the type of cloud shown and whether precipitation 

occurs, SMILE runs all values are changed in the background. Even if the users do not interact 

with the sliders for a while, the clouds move with a wind speed that is not under the player’s 

control. All sliders help users to create clouds, rain, and snow, but the complex part of the 

simulation runs without the user's control.  SMILE is an interactive system that encourages an 

exploration of the virtual environment. From this point of view, SMILE can be considered a 

casual creator experience. Based on K. Compton's definition, "A Casual Creator is an 

interactive system that encourages the fast, confident, and pleasurable exploration of a 

possibility space, resulting in the creation or discovery of surprising new artifacts that bring 

feelings of pride, ownership, and creativity to the users that make them (Compton & Mateas, 

2015)" 
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Aesthetics 

Aesthetics is related to the overall environment of the game. It directly relates to the 

players' experience. To help players immerse in the game, SMILE includes unpredictability, 

interaction, and sounds.  

The sounds include seagulls, ocean and waves, rain, and snow blizzard sounds (Below 

Figure). Sound has a significant effect on the mood and atmosphere of the game. Another 

sound is the sound of winning after creating all clouds and finishing tasks. This feature is based 

on one of the methods in Schell’s lens of indirect control (Schell 2008). There are some other 

indirect controls in the game to help players interact on their own such as interface and visual 

design. The interface is transparent, and four sliders control the variables that influence the 

scenes. On indirect control, Schell asks designers "can I design my interface to get players to 

do this?" and "can I use visual design to get players to do it?" (Schell, 2008). The visual design 

and interface help players to easily interact with the game.  
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Figure 14:Sample interactivity, See https://youtu.be/fUum6_En1qM for a video 

 

Another aesthetic element of an effective educational game is sensory stimuli. It refers to 

the interplay between graphics and sounds to appeal to players' senses. Referring to the above 

video, all sounds for different precipitations correspond to the respective visuals. 

Pedagogy 

Pedagogy differentiates educational games and entertaining games. Learning theory 

and pedagogical approaches are fundamental requirements to develop educational games. 

SMILE as an interactive educational experience combines good game design and pedagogy. 

The educational challenges in SMILE are according to the school curriculum. Therefore, it 

creates a good experimental flow (Flow theory). Flow questionnaire is a set of 10 questions 

measured by GEQ that is explained explicitly in the result chapter. All terminologies such as 

https://youtu.be/fUum6_En1qM
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temperature, humidity, and name of clouds are familiar to players. In case they need more 

information, there are question mark buttons that provide a short description of sliders. Figure 5 

shows an example for the temperature question mark. Also, based on the lens of the virtual 

interface (Schell, 2008), a game needs to deliver information to the players in a way that will not 

interfere with their interactions. That is why the information buttons (question mark buttons) are 

small, which are located on top of each slider, and players can open the information panel 

whenever they want. The panel is transparent, keeping the player immersed in the current 

scene, and does not interfere with any interactions in the game environment.  

 

Figure 15: Example of question button to describe words 

 

SMILE's players control the time of day, height, temperature, and humidity. Then the 

scene changes based on their decision. It generates intentional tension between the degree of 

control and freedom of interaction. This tension helps interactivity (Swartout & van Lent, 2003). 
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Gently guiding players with the create panel forms a mental framework for players to approach 

problem-solving and knowledge acquisition. The complexity level matches with players' age and 

general knowledge. The hint panel helps to maintain a balance between the game challenge 

and the players' abilities described as a comfort zone in flow theory. 

Technology 

One of the game design elements is technology. Technology's key component is 

adaption, which is a mechanical adjustment of the game. Based on Lope's definition (De Lope, 

Medina-Medina, Soldado, García, & Gutiérrez-Vela, 2017), adaption is the game's ability to 

adjust itself to the players' profile. Also, it relates to their method of interaction and educational 

challenge. The current version of SMILE does not have this adjustment; however, the design is 

matched with the players' performance.  

This chapter presents a series of game design elements that the author applies in 

developing the educational simulation. SMILE is developed through a methodology starting with 

the identification of the weather science. See Appendix A and B for further details about the 

design and meteorological science. The next chapter details the thesis methodology and 

procedures. It includes the research setup and the instrument used to conduct the study, and 

method of analysis. 
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CHAPTER 4: METHODOLOGY 

This chapter explores the thesis method, beginning with research questions, then 

continuing to the simulation design, data collection, and the instrument used in this study. The 

chapter ends up with explanations of analysis techniques. 

Research Questions and Hypothesis 

The research questions examine the relationship, if any, between the significant impacts 

of the designed simulation on student engagement as measured by GEQ and learning 

achievement. Correlation testing is employed to address two research questions and two 

hypotheses. 

The following research questions are used to conduct this study:  

Research question 1: Does SMILE produce any statistically significant impact on student 

engagement as measured by GEQ? 

Research question 2: Is there any statistically significant impact by SMILE on student 

learning achievement? 

Hypothesis 1: There is a statistically significant improvement in learning outcomes from 

pre-test to post-test. 

Hypothesis 2: There is a positive correlation between learner engagement, as measured 

by GEQ, and the knowledge gains of a student in the topic after interacting with SMILE. 
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Simulation Design 

In a classroom, teachers can often recognize the emotional state of their students and 

react accordingly. For example, if students are having some difficulty, the teacher can slow 

down the pace of that activity. Unlike in a classroom, in interactive digital learning environments, 

the learner’s emotions are not easily monitored. However, one way to guide exploration is using 

questions related to the experience's learning goals requiring a student more deeply engage 

with the game. Goal-oriented questions can also encourage curiosity and discovery. In SMILE, 

a create-hint panel was added to the game for this purpose. For instance, when the goal is to 

create a Cumulus cloud, the hint panel shows the values of humidity, temperature, and height 

needed. 

SMILE starts with a simple statement and a short question (Figure 16). It then has two 

windows of tutorials before starting the interactive experience. It follows a design of gently 

guiding students through questions or statements presented on the screen (Adams et al., 2008; 

PhET, 2019). After the tutorial section, a panel on the bottom left side of the windows asks the 

player to create a different cloud every 30 seconds by following the hints. The final minute of the 

interactive experience asks students to explore anything in the simulation without explicit 

guidelines (Figure 17). 
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Figure 16: SMILE Welcome Screen 
 

 
 

Figure 17: SMILE Main Window 

 

Design is based on six properties of good digital games to promote learning defined by 

Gee (2009). The first focuses on the goal and problem-solving. The “create panel” (see Figure 
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11) in SMILE, asks the player to make a type of cloud. This study focuses on three main clouds: 

cumulus, altostratus, and cirrus. Their formation is based on the elevation of the clouds’ base. 

The player can change the height using a vertical scrollbar in the game. Each cloud can be 

thicker or thinner based on the amount of humidity. Detail explanation is available in game 

design chapter. The second property, defined by Gee (2009), concerns how micro-control 

creates a feeling of influence. There are four sliders that players interact with: humidity, 

temperature, height, and time of day. All these controls show an immediate change in the 

simulation scene.  

The third property Gee (2009) discusses is experimental learning opportunities. SMILE 

teaches learners to think strategically and see the immediate feedback during each step of the 

interaction. The fourth property is about flow theory and the importance of matching players’ 

skills and knowledge. All cloud names and terminologies using in SMILE are based on 

elementary school textbooks. If the players do not remember the elevation of any clouds type or 

do not know that rain may change to snow at lower temperatures, the hints panel below the 

create panel helps them create what they are supposed to create. Therefore, there is a 

challenge to make different clouds, but it is matched with the players’ knowledge. The fifth 

property is the need for the interaction experience to model a combination of the real-world and 

the abstract. Having a low-poly environment with realistic weather conditions and clouds 

satisfied this property. Finally, the sixth property from Gee (2009) is allowing the player to enact 

a different trajectory through the experience, thereby creating his or her own story. The 30 

second time that shows as a countdown timer on top of the screen \increases the challenge; 

however, players are able to make their weather without following the create or hints panel. 

Moreover, they have one minute at the end of the test to explore more and create anything such 

as a rainbow or click on the spacebar and look around the simulation environment.  
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Study Design and Population  

This study evaluated an educational interactive experience as a teaching tool for science 

for 4th to 6th grade students. It was approved by the Institutional Review Board (IRB) at 

University of Central Florida (UCF). The approval and closure letters can be found in 

APPENDIX G. 

Test Setup 

 The test was conducted online, and a link to the game and all surveys and 

questionnaires was shared with participants and their parents. Each participant used their own 

device to play the game and fill out the surveys. All information, consent form, and meeting link 

were sent via email to the participant’s parent or guardian. 

All steps were explained by the researcher to each participant to guide them through the 

order of surveys (Figure 18). There was no interaction while students were answering questions 

or playing the game. There were no video recordings of any part of the procedure taken at any 

time. However, the researcher wrote down observations of the verbal and non-verbal reactions 

and behavior of participants. All information was coded, and no one except the researcher and 

PI of the project had access to the information. 
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Figure 18: Study and Survey Ordering 

Questionnaire and Response Measure  

A self-reporting questionnaire with rating scales was used to collect data. Free 

discussion was not considered in the quantitative analysis. All the questionnaires used in this 

study were adapted to be understandable for children; the words and sentence structures were 

simplified. To achieve optimal responses, a Smiley Face Likert scale (Figure 19) was created 

based on existing studies (Hall et al., 2016; Stange et al., 2016). Although the number of players 

does not exceed 100 people and the left-side bias may not change the result, the author 

decided to display the options from negative to positive in a horizontal setup. 

 

Figure 19: Smiley Face Likert 
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Game Engagement Questionnaire  

Engagement has been identified as a critical element of learning in serious game 

research. One of the credible ways to measure engagement is a self-reported survey. In this 

study, the Game Engagement Questionnaire (GEQ) was used. The number of questions within 

the GEQ may vary in different studies; however, it always contains a core questionnaire that 

measures four elements of engagement: immersion, flow, presence, and absorption. All items in 

the GEQ are presented as statements and used a five-point Likert-style scale for participants to 

determine agreement or disagreement. The questionnaire consisted of 19 items in total. The 

Full GEQ can be found in APPENDIX C. 

Demographic Questionnaire  

The demographic questionnaire assessed some basic information about the participants. 

It aimed to understand the identity and characteristics of responders better. It included six 

questions about age, grade, gender, race, and previous experience with video game such as 

time spent playing. The full demographic questionnaire is in APPENDIX D. 

Game Feature Questionnaire  

The game feature questionnaire is a set of ten questions developed by the researcher of 

this project. This questionnaire is an evaluation of SMILE’s features. The questionnaire can be 

found in APPENDIX E. 

Pre/Post-Test Questionnaire  

The pre/post-test questionnaire measured the participant’s knowledge about clouds and 

the relationship between temperature and humidity in cloud formation and precipitation. The 
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knowledge and questions were based on the Florida Statewide Science Assessment. For 5th 

grade, it was based on SC.5., “E.7.4 students distinguish among the various forms of 

precipitation and make connections to the weather in a particular place and time.” For 4th grade, 

it was based on SC.4., “P.8.2 students identify properties and common uses of water in each of 

its state and cloud types” (Florida Statewide Science Assessment, 2019). The pre/post-test 

questionnaires can be found in APPENDIX F. 

Statistical Analysis 

Two sets of statistical analysis were conducted on different aspects of this study. The 

first analysis was conducted to see if the students had any significant improvement in 

meteorological knowledge using this interactive experience and its interface. The data was 

based on a pre/post-test knowledge questionnaire. The second analysis examined the 

engagement level in the interactive experience based on GEQ. The IBM SPSS version 25 was 

used for statistical analysis. This study aimed to have a sample size of 30 elementary students. 

However, the crises of the COVID-19 virus pandemic limited the accessibility to the student. The 

final sample size was 23 students.  

 Statistical Analysis on Knowledge Test  

The knowledge test consisted of 12 true or false questions about clouds and 

meteorological science. The correct answer had a score of 1, and the false answer had a score 

of 0. The minimum and maximum scores for each participant were 0 and 12, respectively. In 

terms of selecting a correct statistical test, the author considered the research hypothesis and 

the type of data. The pre- and post-data were skewed; the quantitative non-normal tests were 

chosen.  

http://www.fldoe.org/accountability/assessments/k-12-student-assessment/science.stml
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First, the author used the Wilcoxon Signed-Rank test to evaluate if there was a 

statistically significant improvement in a participant’s average knowledge after interacting with 

SMILE. A detailed explanation is available in the next section. 

Next, the Spearman test was used to specify if the two sets of knowledge tests had any 

significant correlation. This test showed if the initial knowledge of participants affected the 

improvement or not. In other words, the post-test and final knowledge increases regardless of 

what students knew before the test. 

General Test 

Before selecting the statistical test on pre- and post-test scores, the skewness of the 

data was estimated using the following formula.  

 
𝑆𝑘𝑒𝑤 =

𝑛

(𝑛 − 1)(𝑛 − 2)
∑ (

𝑥𝑖 − 𝑥̅

𝑠
)

3

 
 

(1) 

 

This test showed the skew for pre- and post-test were 1.4 and 0.42, respectively. 

Therefore, it is assumed at least the pretest is fully skewed, and the statistical analysis is carried 

out using nonparametric tests. Using Quartile 1, Quartile 2, and the following formula, the Upper 

Fence and Lower Fence for both pre- and post-data was estimated, and outlier data was 

specified. The results from 23 participants showed the pretest score for one is the outlier and 

that participant were removed from evaluations. 

IQR = Quartile 2 – Quartile 1 

Upper Fence = Quartile 2+(IQR x 1.5) 

Lower Fence = Quartile 1+(IQR x 1.5) 
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Wilcoxon Signed Rank Test 

The Wilcoxon Signed-Rank (WSR) test is a nonparametric statistical test to determine if 

there is a significant difference between two sets of related data without assuming the data is 

normally distributed (Wilcoxon, 1992). This test is appropriate since there are two sets of paired 

or repeated observations, which are skewed and not normally distributed. The author was 

interested in evaluating the effectiveness of the training provided by SMILE, and the Wilcoxon 

test analyzes the significance of the difference between the median of two sets of data (pre-test 

and post-test scores). 

The null hypothesis (H0) for the Wilcoxon test indicates two samples have the same 

medians. The test starts with ranking the difference score for each participant. The ranks are 

assigned from 1 to n from the smallest to the largest absolute difference. The final step is based 

on the summation of rank numbers for each group.  

Since the number of participants (n = 22) in this study is large enough (n(n+1)/2 > 20) for 

this test, a normal approximation is used with the following formula: 

Here are the steps of the test when there are two sets of data, x1i and x2i, and the 

number of samples for each set is N: 

1. Calculate the |𝑥2𝑖 − 𝑥1𝑖|  and 𝑠𝑔𝑛(𝑥2𝑖 − 𝑥1𝑖) where 𝑠𝑔𝑛 is sign function:  

𝑠𝑔𝑛(𝑥2𝑖 − 𝑥1𝑖) = {

−1     𝑖𝑓   (𝑥2𝑖 − 𝑥1𝑖) < 0

0       𝑖𝑓   (𝑥2𝑖 − 𝑥1𝑖) = 0

1       𝑖𝑓   (𝑥2𝑖 − 𝑥1𝑖) > 0 

 

2. Reduce pair size by removing the pairs where sgn is equal to 0 and the new sample size 

is named Nr 

3. Rank the sets based on the absolute difference and use the average of rank for the tie 

values 

4. Calculate the W and Z score (for the samples bigger than 20). 
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 𝑊 = ∑ [𝑠𝑔𝑛(𝑥2𝑖 − 𝑥1𝑖)]
𝑁𝑟
𝑖=1 ;  

 

𝜎𝑊 = √
𝑁𝑟(𝑁𝑟+1)(2𝑁𝑟+1)

6
 ;  

𝑧 =
𝑊

𝜎𝑊
 

 

 

 

 

(2) 

 

The assumption for the sample sets were higher than 20 and the W followed a normal 

distribution with the above-mentioned z score and standard deviation σW. For the two-tailed test, 

the hypothesis was rejected when the critical z from the table was less than the absolute 

calculated z. 

Spearman Rank Correlation Coefficient 

The Spearman Rank Correlation Coefficient (SRCC) is a nonparametric method for 

measuring the correlation of ranks between two variables. SRCC varies between +1 and -1. The 

highest score is when there is a total positive linear correlation, 0 for no linear correlation, and 

the lowest score is when there is a total negative linear correlation. 

The formula for SRCC is like the Pearson Correlation Coefficient with the only difference 

using the variable of two groups for ranking: 

 

 
𝑟𝑠 =

∑ (𝑟𝑔𝑥𝑖 − 𝑟𝑔𝑥̅̅ ̅̅ ̅)(𝑟𝑔𝑦𝑖 − 𝑟𝑔𝑦̅̅ ̅̅ ̅)𝑛
𝑖=1

√∑ (𝑟𝑔𝑥𝑖 − 𝑟𝑔𝑥̅̅ ̅̅ ̅)2𝑛
𝑖=1 √∑ (𝑟𝑔𝑦𝑖 − 𝑟𝑔𝑦̅̅ ̅̅ ̅)2𝑛

𝑖=1

 

 

 

(3) 
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Where n is the sample size, rgxi and rgyi are the rank of individual sample points; 𝑟𝑔𝑥̅̅ ̅̅ ̅ 

and 𝑟𝑔𝑦̅̅ ̅̅ ̅ are sample rank mean for rgxi and rgyi.  

The null hypothesis (H0) and alternative hypothesis (H1) of the significance test for 

correlation can be expressed in the following ways, depending on whether a one-tailed or two-

tailed test is required. 

Two-tailed significance test: 

H0: rs = 0; the correlation coefficient is 0; there is no association. 

H1: rs ≠ 0; the correlation coefficient is not 0; a nonzero correlation could exist.  

where rs is the SRCC. 

The sample size affects the significance of r. Figure 20 shows critical values of PCC for 

different sample size at the 0.05 level which can be used for SRCC (Soper, Young, Cave, Lee, 

& Pearson, 1917). 

 

 

Figure 20: Critical Values of Pearson’s Correlation Coefficient 
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Statistical Analysis on Engagement  

Four different aspects of engagement (immersion, presence, flow, and absorption) are 

measured through 19 questions. The descriptive answers of “Not at all,” “A little,” “Moderate,” “A 

lot,” and “Very true” were evaluated based on the percentage of participants for each category. 

The answers from “Not at all” to “Very true” were converted to numbers 1 through 5, 

respectively. The Spearman correlation between the knowledge test and engagement was 

evaluated. 

Hierarchical Cluster Classification 

Hierarchical Clustering (HC) is a classification method that classifies the members based 

on their similarity. There are two major approaches for HC: top-down and bottom-up. In this 

study, the bottom-up (agglomerative clustering) approach was used. In this method, each 

observation assumes to be one group, and then in each step, a pair of clusters are merged to 

get one cluster on top of the hierarchy. 

There are different methods to measure the distance between the two members. The 

Squared Euclidean Distance (SED) is one of the methods used in this study. 

 

 
𝑑 = ∑ (𝑋𝑖 − 𝑌𝑖)2

𝑛

𝑖=1
 

 

(4) 

 

The agglomerative clustering method has different branches for merging the clusters. 

The method used in this study was Ward’s minimum variance or simply Ward’s method. In this 

method, clustering is based on the minimum within-cluster variance. Error! Reference source 

not found. is used to minimize within-cluster.  



 

62 
 

 𝐸𝑆𝑆 = ∑ ∑ ∑|𝑋𝑖𝑗𝑘 − 𝑋̅𝑖.𝑘|
2

𝑘𝑗𝑖

 (5) 

 

Where ESS is Error of Sum of Squares, Xijk is the value of variable k in observation j 

belonging to cluster I, and 𝑋̅𝑖.𝑘 is the average variable k in cluster i.  

In this study, engagement questions (19 questions) were clustered based on the 

participant’s answers.
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CHAPTER 5: RESULTS 

After IRB approval, data collection was started and completed during summer 2020 

entirely online via Zoom. Each experimental session was approximately 45 minutes, and 23 

students participated. After the first statistical analysis, one outlier data point was found. The 

data is for a participant that got the pre and posttest 100% correct. The researcher excluded the 

outlier data and continued analysis with the data from 22 participants.  

Study Participants 

The population of this study was comprised of elementary students in Florida and 

specifically focused students going to 4th, 5th, and 6th-grade students. The sample included 30 

students. After data evaluation, extraction of an outlier, and deleting missing data, the sample 

size was reduced to 22 students compromised of boys (n = 9) and girls (n = 13). The researcher 

used statistical analysis within SPSS version 25 for quantitative analysis and qualitative content 

analysis. 

Analysis of Demographic Data  

 Descriptive statistics for the demographic data are summarized in Table 5. The ages 

varied from 8 to 12 years old. The participants were mostly girls (65%) and 52% of them had 

finished their 4th grade. The original number of participants was 23; one participant was 

disregarded in the statistical test due to being an outlier.  
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Table 5: Demographic Data of Study Participants 

 

Demographic data in percent (n=22) 

n 

 

% 

Gender   

   Female 15 59 

Male 8 41 

   Grade   

Going to 4th grade 3 14 

Going to 5th grade 12 55 

Going to 6th grade 8 32 

  Age  

8-9 Years 2 9 

9-10 Years 8 36 

10-11 Years 5 23 

11-12 Years 8 32 

  Time of play per day on touchscreen devices  

Less than an hour 2 5 

1-2 hours 6 27 

2-3 hours 7 32 

More than 3 hours 8 36 

Note. From 23 participants 1 of them is removed after outlier test 

 

Race was not expected to play a role in this study. However, most of the participants 

(52%) preferred not to mention their race. The rest of the participants were white (35%), Asian 

(9%) and African American (4%). Since the skills of players was important, the play-hour per 

day for each player was collected as well. Based on the data, 5% of participants played less 

than an hour per day. Most participants played games on touchscreen devices for more than 

two hours a day. 

Hypothesis Testing 

The pre- and post-testing of meteorological knowledge resulted in two series of scores 

between 0 to 12. Each correct answer had a score of one and an incorrect answer was zero. 
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The Wilcoxon test was used to identify if there was a significant improvement from pretest to 

posttest. It showed if participants significantly improved their knowledge about clouds and 

precipitation by interacting with SMILE. 

Error! Reference source not found. shows the average scores of 22 participants 

improved from 4.77 to 7.50. The standard deviation for the pretest was 1.798 and this value 

changed to 2.041 for the post-test. Figure 21 shows the whisker plot of pre- and post-test as a 

standardized way to display the distribution of the data. 

 

Table 6: Descriptive Pre- and Post-test Statistics (n = 22) 

  Percentiles 

 

N Mean 

Std. 

Deviation Minimum Maximum 25th 

50th 

(Median) 75th 

Pretest 22 4.77 1.798 2 9 3.00 4.5 6.00 

Posttest 22 7.5 2.041 4 11 6.00 7.00 9.00 

 

  

Figure 21: Pre- and Post-test Box-Whisker Plot (After Outlier Removal)  
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 Table 7 and Table 8 show the pre- and post-test statistics and the results of the 

Wilcoxon test from SPSS. The rank table (Table 7) provides the output information of the 

Wilcoxon test. All positive ranks indicate post-test data has a higher score than pretest.  

The Z value was -4.036 and the probability (p) was .000. This means the null hypothesis 

was rejected and there was significant development between pre- and post-test. The data 

indicated that post-test ranks were statistically significantly higher than pre-test ranks. 

 
Table 7: Pre- and Post-test Ranks 

Ranks 

  N Mean Rank Sum of Ranks 

Pretest-Posttest Negative Ranks 0a .00 .00 

 Positive Ranks 21b 11.00 231.00 

 Ties 1c   

 Total 22   

a. Posttest< Pretest    

b. Posttest> Pretest    

c. Posttest= Pretest    

 
 

Table 8: Wilcoxon Test Result 

 

 Posttest

-Pretest 

Z -4.036b 

Asymp. Sig. (2-tailed) .000 

a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks. 

 

The second hypothesis suggested a positive relationship between the level of 

engagement as measured by GEQ and their knowledge achievement. The level of engagement 

for the interactive experience was evaluated using the simple graphs of the number of 

participants or percentage for each category of answers including “Not at all”, “A little”, 

“Moderate”, “A lot” and “Very True”. For each category of engagement (flow, presence, 

absorption, and immersion) different colors were used. Table 9 shows the results of the survey 
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for each statement. Each aspect of engagement was specified using one to several statements. 

In this table, the mode and median are estimated using the equivalent scores of each category 

of answer (“not at all” is equal to 1, “very true” is 5, and the rest of the answers are between 

these two). 

 

Table 9: GEQ Answer Percentages (n = 23), Each color represents one category; Blue: 
absorption, Orange: flow, Green: presence, Gray: immersion 

GEQ Not at all A little Moderate A lot Very True Mode Median 

1. I lose track of time 22 13 39 9 17 Moderate Moderate 
2. Things seem to happen 
automatically 43 26 0 22 9 Not at all A little 

3. I feel different 22 30 35 0 13 Moderate A little 

4. I feel scared 87 13 0 0 0 Not at all Not at all 

5. The game feels real 0 9 22 39 30 A lot A lot 
6. If someone talks to me, I 
don’t hear them 48 30 17 0 4 Not at all A little 

7. I get wound up 52 26 13 0 9 Not at all Not at all 
8. Time seems to kind of 
standstill or stop 30 22 30 9 9 Moderate A little 

9. I feel spaced out 30 39 9 13 9 A little A little 
10. I don’t answer when 
someone talks to me 61 17 13 4 4 Not at all Not at all 
11. I can’t tell that I’m getting 
tired 30 9 17 13 30 Very true Moderate 

12. Playing seems automatic 52 4 22 13 9 Not at all Not at all 

13. My thoughts go fast 4 43 13 22 17 A little Moderate 

14. I lose track of where I am 48 39 9 0 4 Not at all A little 
15. I play without thinking 
about how to play 17 26 22 22 13 A little Moderate 
16. Playing makes me feel 
calm 0 26 26 4 43 Very true Moderate 
17. I play longer than I 
meant to 17 22 30 9 22 Moderate Moderate 

18. I really get into the game 0 17 4 48 30 A lot A lot 
19. I feel like I just can’t stop 
playing 13 9 26 35 17 A lot A lot 
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A five-point Likert scale was used to indicate the disagreement or agreement on different 

levels. Based on this category, the first answer choice of “not at all” represented disagreement 

and the rest of the choices represent agreement with different significant level. 

 

 

Figure 22: GEQ results (n=22) 

 

 Figure 22 shows the survey results for flow-engagement questions. Based on this figure 

and Table 9, six statements among 10 had partial to the full agreement (from “A little” to “Very 

true”). For the four statements of “If someone talks to me, I don’t hear them”, “I get wound up”, “I 

don’t answer when someone talks to me”, and “Playing seems automatic”, the common answer 

was no agreement or “Not at all”. It might be these questions were not designed for scientific 

games or participant were not able to understand them. For example, there is no reason a 

person by interacting with SMILE and knowing more about clouds would get wound up. The 

author believes the negative answers for some of these questions support engagement. The 

questions of “The game feels real” and “Playing makes me calm” showed the highest positive 
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responses Generally, the results recognize how SMILE successfully helped the players to stay 

in the flow zone of engagement. 

Above figure also shows the survey results for Presence-engagement questions.  Based 

on these answers and Table 9, two of three questions had partial to a full agreement (from “A 

little” to “Very true”).  For the question of “Things seem to happen automatically” the major 

answer was no agreement or “Not at all”. Despite this being more difficult to answer for the 

scientific game, around 57% of participants were partially or fully agreed with engagement. 

These results show how SMILE successfully helped players to stay in the presence zone of 

engagement. 

The results for absorption-engagement questions display a significant disagreement on 

questions of “I feel scared” and “I feel spaced out” from absorption. The explanation for these 

results is related to the genre of the learning interaction. It looks having this statement on GEQ 

to measure absorption on a calm educational interactive experience is not reasonable.  It could 

also be participants felt emotionally safe because they participated from home and in the 

presence of their parents. 

One statement in Figure 22 shows the survey results for immersion-engagement 

question. Based on this figure and Table 9, all participants agreed with the immersion 

statement. This indicates the participants felt immersion, one of the important factors of 

engagement. 

Correlation Between Knowledge and Level of Engagement 

The pre-, post-test, and difference of them were used to correlate data between 

engagement GEQ questions. For the GEQ, the answers are converted to numbers 1 to 5 for the 

answers of “Not at all”, “A little”, “Moderate”, “A lot” and “Very true”, respectively. Table 10 
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shows the results of the Spearman correlation between knowledge and GEQ scores. Based on 

this table, there is no significant correlation between pre-test and any of the questions. The 

post-test has a negative correlation with Question 2 (“Things seem to happen automatically”) 

and Question 15 (“I play without thinking how to play”) and a positive correlation with Question 3 

(“I feel different”). The difference between pre- and post-test has a significant negative 

correlation with Question 15. This shows participants who disagreed with this question still 

showed improvement in knowledge of meteorological science. 

 
Table 10: SRCC of Pre- and Post-test and Difference with Engagement GEQ 

 

The SRCC was evaluated using the total scores of each category of engagement 

(Immersion, presence, flow, and absorption). Table 11 represents the SRCC for pre-test, post-

test, and difference of immersion, presence, flow, and absorption values. Based on this table, 

there is no significant linear correlation between pre-test, post-test, or differences between 
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categories of engagement. However, there is some positive correlation between these 

categories. 

Table 11: Correlation of Immersion, Presence, Flow and Absorption Values 

 

Game Features and Content Analysis  

Recorded observations and the game feature questionnaire were used for descriptive 

data. After the post-test, participants answered the game feature questionnaire, which was 

designed by the researcher and based on related articles on game design. It used a five-point 

Likert scale with a minimum of 1 and a maximum of 5. The participants indicated how they felt 

while playing the game (Figure 23). These results indicated the entire experience was pleasant 

and satisfied the user. However, not all participants found the questions useful. All observations 
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were conducted online via Zoom. The researcher wrote down all reactions. No audio or video 

took place during the sessions. 

 

Figure 23: Game Feature Survey Result (n = 23) 

Interaction Time with SMILE 

 SMILE contains eight, 30-second clues to make different clouds. At the end of this four-

minute interactive experience, participants have one more minute to explore whatever they 

want. When they see the “Well Done” message with a button to take the survey, the game is 

over (Figure 24). 12 out of 23 participants continued interacting with SMILE without paying 

attention to the survey button. 

 

0 5 10 15 20 25

overall experience

easy to start playing

controls easy to understand and use

like the sound in the game ( sound help with the game play)

like the clouds

like the environment

find information buttons useful

environmental effects visually compelling

feel good about changing weather using sliders

recommend this game to a friend

Very True A lot Moderate A little Not at all
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Figure 24: Sample Scene of Game Ending 

 

Participants can be divided into three groups in how they handled the ending. Five 

participants did nothing or only clicked up to five times after the game ended. Six participants 

played for the last minute and then clicked on survey quickly. 12 (of 23) participants continued 

playing even after the messages appeared. 

 The most appealing scenes based on participants verbal and emotional reactions are 

the snowy scene and the rainbow making scene (Figure 25).  

 

Figure 25: SMILE Sample Scenes of Snow and Rainbow 
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Discussion of these analysis is explored in the next chapter. Each hypothesis is 

discussed based on the result, followed by clustering method on the data.  Recommendations 

and suggestions for the educators are provided to offer ideas on design the educational 

simulations and measuring the engagement.  
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CHAPTER 6: DISCUSSIONS 

One of the main purposes of measuring game engagement is to evaluate its strengths 

and weaknesses. This study measured game engagement and asked about the game features 

to reveal any relationship between game design and engagement. 

This study examined the importance of game design in engaging students in learning 

science. The main two questions that shape future research on learning interactive experience 

are the relationship between engagement and learning and the importance of designing a 

learning experience. 

Designing SMILE 

In this study, SMILE was designed and built using the Unity game engine by the 

researcher. The game feature survey results revealed how the game demonstrates the main 

properties of a good digital game for promoting learning (Gee, 2009). SMILE is based on real-

world scenarios, and the clouds look realistic. There is no score in this experience, and all 

participants can feel they were a winner at the end of the experience. This matches how 

McGonigal (2011) describes how games focusing on real events help students to explore more 

than accomplishing the goal of the game. Based on the feature survey result, all participants 

found the clouds and environment visually compelling. Additionally, they felt they could control 

the weather in the game environment. This connects to the importance of micro-control in game 

design as discussed by Clark (1997). 

As explained in the literature review chapter, the inverted-U model of pressure and 

performance applies to game design (Schell, 2008). To make the learning efficient, a level of 

guidance was added to SMILE in the form of the create panel (Moreno & Mayer, 2005). Using 



 

76 
 

this panel, a player can follow the hints to create a new type of cloud every 30 seconds. Adding 

a timer to make each cloud helped the user not only have a structure to follow, but also put 

enough pressure on them to interact with SMILE. Without gently guiding the player, these 

statements would not be engaging. 

There are three question marks above humidity, temperature, and height scrollbars in 

SMILE. By clicking on them, a pop-up screen shows the definition of each term and its effect on 

precipitation. About 40% of the participants did not notice the presence of question bars. Based 

on the researcher observation, only two participants clicked on the question marks (Figure 26).  

 

Figure 26: SMILE Sample Screen Scene 

 

Digital interactive environments promote engagement and knowledge acquisition in the 

classroom (Emmanuel Tsekleves, 2016; Lameras et al., 2017a). The information presented in 

the game and the knowledge questionnaire are all based on 4 th and 5th Sunshine State 

Standards science textbooks and can be easily applied to the classroom. Prior games and 

interactive experiences about weather forecasting mostly used two main meteorological 

diagrams and formulas. The first option worked with Skew-T, which are used by meteorologists 
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and can be difficult for younger learners to understand. The others focused on factors in 

precipitation, temperature, and humidity. SMILE combined the effects of elevation on clouds and 

how temperature and humidity interact to make precipitation.  

Hypothesis 1: Learning Outcomes 

Participants showed significant improvement from pre-test to post-test for learning 

outcomes. This shows participants learned about the science of clouds and weather after 

interacting with SMILE. This result also supports the first hypothesis of how SMILE can have 

positive effects for learning outcomes (Figure 27). The result is clear and is supported by WSR 

statistical test as well. 

 

 

Figure 27: Comparison of Pre- and Post-test Scores (n = 22) 
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Hypothesis 2: Engagement  

Previous research used GEQ to measure engagement in different types of games. 

Brockmyer et al. (2009) made the original questionnaire measuring engagement in violent video 

games. Since this original GEQ was designed for violent video games, some of the questions 

were not appropriate for scientific interaction games. For example, participants should not be 

wound up or scared when playing SMILE. Other researchers analyzing engagement in scientific 

games have followed this pattern of only using some of the GEQ or variations of the questions 

for their own studies (M. Chang, Evans, Kim, Deater-Deckard, & Norton, 2014; Zulehmay et al., 

2019).  An analysis of the responses to the GEQ questions which did not confuse participants 

suggests most of the GEQ participants had a good level of engagement. The test results and 

verbal behavior of the participants also showed not all the students were able to understand the 

statements on the GEQ. The most controversial responses were “I get wound up”, “I feel spaced 

out”, “my thoughts go fast”, and other negative statements. Half of the participants asked about 

the meaning of the mentioned statements. 

We also evaluated the summation of engagement for each category by assuming an 

answer of “not at all” is full disagreement and the rest of the answer were partial or full 

agreement. Figure 28 represents this evaluation with about 70 percent of the answers 

supporting partial to full agreement on engagement. This is the total number of answers for 

each category, including the statements that were not proper for SMILE like “I feel scared.” 
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Figure 28: Percentage of Agreement vs. Disagreement for Engagement  

Clustering 

Generally, each GEQ statement should show different aspects of the engagement. 

Since there was a correlation between different GEQ and different categories of engagement 

(Table 10 and Table 11), the author tried to classify the engagement questions using the 

question scores and Hierarchical cluster analysis (Figure 29). This classification resulted in four 

clusters based on within-cluster minimum variance and maximum variance between clusters 

(Ward’s method). Using these clusters, the SRCC of the summation of question scores for each 

cluster and pre-test, post-test, and the difference were evaluated. The results are presented in 

Table 12. This result shows the difference between pre-test and post-test had a significant 

negative correlation with cluster 2, which is the summation of scores for Questions 2, 12, 13, 

and 15. The questions mentioned in cluster 2 are all asking if participant feels everything is 

going so fast and automatically. That is why participant's answers are similar and cluster 

analysis puts all of them in one category. Since this simulation is educational and most of the 

participants didn't think everything was going automatically and fast like action games, so the 

answers were negative. The negative correlation between difference (posttest minus pretest) 
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and cluster 2 shows that whoever thought the game is not automatic and they control the 

weather environment had better improvement.  

There was no correlation between the difference and the original category of 

engagement (flow, presence, absorption, and immersion). 

 

Figure 29: Results of Hierarchical Cluster Analysis on Engagement Question Scores 
 
Table 12: Correlation of Pre-test, Post-test, and Difference with Clusters 
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Confidentiality and Data Security 

All data was collected through UCF Qualtrics and exported to SPSS for analysis. Data 

files were password protected and stored on UCF OneDrive and only accessible by the 

researcher and the PI. Personally-identifiable information was not collected in this study and 

demographic data was anonymous. All participants had a separate code created by the 

researcher for analysis. Each testing session was supervised and monitored by the researcher, 

but no video or audio recordings were created.

Conclusions 

Educational games are a powerful learning tool. Students can enjoy playing the game 

while also learning some concepts that may not be interesting through traditional education 

methods. This study confirmed significant improvement in the knowledge of meteorology and 

clouds by students playing with the interactive educational simulation (SMILE), which was 

developed for this purpose.  

While students were satisfied with game features, only 70 percent agreed they were 

engaged. The GEQ test scores showed that not all of these questions are appropriate for a 

scientific game like SMILE. Based on reactions and feedback of participants, some of the 

questions were not designed for the target age of this study (8 to 12 years old). Some 

statements such as “I feel scared” do not necessarily apply to educational games. Indefinitely 

phrased items such as “I feel different” did not have strong correlation or clear meaning to some 

respondents. Future studies should be selective or customize the GEQ questions to better 

evaluate engagement for different types of games. The absolute negative result of the 

statement “things happen automatically” indicates the degree of choice and control. SMILE 
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provides players a sense of agency. Interactivity helps player to affect and change the 

simulation world.   

 Finally, for the first time, hierarchical clustering was used to classify the GEQ developed 

by Brockmyer et al. (2009). This classification was based on the test scores and tried to put the 

questions with the highest similarity in one group and questions with maximum variance in 

different clusters. The output was four clusters, with one of them showing a negative correlation 

with student knowledge improvement. 

The current version of SMILE is based on the elementary school textbooks. A future 

version of SMILE could include more information SMILE that has more information and more 

options to control or change the weather. For example, changing latitude affects the 

temperature and the design will be set on the temperature limitations on each location on Earth. 

Moreover, the humidity and temperature range on mountains are different from the coastal area 

that can be applied to the next version of SMILE.  

Ultimately, SMILE was an engaging and effective educational simulation. Future work 

could explore the potential for applying the techniques demonstrated here, both in design and 

evaluation, in other domains and for other age groups. This thesis presented a path and 

demonstration that will pave the way for those projects 
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APPENDIX A: CREATE AND HINT PANEL  
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Table 13: SMILE's create and hint panel 
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APPENDIX B: SCIENCE FACTS IN SMILE  
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Interactive scrollbars  

There are four scrollbars for time of day, humidity, temperature, and height. Except time 

of day slider that is horizontal, the same as sun movement, the rest of the sliders are vertical. 

Time of day changes from 00:00 am to 12:00 pm. The humidity and temperature sliders go from 

low to medium and high. The height goes from zero to 30000ft. The height’s slider divides to 

below and above 6500ft and 20000ft to show different types of clouds.     

Elevation/Altitude/ Height 

The main factor in cloud categories is elevation. Clouds changes according to their 

height from the ground. If the user chooses lower values of the slider, the outcome will be a low-

level cloud. The low-level clouds are stratus, cumulonimbus, cumulus, and stratocumulus. For 

the first version of SMILE, cumulus is the only cloud shown in low altitudes. If the user chooses 

heights between 6500 to 20000 ft. the cloud will be altostratus as a middle-level cloud. The third 

category of cloud which is elevated above 20000ft is cirrus. There are many other kinds of 

clouds in different atmospheric levels, but this project focused on three main clouds that are 

easy to find in the sky.  

Humidity 

Clouds are made of ice crystals (solid particles) or droplets (liquid particles). The 

potential of cloud formation depends on the amount of water vapor in a parcel of air named 

humidity. Temperature determines how much water the air can hold. The higher temperature 

can hold more water.  

 

Relative Humidity 
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How much you feel the weather is wet or dry? The answer is the amount of relative 

humidity that is expressed as a percent. It is absolute humidity relative to the maximum humidity 

that is dependent on the temperature.  

Example with numbers  

A 100% relative humidity means the air is saturated. And above this level at the same 

temperature, clouds will appear. With unchanging humidity and increasing temperature, the 

relative humidity will decrease, and the cloud will be disappeared. For example, the air with 

22°C (71.6°F) and 55% relative humidity would have 9g/Kg absolute humidity. It means that 

there are 9 grams of water per kilogram of air. Higher temperature leads to more humidity. So, 

30°C (86°F) in temperature with the same absolute humidity will have 34% RH (Relative 

Humidity). But lower temperatures such as 12°C (53.6° F) with the same absolute humidity will 

have 100% RH, which means a cloud is formed (What is Relative Humidity Absolute Humidity 

and Dew Point, 2014).  

If there is 100% humidity (Same RH) in the atmosphere, low temperature squeezes the 

water, and precipitation will occur. If the temperature is lower than the freezing point (0°C, 32° 

F), precipitation will be snow. Otherwise, it is rain. Following chart shows the relation between 

temperature and water vapor in different RH: 
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Figure 30: Relative humidity and dew points across a range of scales, by Greg Benson with 
calculations done on the site http://www.lenntech.com/calculators/relative-humidity.htm 

         

For this interaction experience design, relative humidity keeps constant (100%). The 

user can change the temperature to get the saturated value or change the absolute humidity to 

start making the cloud. While the cloud formed, the decreasing temperature will cause 

precipitation. Making the cloud is eliminated from the current version of SMILE to make it easier 

for younger players. Clouds are already in the game environment, and players can change their 

types.  

Math 

This part explains the formula to form a cloud and occur precipitation. As described 

above, the current version already has a cloudy sky, and the formula is used to make the 

environment rainy or snowy.  

Saturated water vapor: Ps in Pascal 
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Actual water vapor: Pa in Pascal  

Temperature: T in Celsius  

Relative humidity: RH in percentage   

RH is the ratio of actual water vapor pressure to the saturation water vapor pressure at 

parcel temperature.  

𝑅𝐻% =
𝑃𝑎

𝑃𝑠
⁄ × 100 

 
The empirical equation given below is a good approximation of saturated water vapor at 

a specific temperature within the limits of the Earth's climate: 

 

𝑃𝑠 = 610.78 exp(𝑇
(𝑇 + 238.3)⁄ × 17.2694) 

 
Based on this formula, every time that user changes T, Ps will be calculated by script, 

with looking at Pa (that it is a changeable value by user), RH will be known. If RH is less than 

100%, there is no cloud in the scene. If RH is more than 100%, the cloud will appear in the 

scene.  

Continue changing humidity to a lower value may make the cloud disappear. Continue 

changing humidity to a higher value will lead to having a denser cloud. Continue changing the 

temperature to a lower value makes clouds have rain or snow. Precipitation will be rain if the 

temperature is less than 0°C (32F); otherwise, it is rain. Continue changing the temperature to a 

higher value will make the cloud to be disappeared.  

Time of the day  

This factor is added as an independent element in cloud formation. Knowing that the 

time of the day typically affects humidity and temperature, in this project, it doesn't have any 

effect on other factors. In the real world, the temperature usually drops, and relative humidity 
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goes up during the night. But these are not considered in this project. Day and night cycles will 

be used to change the time of day that affects clouds' color.  

Clouds  

Unlike the scene that is low poly, clouds are volumetrics with realistic shapes and 

shaders. The clouds are chosen from the Unity Asset Store. It is sky master ultimate by Nasos 

Tsatsos from the Artengame team.  

In conclusion, many factors affect clouds formation and precipitation, such as time of the 

year, geographical location, and cloud condensation nuclei. This project aims to reduce these 

factors into three main elements, so it is understandable for younger learners. 
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APPENDIX C: GEQ 
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Table s: Game Engagement Questionnaire adapted from Brockmyer et al., 2009. Responses are 
measured on a five-point Likert scale with a corresponding to not at all and 5 corresponding to very true 

Please indicate how you felt while playing the game:    

I lose track of time 

Things seem to happen automatically 

I feel different 

I feel scared 

The game feels real 

If someone talks to me, I don’t hear them 

I get wound up 

Time seems to kind of standstill or stop 

I feel spaced out 

I don’t answer when someone talks to me 

I can’t tell that I’m getting tired 

Playing seems automatic 

My thoughts go fast 

I lose track of where I am 

I play without thinking about how to play 

Playing makes me feel calm 

I play longer than I meant to 

I really get into the game 

I feel like I just can’t stop playing 
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APPENDIX D: DEMOGRAPHIC SURVEY 
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 Thank you for joining our research. Please answer these questions: 

 

Q1. What is your age? 

8-9 Years 

9-10 Years 

10-11 Years 

11-12 Years 

 

Q2. Which grade are you going to? 

I am going to 4th grade 

I am going to 5th grade 

I am going to 6th grade 

Q3. What is your gender? 

I am a boy  

I am a girl 

I’d rather not say 
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Q4. What is your race? 

I am: 

White 

Black or African American 

American Indian or Alaska Native 

Asian 

Native Hawaiian or Pacific Islander 

Other OR prefer not to say 

 

Q5. How many hours per day do you play on touchscreen devices (Mobile phone, iPad, 

Tablet? ...) 

Less than an hour 

1 hour - 2 hours 

2 hours - 3 hours 

More than 3 hours 

 

Q6. I am going to play this current game on a ----- 

Touchscreen Laptop 

Tablet 

iPad 

Mobile phone 

Laptop or PC with mouse 

None of the above, please mention what is your device 

________________________________________________ 
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APPENDIX E: GAME FEATURE SURVEY 
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Table 14: Game feature questionnaire, developed by author 

Please indicate how you felt while playing the game: 

How would you rate your overall experience in the game? 

Did you find it easy to start playing the game? 

Were the controls easy to understand and use? 

How much did you like the sound in the game (did the sound help with the game play) 

How much did you like the clouds? 

How much did you like the environment in the game? 

How much did you find information buttons (Questions marks in the game) useful? 

Were the environmental effects visually compelling for the experience? 

When you moved the sliders, you could tell they were changing things in the environment, 

did this feel good to you? 

Would you recommend this game to a friend? 
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APPENDIX F: PRE-TEST/POST-TEST QUESTIONNAIRE 
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Match the name of the clouds based on the pictures. 

 Altostratus Cumulus Cirrus 

    

    

    

 

Match the name of the clouds based on their height. 

 Low-Level Mid-Level High-Level 

Cumulus    

Altostratus     

Cirrus 
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What is the weather condition if the cloud elevation and temperature and humidity are as 

bellowed image? 

 

 

 

 

 

 

 

Which type of clouds cover the entire sky? 

Cirrus Clouds Altostratus Clouds Cumulus Clouds 

   

 

What fact is true about Cirrus clouds? 

They are 

low and colored 

gray or white 

They look like fluffy   
They found very 

high in the sky 

They are the 

white streaks left behind 

by airplanes 

    

 

High level clouds appear 20,000 feet above the surface of Earth. 

Just Cloud Rain Snow 
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True False 

  

 

Thin, wispy clouds high in the sky are 

Altostratus clouds Cirrus Clouds Cumulus Clouds 

   

 

Which of the following is NOT a part of weather? 

Clouds Temperature Tides Humidity 
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