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Abstract 
The primary reason for dropping out of school is associated with student disengagement in 

classrooms. Almost 25 million girls and boys aged 5 to 16 are out of school in Pakistan and this 

percentage further elevates as the education level increases. Integrating technology in education 

not only enhances student engagement, but also boosts academic achievement.  However, 

Science revolves around the abstract concepts that are hard to comprehend by most of the 

students.  Instead of teaching science concepts through conventional instruction, educational 

technologies are embedded in Science education to make learning more fun and engaging. To 

boost student engagement and learning performance, an educational app on Science was 

developed targeting 8th grade students. 

This study is quasi experimental with convenience sampling of the participants. This study 

includes four phases. In phase 1, an educational app on Science was developed targeting 

misconceptions regarding patterns of reactivity. In phase 2, pre test based on content knowledge 

was conducted. In phase 3, intervention started which lasted 3 weeks. In phase 4, post test similar 

to pre-test was conducted  followed by focus group discussions. The outcome was analysed and 

it was revealed that the learning app on science “patterns of reactivity” has a significant effect on 

student engagement. Moreover, this app promoted significant gender disparity among students. 

Contrary to these outcomes, this app does not result in significant gain in the learning outcomes 

of experimental groups. However, no significant difference was found in the student 

achievement between control and experiment groups.  

To gain insights and study the trends of various engagement factors, qualitative analysis was 

collated with quantitative data collection methods. This study contributes significantly to the 

existing literature in terms of student engagement and gender difference. Apart from this, the 

present study could be an alternative solution for the children who do not attend the schools 

especially in Pakistan due to certain reasons. Moreover, this study suggests future researchers to 

minimize the gender gap and further, deduce a solution that promotes low cost but a quality 

education enhancing retention and eradicating illiteracy particularly in the context of Pakistan. 

Keywords: Student Engagement, Game Based Learning, Learning Performance, Science Education, 

Gender Difference, Educational Technologies, Digital Games, GBL 
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1 Introduction 
 

It is hard to neglect the significance of Information and Communications Technology (ICT) in 

high school education due to recent trends and widening scope of technology.  Lots of interest 

has developed in using the idea of integrating educational technology in schools, recently. The 

benefit of using a computer or digital technologies in an educational context is their ability to 

enhance learners’ engagement, which contributes to better learning achievement. 

1.1 Problem Statement 

According to a survey conducted by Annual Status Education Report (ASER) in 2014, 21% of 

children (aged 6-16) in Pakistan were reported to be out-of-school, which has almost remained 

the same as compared to the previous year i.e., 21%. Among these 21% children, 15% children 

have never been to a school while 6% children have dropped out of school for various reasons 

(ASER 2014). One of the main reasons for dropping out of the schools is disengagement in the 

classroom (Finn 1989). This notion is further supported by Ulmanen et al. (2014) who 

discovered that the chances of disengaged students to drop out of schools are greater. Moreover, 

dropping out of the school has remained the serious concern in Pakistan (AlifAilaan 2015). 

Almost 25 million girls and boys aged 5 to 16 are out of school in Pakistan and this percentage 

further elevates as the education level increases (AlifAilaan 2015). Moreover, it has been found 

out that almost 85% children are out of school by the time they reach higher-secondary schools 

(AlifAilaan 2015). The education of girls, especially in Pakistan is essential since more than half 

i.e., 55% of all out of school children are females (AlifAilaan 2015).Moreover, the reasons of not 

attending schools as reported by the parents are associated with location of school, cost of 

schooling, early age marriage, and parents, themselves, unwilling to send their children to school 

(AlifAilaan 2015). 

 Some studies reported that 40-60% of students are disengaged by the time they reach high school 

(Marks 2000). According to the investigation reviewed by Pietarinen et al. (2014), the proportion of 

reduced  affective gain among students in schools of Organization for Economic and Cultural 

Development (OECD) countries is 25% and the proportion of regular absenteeism  of students from 

these schools is 20% .Furthermore, reduced engagement levels resulted in low achievement among 
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students, negative attitude and dropping out of school (Pietarinen Ibid 2014).Engaged students have 

two characteristics common in them a) performing better in the studies, and b) getting good grades 

in state administered tests (Pietarinen ibid 2014, Ladd and  Dinella 2009, Schunk and Pajares 2005). 

Moreover, student engagement demonstrated the direct correspondence with achievement contrary 

to dropping out of school (Fredricks et al. 2004). However, learning can be made fun for such 

students, who are in danger of dropping out of schools, simply by enhancing their learning 

motivation through games (Toussaint and Brown 2015). The acceptance of edutainment (blend of 

education and entertainment) and games is higher among preschool and early school kids, but it is 

harder for teachers to motivate and engage the middle and high school kids  than younger children in 

school studies due to lack of teachers and parents’ interests in games and edutainment (Brom et al. 

2011). However, engaged students find learning meaningful, earn better grades and are determined 

while facing problems throughout their education as compared to disengaged students who suffer 

from their studies (Ulmanenibid  2014). Moreover, students engaged in school learning activities 

were found to be engaged throughout their school life (Ulmanen Ibid 2014). In addition to this, 

engaged students are inclined towards investing more time and exerting much effort in their 

education throughout their education and such students are more inclined to be efficient and 

persistent in problem solving hence, boosting engagement in school learning activities and 

preventing them from negative states leading to anxiety (Ulmanen ibid 2014). 

Apart from this, students start losing interest in conventional instruction of Science because it 

requires rote learning of facts which is the drawback of such instruction (Li and Tsai 2013). 

Moreover, lack of teaching aid and styles used in science class and the difficult language of 

science made it difficult for students to comprehend the complicated theoretical concepts 

(Woldeamanuel et al. 2014). In a similar way, for students to be successful in high school 

science, they are required to master the important experimental ideas and skills in order to 

comprehend the most difficult and in depth scientific concepts taught by their instructors (Mo 

et al. 2013). Therefore, Mo ibid (2013) considered 8th grade as an essential and critical point 

for interest development and positive attitude of the students in science education. 

It is hard for most of the secondary and college students to get the gist of science and these 

students keep on struggling with themselves to learn Chemistry throughout their education and 

many among them fail to do so (Woldeamanuel ibid 2014). According to Woldeamanuel Ibid 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Tsai,+C&fullauthor=Tsai,%20Chin-Chung&charset=UTF-8&db_key=PHY
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(2014) and Kamisah and Nur (2013), students still have misconceptions comprehending the basic 

concepts of chemistry. Such misconceptions held by the students never change through their 

education. However, the students seem interested in considering the pedagogical (the way of 

teaching) demands of teaching and learning and proposed that collaborative work, student 

centered learning environment, use of educational technology, students’ motivation, and 

conceptual understanding might accomplish better comprehension of Scientific concept 

(Woldeamanuel Ibid 2014). In his study, Tatar Ibid (2013) found that the educational technology 

helped students learn about their misconceptions, correct them and learn the unlearned concepts 

relevant to the subject. 

A survey was conducted on students of 9th grade prior to the intervention of the present study 

which revealed that 60% of the students regarded Chemistry as a difficult subject to comprehend, 

whereas 30% of the students found Physics difficult and remaining 10%  of the students found 

Biology difficult to comprehend. In conclusion, the students faced difficulty comprehending 

chemical formulas and reactions since such concepts made them lose their interest in subject 

matter. 

1.2 Synopsis of relevant literature 

Several researchers (Zafar et al. 2014, Terri 2014, Keengwe and Hussein 2014, Li and Tsai ibid 

2013, Tatar ibid 2013, Klisch et al 2012) have recommended the integration of educational 

technologies in schools  including digital ames, Game Based Learning (GBL),and  animations as 

a part of the curriculum in several domains such as mathematics, science, and arts. 

The implications of games on student learning and engagement have been identified by 129 

reports (Lester et al 2014). New Media Consortium’s Horizon Report restated that GBL is a 

primary innovation that carries great potential to have a huge impact on education. According to 

Lester Ibid (2014), computer games in learning science, motivate individual learners by offering 

them with great challenges, instant feedback and adapting according to their demands and 

interests. 

1.3 Desirability of research 

Though, extensive research has been carried out on the implication of educational technologies, 

and GBL on learners’ engagement and their learning performance. Still, several authors (Dorji et 

al 2015, Chang et al 2014) have recommended that there is a need of more research studies that 
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can address the interaction between learning methodologies and genders on learning 

achievement and develop the strategies to enhance game engagement among genders of both 

types. 

It has become important to address the out of school children and drop out issues in Pakistan and 

promote girls’ education equality. Moreover, there is a need to provide low cost and easily 

accessible and quality education targeting children from varying socioeconomic status in 

Pakistan especially girls. 

1.4 Purpose 

The purpose of the present study is to evaluate the impact of an interactive educational 

application of Science “Patterns of Reactivity”, designed and developed for 8th grade students on 

their learning performance, and engagement. This study also identifies the relationship between 

learning approaches (receiving Science traditional instruction and an educational app instruction) 

and gender differences. The  present study sought to formulate the following null hypotheses; 

H01:  Learning through an interactive Science app “Patterns of Reactivity” has no significant 

effect on student engagement. 

H02:  Learning through an interactive Science app “Patterns of Reactivity” has no significant 

effect on learning outcomes. 

H03:  Learning through an interactive Science app “Patterns of Reactivity” has no significant 

effect on gender differences. 

1.5 Engagement in Science 

In general, Newmann et al. (1992) defined engagement as “psychological investment in and 

effort directed towards learning, understanding, or mastering the knowledge, skills, or crafts that 

academic work is intended to promote” (p-12) and “engagement refers to the quality of a child’s 

or youth's connection or involvement with the endeavor of schooling and, hence, with the people, 

activities, goals, values, and place that comprise it” (Skinner et al. 2009, p3). This research study 

is focused on emotional engagement concerned with emotions, student interestwork and 

behavioral engagement is concerned with positive body language, attention, and confidence 

while initiating and completing activities in the Science class (Mo et al. 2013, Jones 2009). 
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1.6 Synopsis of research method 

This study followed the approach of  equivalent sample pre and post-tests quasi experimental 

research design using certainquantitative and a qualitative data collection methods (Cohen et al. 

2007). Student engagement was observed towards the work during the experimental process. 

Learning Achievement Test was conducted before and after carrying the experimental process 

followed by focus group discussion. In this study, the two learning methods were compared 

(educational app based Science instruction versus non-learning app based Science instruction 

also known as conventional instruction) based on their effectiveness. To smooth out the variable, 

the study assumed that all students at the school under study were from a varied socioeconomic 

background. They had a very similar prior knowledge of science concepts and skills and were 

equally capable before randomly allocating them to the treatment and control groups. 

Though, gamification has been embedded in designing the learning activities of Science based 

app , but serious gaming, video games based learning, pedagogical agents (avatars or characters 

speaking or communicating with the students) and virtual reality are beyond the scope of this 

study. Constructivist learning theory promoting individual learning is discussed in this study; 

however, social constructivist learning theory is beyond the scope of this study. However, this 

app was not pilot tested prior to intervention. This study promises to offer a valuable impact on 

Pakistan with increased retention rate. This study delivers a reliable, low cost and easily 

accessible solution to the individual and classroom students. This research study mold the overall 

report in six chapters, including this introductory chapter. The second chapter starts by laying out 

the theoretical underpinning of the research, and looks at how trends of game based learning in 

ICT has changed over time, what pedagogical aspects and instructional design elements should 

be considered while developing procedures for engaging students in Science learning.  The third 

chapter is concerned with the quasi experimental research framework and in-depth data 

collection methods used for this study. The fourth chapter analyses the results of the various 

methods employed in data collection followed by focus group analysis. The fifth chapter 

discusses the consequences of the findings of the present research study. Chapter six draws a 

conclusion by giving a brief summary of the findings. Chapter seven recommends or suggests 

the area for further research. 
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2 Literature Review 

2.1 Background 

Science classrooms play a major role in enhancing students’ participation and performance 

(Lester ibid 2014). Despite this, such classes neglect the curiosity of children about the natural 

world when they enter in school (Lester ibid 2014). However, Lester ibid (2014) has suggested 

that any nation can advance only if the individual’s interest is developed in scientific proficiency, 

achieved by minimizing the rote learning of facts and focusing on the scope of content that 

actively engages the learner in critical thinking and deep learning of core scientific concepts and 

ideas. Many high school students lack the skills of self directed learning and cannot learn without 

any assistance, guidance or coaching (Toussaint and Brown 2015). In fact, students prefer using 

technology and games in their studies and take interest in learning. This sort of learning replaces 

conventional teaching methods (Toussaint and Brown ibid 2015). 

According to Tatli and Ayas (2013), it is equally challenging and difficult for students to 

construct abstract concepts in chemistry as teachers do not help them in constructing difficult 

concepts in their minds, such as a chemical change unit. The abstract concepts in chemistry are 

one of the main hurdles having a bad impact on student achievement (Tatli and Ayas Ibid 

2013).As a consequence, this obstacle can be overcome through technology based alternatives in 

chemistry (Tatli and Ayas Ibid 2013).Since past studies reported that considering the vitality of 

lab work in chemistry courses: a) confusion and hesitation in conducting experiments, b) an 

enormous amount of effort and time needed to perform experiments, and c) safety concerns arise 

while embedding lab work in conventional chemistry courses (Tatli and Ayas Ibid 2013). 

However, technology boosts the conventional instruction instead of replacing it (Terri 2014). 

Qualities such as motivation and emotions are the prime means of achievement in science (Mo et 

al. 2013). Tatar et al. 2013 has developed educational software for electricity in his study and the 

main focus of this software was on addressing students’ misconceptions and comprehension of 

learning concepts. In general, Tatar ibid (2013) and Mo ibid (2013) suggest that misconceptions 

held by the students can only be addressed through proper teaching methods and materials as the 

future career of eighth grade students revolve around it. Moreover, Tatar ibid (2013) points out 

that effective educational software has the potential to enhance students’ learning and boost 

positive affective skills, thus eliminating the misconceptions held by the students. This view is 

supported by Keengwe and Hussein (2014) who stated that the use of computer technology can 
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increase the learning efficiency and motivation. Since, it has already been proven that learning 

gets up to 40% faster through educational technology due to its tendency to enhance time-on-task 

of the students (Keengwe and Hussein ibid 2014). Games in its student-centered model of design 

contrast from the formal teacher-centered and content-driven education (Jan et al. 2015). 

According to Domínguez et al. (2013), apart from promoting knowledge based on facts, 

educational games also encourage higher order thinking. Enjoyment and fun are essentials when 

adapting new tools as the learner is more at ease and eager to learn and motivate (Prensky 2001).  

Huang and Saman (2013) investigated that motivation and engagement are generally considered 

essentials to encourage a particular conductor task completion.  According to Byun and Loh 

2015, Finn and Zimmer 2012, Orthner et al. 2010; there is a less likelihood of engaged students 

to drop out of school. Huang and Saman ibid (2013) has also discussed the purpose behind the 

low performance of students and dropping out of school and further stated that boredom or 

absence of engagement leads to absenteeism which makes the students less eager to return to 

school.  

According to Huang and Saman ibid (2013), gamification has turned into a prominent strategy to 

encourage practices, and boost further engagement and motivation in today’s computerized era. 

Presently, this practice is being implemented in educational programs offering instructor's 

assistance with finding balance between accomplishing their targets and considering the 

demands and interests of the students (Huang and Saman ibid 2013). Schools are usually blamed 

for the academic accomplishment of the students, instructors should offer students with 

opportunities to accomplish their learning achievement by identifying activities for them and 

understanding the way they learn (Parsons et al. 2014).  

2.2 Student Engagement 

Recently, student engagement has gained a lot of attention (Parsons ibid 2014). Though, students 

are required to be actively engaged in order to earn better grades, but engagement keeps on 

declining as students advance through elementary to middle school, therefore, educators need to 

consider and encourage engagement at all grade levels (Parsons ibid 2014).According to Parsons 

ibid (2014), it is hard to isolate student engagement from their environment. Students feel 

energetic, actively take part in discussions, and show a positive attitude towards their work when 

highly engaged whereas students feel bored and not interested about learning tasks when 

disengaged (Parsons ibid 2014).  
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2.2.1 Emotional and Behavioral engagement 

Engagement variables such as emotional engagement concerned with the emotional aspects, 

affect, interest, motivation to engage in a task, feelings, enjoyment, happiness, enthusiasm, 

support, and perceptions towards the educational environment (Hsieh et al. 2015, Pietarinen et al. 

2014, Parsons Ibid, 2014, Mo Ibid, 2013, Hampden-Thompson and Bennett 2013, Tatar ibid 

2013, Mitchell  and Carbone 2011) and  behavioral engagement  concerned with time on task, 

involvement in tasks, effort exertion, persistence, confidence, exhibiting positive body language 

and mental effort (attention and concentration) (Hsieh Ibid, 2015, Pietarinen Ibid 2014, Parsons 

Ibid 2014, Mo Ibid 2013, Mitchell and Carbone Ibid 2011, Skinner Ibid 2009, Jones 2009) are 

used in this study. 

According to Mo ibid (2013), the positive attitude of students in learning science led to better 

science achievement thus promoting emotional engagement in the US and other countries. This 

notion is further supported by Tatar Ibid (2013) who revealed that the computer assisted 

instruction method influences the positive attitude of the students towards science prompting the 

extensive use of computer animations in science education. In his study of identifying the impact 

of embedding animations and videos in instruction, Tatar ibid, 2013 concluded that students 

were actively engaged while learning concepts interactively using educational software.  

2.3 Gamification 

In general, gamification can be defined as “the application of game-like mechanics to non-game 

entities to encourage a specific behavior” (TeachThought Staff 2015). Marczewski (2012) argued 

that in gamification, game elements are implemented in the real world to further influence 

behavior, boost motivation and engagement. Gamification can also be defined as “a form of 

service packaging where a core service is enhanced by a rule-based service system that provides 

feedback and interaction mechanisms to the user with an aim to facilitate and support the user’s 

overall value creation” (Huotari and Hamari 2011, p-3). Kapp (2012, p-10) defines it as “using 

game based mechanics, aesthetics and game thinking to engage people, motivate action, promote 

learning and solve problems”. Leaning (2015, p-159) defines it as “a process applied to an 

existing service or experience which will result in a different (and hopefully enhanced) 

experience for users”. 

In fact, gamification is not GBL and does not demand students to play games, with toys, use 

gadgets, and set up extensive frameworks of experience points, and badges (TeachThought Staff 
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Ibid 2015). Gamification for commercial purposes has been integrated into social platforms as a 

way to create confined relationships between the platform, thus implying its use in education as 

an instrument to boost student engagement and to encourage desirable behavior on them 

(Domíngue ibid 2013). According to Reiners et al. (2015), game design elements are utilized to 

transform the non gaming context into gamification that increases engagement and achieve 

specific learning outcomes, moreover, embedding gamification principles in education lead to 

improved outcomes, active learning and enhanced engagement in conventional classrooms. 

According to Barata et al. (2013), a new technique called gamification is used to keep students 

engaged and motivated in learning context. In order to fulfill this purpose, the gamification is 

being used to integrate game elements and mechanics to non-gaming context. According to 

Huang and Saman ibid, 2013, Gamification is described as the process of implementing game 

elements of the real world or activities by extracting fun and attractive game elements apart from 

engaging and motivating individuals and groups to prompt certain behaviors and influence 

outcomes. Gamification is not dependent on knowledge or skills, rather it has a direct impact on 

engagement and motivation and indirectly results in promoting knowledge and skills and 

therefore, prompts students to act; for instance, the skills will enhance if students are motivated 

to practice computer programming and knowledge will foster if students are motivated to 

memorize (Huang and Saman Ibid 2013). According to Leaning ibid (2015), significant  amount 

of research has  been conducted on the use of gamification in instruction and finding the ways to 

boost engagement with a core subject matter in a gamified activity. Furthermore, the game leads 

to enhanced engagement and participation in a learning activity (Leaning ibid 2015). The aim of 

gamification is to enhance learning engagement and motivation in education by introducing 

game elements such as level, badges and leader boards, though; gamification into education has 

gained limited attention by researchers (Paisley 2013).  However, much research on adolescents 

and game play or the application of games into technology based classes has been taken into 

consideration and much literature on using games in learning has already been reviewed by the 

reviewers (Paisley 2013). Moreover, gamification has the potential to further boost engagement 

and motivation in the classroom (Paisley Ibid 2013). Game mechanics used in non gaming 

context have demonstrated the motivational aspects of individuals to achieve certain goals solve 

social problems and perform a task or activity in a systematic manner (Paisley Ibid 2013). A 

study on gamification of eLearning course conducted in University of Colorado resulted in 
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significant gain of 14% among the students who received instruction via gamification approach   

than those students who received instruction via conventional approach thus deeming 

gamification as an effective learning tool (Medved 2014). Gamification converts the whole 

learning process into a game by taking into account the game mechanics, such as, achievement 

badges, points, leader boards, progress bars, levels, and quests and game play elements and their 

application to existing educational courses and content to further boost learning motivation and 

engagement (Medved Ibid 2014). 

2.4 Educational Technologies ( Digital Games Based Learning and 

Gamifiaction) 

In general, Hung et al. (2014) considered Digital Game-based Learning (DGBL) as computer 

games used and developed for educational purposes that actively engage students in critical 

thinking or acquiring learning whenever confronted with the challenges in the game. Learning 

through games is simply called game based learning (TeachThoughtStaff  2015). Game based 

learning (GBL) is not about obsessing over video games, it even does not require video games, 

nor the students play the game, which in this case is a video GBL, rather GBL is the use of the 

basic design of most games to learn (TeachThought Staff  2015). 

In addition to this, GBL trigger learning engagement, motivation and enjoyment thus boosting 

the retention, recall of information and prompting the social and cognitive skills development 

(Terri Ibid 2014).  

TeachThought Staff (2015) has contrasted between the two terms, gamification and game based 

learning. According to them (TeachThought Staff 2015), gamification is about “encouragement 

mechanics and the system that boosts them while GBL is about the game and the academic or 

game’s content that increases cognitive gains” (TeachThought Staff 2015).Both approaches lead 

to become expert in content learning but these approaches  are not solely utilized in classrooms.   

This is the reason; students will probably like those tools (TeachThought Staff 2015). This 

notion is further supported by Medved ibid (2014) who differentiated both, gamification and 

GBL, and described that “gamification is taking a learning process and applying game principles 

to it, GBL is taking a game and using it for learning.” Moreover, the objective of GBL is to teach 

a certain skill or a learning goal instead acting like a ‘pedagogical system’ (Medved ibid 2014). 

However, pedagogical and learning needs should be considered in real education setting to make 

GBL more efficient (Terri ibid, 2014). Furthermore, research has demonstrated that GBL 
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approach is better compared to traditional instruction because it enhances the student learning 

performance (Terri ibid 2014).   

2.5 Impact of Digital Game Based Learning and educational technology 

According to Brom et al. (2011), cognitive and affective elements are the primary focus of 

computer GBL with regard to Bloom’s taxonomy of learning goals. The educational computer 

games not only increase the motivation of learners but also create inherent motivation through 

fantasy, control, test, interest, and rivalry and/or collaboration (Brom ibid 2011). The context in 

which GBL takes place for upper elementary science instruction has undergone designing, 

development and iterations to further refine it for as long as four years (Lester ibid 2014). In 

general, Tatar ibid (2013) has proven the effectiveness of CAL in instruction by enabling the 

learning of abstract concepts easily. Digital games are attractive because they offer students with 

engaged and joyful learning experience; and encouraging their learning interest, motivation and 

engagement (Li and Tsai 2013). According to Chu and Hung (2015), there is a likelihood of 

digital games to become an educational trend as games make their applications worth able in 

education by demonstrating elements of instruction, entertainment besides practicing and 

discovery of new skills, boosting self esteem, and evolving attitudes. However, several 

researchers investigated 68 studies on DGBL and further explored that out of 68, 22 (32%) 

studies demonstrated significant differences and resulted in better performance opposed to 38 

(56%) studies, which carry no significance (Chu and Hung Ibid 2015).  

Studies proposed increase in learning and enhancement of teaching experience through the use of 

games amid the learning procedure (Yousef et al. 2014). Moreover, critical thinking, retention, 

creativity, and cooperation are developed and ideas are further strengthened due to the 

educational games as they can contribute emphatically to the learning environment (Yousef  ibid 

2014). This notion is further supported by Zafar et al (2014) who stated that compared to 

traditional instruction, educational computer games offer more creative and beneficial 

environment to the children.  

In general, CAL refers to the formation of computer technology along with a blend of self 

learning principles that not only boost the learning motivation and instruction process, but also 

adapts according to the learners’ speed (Tatar Ibid 2013). Furthermore, CAL affects students 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Tsai,+C&fullauthor=Tsai,%20Chin-Chung&charset=UTF-8&db_key=PHY
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cognitive and affective skills by promoting science achievement and self efficacy, and by helping 

them in the development of learning concepts, attitude towards science and assisting them in 

career planning (Tatar Ibid 2013).Apart from this, computer animations boost the learning 

motivation by drawing students’ attention towards the subject (Tatar Ibid 2013). Moreover, Tatar 

Ibid (2013) analysed that computer animation helps in comprehension of learning concepts by 

enhancing interest, curiosity and positive attitudes of the students towards the subject. Previous 

literature on gaming revealed that students reported themselves more motivated and interested in 

gaming activities and learned better as compared to the conventional instruction approach (Brom 

Ibid 2011). However, their cognitive performance measured immediately after the experimental 

process was found to be less effective compared to other kinds of instruction (Brom Ibid 2011).  

In addition to this, a previous study by Li and Tsai Ibid (2013) investigated that Science digital 

educational games offer a promising approach to learning and concluded that the use of 

computer games with language, history, physical education, and mathematics boosts learning and 

enhances motivation, attitude towards these domains.  

2.5.1 Game Based learning in science classrooms 

According to Lester Ibid (2014), few studies on randomized controlled trials and quasi-

experimental approach directed at students revealed that the GBL environments in the context of 

the classroom were successful and primarily focused on the classification of learning outcomes 

or effectiveness (Li and Tsai Ibid 2013). In this regard, lots of research has been conducted on 

the positive use of DGBL in schools (Terri Ibid 2014). In addition to enhancing the learning 

accomplishments of students and their attitudes towards learning science, DGBL methodology is 

considered useful in Science education (Chu & Hung Ibid 2015). 

According to Jan Ibid (2015), a survey conducted by the Joan Ganz Cooney Center in 2011 

revealed that among 505 US instructors of mostly of 5th grade, only 18% of them utilized games 

in their classroom on a routine basis whereas 32% of them utilized games 2-4 days per week (Jan 

Ibid 2015).Moreover, 70% of these teachers agreed that the use of games enhanced learning 

motivation and engagement with content or curriculum in classrooms (Jan Ibid 2015). It has also 

been revealed that games emerge as a well known method for teaching and learning in Asian 

countries such as, Singapore (Jan Ibid 2015). 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Tsai,+C&fullauthor=Tsai,%20Chin-Chung&charset=UTF-8&db_key=PHY
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2.5.2 GBL and student learning outcomes 

According to Harris (2011), student learning refers to a curricular or intended learning contrary 

to the learning via taking part in a class activity or via physical presence in the classroom. A 

study conducted by a researcher concluded that usage of computer games in learning yields 

better cognitive gains and positive attitudes of students compared to conventional instruction (Li 

and Tsai Ibid 2013). In addition to this, Cheng-Yu et al (2014) reported that educational 

computer games resulted in an enhanced academic performance, motivation, and satisfaction of 

the students probably adding to a more intriguing learning environment. In short, education 

computer games contribute to an increased motivation of the students by enhancing their 

learning interest (Cheng-Yu ibid 2014).  

Previous studies revealed that the learning performance and contentment of students were 

enhanced through digitization of educational games (Cheng-Yu ibid 2014).  Apart from this, 

Lester ibid (2014) investigated the integration of GBL in Science classrooms over augmented 

timeframes with an instructor driven implementation opposed to researcher driven 

implementation. The outcome supported the developing patterns in game play in which high 

school students using a gaming approach outperformed non-gaming students and the findings 

supported the thought that GBL affected positively content knowledge on a science topic and 

critical thinking skills and enhanced student engagement (Lester Ibid 2014). This notion is 

further supported by Hung Ibid (2014) who mentioned that educational computer games can lead 

to enhanced learning performance, attainment and accomplishment because of their capability of 

boosting learning motivation of the students. Therefore, it has been found by Hung Ibid (2014) 

that for enhancing accomplishment and learning motivation of students, DGBL could be a decent 

approach.  

Moreover, Zafar Ibid (2014) supported the findings of previously mentioned authors and 

concluded that the educational games have the potential to help students boost their learning and 

achievement. Recently, Chu and Hung Ibid (2015) explored that educational games make 

students learn and acquire knowledge happily by permitting them to play with the games, and 

boast their learning interest. Moreover, Chu and Hung ibid (2015) deemed GBL as a learning 

assistant, and a motivation and an interest booster to learners hence, proving that the application 

of digital games to learning boost interest, motivation and accomplishment among learners. 

Many research studies on the implementation of educational computer games have been 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Tsai,+C&fullauthor=Tsai,%20Chin-Chung&charset=UTF-8&db_key=PHY
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conducted and these studies demonstrated that the computer games resulted in improved learning 

accomplishment (Chu and Hung Ibid 2015). In the context of fun-filled learning, educational 

games boost learning by promoting and motivating students as proposed by Dorji et al. (2015). 

 

In general, educational computer games along with computer assisted learning and teaching 

positively affect the learning interest, academic,  and learning performance of the students in 

science (Hung ibid 2014; Lester ibid 2014; Zafar  ibid  2014; Kushwaha et al. 2014; Tatar ibid 

2013). 

2.5.3 GBL and student engagement 

Student engagement has been thought to be an imperative variable for effective learning in 

multimedia learning environments including DGBL. According to Byun and Loh Ibid (2015), 

much research has been conducted on DGBL and its potential to engage learners while very few 

have focused on the actual engagement of learners in an interactive context of DGBL. Moreover, 

it has been revealed that out of an aggregate of 256 DGBL studies reviewed, only 8 empirical 

studies were about impact of game playing on learner’s engagement, which adds up to simple 

3% (Byun and Loh Ibid 2015).It has become critical for students to enhance engagement in 

science and such students are being offered with great opportunities to boost learning 

achievement in science (Mo Ibid 2013). The impact of engagement was found to be both 

stronger and weaker for different science classes (Mo Ibid 2013). However, student interest and 

self efficacy of students in science are highly correlated with science achievement (Mo Ibid 

2013). Recently, Chu and Hung (2015) reviewed several studies and concluded that the activities 

in the context of online GBL have engaged learners significantly and motivated them from 

inside. 

Cheng-Yu ibid (2014) has studied the elements that make the game more engaging by permitting 

students to tap and drag objects on user screen for movement and allowing them feel the flow of 

the challenging games such as prompting the students engaged in gamified activity. In his study, 

Chang et al. (2014) reported the contrast in game engagement levels by learner’s demographics, 

previous skills, and the measure of game play in mathematics performance. In general, Chang 

ibid (2014) discovered the critical impact of the gender interaction and measure of game play on 

the game engagement. Chang Ibid (2014) considered the time frame in a game, as an important 

factor of game engagement. Moreover, Chang ibid (2014) revealed that the students who tended 
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to play game longer displayed higher game engagement compared to students who played for a 

short duration of time as the latter one led to frustration because of taking longer than usual to 

adapt to the rules of the game. However, Chang Ibid (2014) suggested that researchers should 

not let students play games for a longer period of time as these results in boredom among 

students. Yousef  Ibid (2014) reviewed a study of gamification theory that was adopted as a test 

case program and this study revealed that the starting results of gamification in Kaplan 

University demonstrated 155% more student engagement. In addition to this, success and higher 

engagement are associated with each other as engagement leads to greater achievement, 

likelihood of graduation and satisfaction among students. Moreover, Yousef  Ibid (2014) has also 

discussed the process of motivating learners by making them feel secure, comfortable, relaxed, 

and valued. Furthermore, fun and excitement are stimulated by the game concept that will further 

prompt to positive input and engagement (Yousef Ibid 2014). As mentioned by Yousef  Ibid 

(2014), game(s) segments are integrated in GBL to prompt engagement and participation during 

the learning process of a student. However, it is primarily about fun and engagement and an 

interactive edutainment into a newly evolving and exciting medium (Yousef Ibid 2014). This 

notion is further supported by Terri ibid (2014) who wrote that GBL not only boosts learners to 

motivate, and enjoy learning along the way, but also encourages learning from their mistakes by 

offering them chances to compete, engage themselves, and give instant rewards. According to 

Zafar Ibid (2014), an association exists between the usage of technology and enjoyment since; 

the later one is the primary objective in gaming. Therefore, GBL motivates and engages learners 

thus keeping them absorbed in learning for hours (Terri Ibid 2014).  

In general, educational computer games and technologies have positively influenced the learning 

engagement, and the cognitive and affective skills of the students in Science computer 

animations (Hung Ibid 2014, Lester Ibid 2014, Tatar Ibid 2013).   

2.5.4 Engagement and Learning 

Many studies in the past have been conducted on educational games which demonstrated that the 

learning and motivation are affected by the engagement as games have the potential to engage 

learners (Abdul Jabbar and Felicia2010). According to Li and Tsai Ibid (2013), learning is a 

natural process that occurs while playing games therefore, effective principles and approaches 

are embedded in games facilitating positive learning outcomes and offering players with engaged 

learning experience. Terri Ibid (2014) further added to the game and found that digital games 
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encourage motivation, engagement, and student learning. As mentioned by Kushwaha ibid 

(2014), students’ engagement in learning is promoted by embedding interactivity in computer 

technology which enhances student achievement and encourages student motivation. 

Furthermore, such games benefit learners in introducing computer proficiency; science and 

innovation; preparation; enhanced visual, spatial, verbal, and iconic skills; expanded capacity to 

focus; and reaction time (Terri Ibid 2014). In general, student engagement and learning outcomes 

are the prime means of intrinsic motivation (Yousef Ibid 2014).  According to Shaari (2014), 

apart from mere energy to achieving a milestone, engagement demonstrates the psychologically 

invested or cognitively involved students during work. Moreover, the students who are more 

involved would perform better in academics in university life as involvement is an essential 

predictor of academic achievement (Shaari 2014).  This notion is further supported by Parsons 

Ibid (2014) who stated that educators struggle hard to design an engaging experience for learners 

as engagement is associated directly with learning achievement besides predicting learning, 

grades, scores, retention, and graduation of the students. 

2.5.5 GBL and Gender Difference 

Several researchers considered gender differences in GBL and recommended that gender 

sensitivity is deemed important towards educational games (Hsieh Ibid 2015). Gender difference 

has a significant role in digital game based learning approach when it comes to affecting learning 

achievement (Dorji Ibid 2015). Further, investigations have demonstrated that no gender 

differences exist in learning achievement and motivation (Hsieh Ibid 2015).  Few authors 

investigated whether such differences exist in game development skills demonstrated by 

students. Klisch Ibid (2012) and Chang Ibid (2014) revealed that the learning of girls from the 

games was significantly more rather than the boys. Moreover girls had a higher game 

engagement compared to males (Chang ibid 2014, Klisch ibid 2012). However, according to 

Dorji Ibid, 2015, past studies showed that the learning performance of males was significantly 

better compared to their female counterparts in DGBL methodology. Nevertheless, studies 

conducted by Lester Ibid (2014) and Dorji Ibid (2015) found no significant gender differences in 

learning achievement of GBL. Though, Dorji Ibid (2015) further investigated the equal learning 

gains between males and females in digital games and revealed that a learning gap between both 

genders can be reduced by encouraging learners to explore and construct knowledge instead of 

memorising answers. 
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2.6 Pedagogical aspects of GBL 

Learning and teaching processes of science are based on constructivist learning theory (Tatar 

Ibid 2013). Learners construct new information by using their own experiences, views and 

emotions while staying active in the learning process (Tatar Ibid 2013). Students need to learn 

and look for profound implications and understanding of the learning process which operate at 

high levels of cognition (Mitchell and Carbone 2011). Usually, students operate at levels above 

the comprehension level of Blooms taxonomy and at a relational response in Bigg’s Solo 

taxonomy (Mitchell and Carbone Ibid 2011). Tatli and Ayas Ibid (2013) found from several 

studies that students demonstrated high achievement score, frequent participation, and deeper 

attention in chemistry lab instruction involving constructivist learning approach. 

Several studies have already been conducted that utilized a framework of student engagement to 

further study learning outcomes and experience, but a significant number of these studies 

neglected metacognition as a part of quality learning (Mitchell and Carbone Ibid 2011). In 

general, metacognition implies that students are paying consideration to their own learning 

besides controlling their own learning behavior which further implies that the learner knows 

about the motivation behind the task and further explores the meaning associated with it as tasks 

impact learning and engagement (Mitchell and Carbone Ibid 2011). According to Abdul Jabbar 

and Felicia Ibid (2010), Bloom’s taxonomy i.e., remembering, understanding, and application; is 

an accepted approach for designing curriculum for learning purposes. Furthermore, several 

reviewers considered the usefulness of digital games on “spatial cognition, visual processing, 

attention, perceptual motor skills, and critical thinking skills and found positive effects, including 

changes in everyday habits such as eating habits” (Li and Tsai Ibid 2013).  

According to Li and Tsai Ibid (2013), digital games tend to offer both affective and cognitive 

learning experience to the individuals for science learning to take place compared to other 

instructional approaches. Moreover, adding affective environment in the context of digital games 

can offer students safe opportunities and fun-filled experiences to discover science, flexibility to 

investigate the problems in science, to construct and further explore science knowledge (Li and 

Tsai Ibid 2013).   

According to Mastang et al. (2013), visual learning is considered the most important style of 

learning as students learn through sight and this process takes place via visual information which 

is essential in learning scientific concepts. One of the best approaches towards science learning is 
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by presenting visualizations via animations (Mastang Ibid 2013).  In animation, many image 

moves by following a movement sequence contrary to conventional teaching approach where 

static image is presented to the students and teachers find it hard to explain it to their students 

(Mastang Ibid 2013). Apart from this, animation boost the retention of the students, thus making 

it stay for a long time in memory compared to static images (Mastang Ibid 2013). According to 

Hampden-Thompson & Bennett (2013), learning and engagement enhance when curriculum 

deals with present day issues, makes instruction style less didactic, promotes a student –centered 

learning, and exerts an effort to make science less challenging for the students. Students feel 

encouraged and motivated to further make science as their future career when classroom 

activities promote active, hands-on experience, independence and self directed learning, peer 

learning, collaboration with foreign students, and the learning that is not bound to one lesson 

termed as engagement points.. Moreover, Toussaint and Brown Ibid (2015) argued that engaged 

learners have the skills to learn independently as previously stated by Hampden-Thompson & 

Bennett ibid (2013) without external support such as guidance or coaching skills which still, 

many high school graduates lack. 

Previous studies reported that although, embedding technology in constructivist or student 

centered learning environment has been quite a success but, still many instructors do not have 

any idea of integrating technology into their curriculum successfully (Sandholtz et al. 1997). 

Moreover, the reason behind failing to implement technology is that instructors may not be 

prepared due to lack of skills in technology use and pedagogy related to technology (Sandholtz et 

al. 1997).Mostly educational software designed to enhance learning outcomes of students paid 

very little attention to the teaching dimension which led to the difficulty of embedding it into 

practice by such teachers (Hinostroza and Miller 2001). According to Huang and Saman ibid 

(2013), Michael Wu, Chief Scientist of Lithium Technologies highlighted that teachers often 

commit mistakes of gamifying an outcome instead of a behavior for instance, instead of 

gamifying better grades, one can gamify the whole process of students earning better grades 

therefore, instructors ought to take note of this that gamification works best when learning 

program is based on pure educational content and/or when significance of information is not 

obvious to the learners. In addition to this, the particular application of gamification or 

technology in curriculums leads to better teaching job (Huang and Saman Ibid 2013). 
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Nevertheless, it does not mean it ought to be a swap for a thorough educational program or usual 

instruction (Huang and SamanIbid 2013).  As the use of computers, internet and communication 

technologies have become common, it is easy for individuals to access games as games do not 

cost much and keep all players engaged and are fun for all age groups (elearning and Learning 

Management System LMS blog by GCube 2014). Furthermore, utilizing all of the 

aforementioned attributes in games designed for entertainment purposes will not only keep 

players engaged, have fun playing, but players will continue returning for additional as long as 

games are attractive to its players, they can be effective (Ibid). However, the world of 

educational and learning games has already been discovered and motivation and engagement are 

the major goals in learning games and these games not only engage learners, but also permit 

them to master knowledge and skills which are the ultimate goals of the learning games and 

essential in the workplace too (Ibid ). The author (Ibid) has considered the outcome, such as the 

transfer of knowledge or skills gained, in the gaming experience as the ultimate goal. Though, 

GBL technologies appear to enhance learning outcomes, but the instructors confront resistance to 

the adoption of this technology (Hamari and Nousiainen Ibid 2015). The resistance has been 

generally credited to inadequate resources regarding time and innovation and in addition, 

educators’ lack of competence and self-efficacy as for attainable methods for utilizing GBL 

technologies (Hamari and Nousiainen Ibid 2015). It is further connected to the view that games 

are regularly connected with play and entertainment while they are not compatible enough with 

teaching and their support is neglected, particularly by the individuals who have no gaming 

background and may in this manner be less open to trying different things with GBL (Hamari 

and Nousiainen Ibid 2015). However, teachers resist the use of technology in classrooms and 

consider it as a challenging task (Chai et al. 2013). Moreover, such instructors are not prepared 

to integrate technology specific to the subject in their instructions leading to the lack of strong 

theoretical framework (Chai ibid 2013). To address this, frame work such as Technology 

Pedagogy and Content Knowledge (TPACK)  is used to guide the instructors in the use of 

technology (Chai ibid 2013). TPACK offers “synthesized form of knowledge for the purpose of 

integrating ICT/educational technology into Classroom teaching and learning” ( Chai ibid 2013, 

p-32). The three constituents including Content, Pedagogical and Technological Knowledge, are 

blended and integrated together to give rise to TPACK framework (Chai ibid 2013).Several 

researchers in their study blended this TPACK framework with several other approaches to 
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devise a new pedagogical method that can facilitate teachers. According to Morris (2015), the 

present focus of GBL is on the influence of games in exploring and offering new chances of 

constructivist learning to school going children. The author (Morris 2015) deduced a teacher 

facilitated pedagogical approach, namely VISOLE (Virtual Interactive Student-Oriented 

Environment) that integrated constructivist online GBL in formal education.  

Instructor's play a major role in boosting learning and motivation through the use of GBL in 

classrooms and further escalate the willingness to use games in the classroom and expressing a 

positive attitude towards them (Foster and Shah 2015).  In addition to this, Foster and Shah ibid 

(2015) enlisted the various factors affecting the adoption of GBL in K-12 schools. Some of them 

includeda) school bell-schedules limiting the use of lengthy and complicated games, b) low 

quality technological  frameworks, c) restrictions creating hindrance in the integration of GBL, 

d) limited use of games at schools due to some acceptable user policies, and e) lack of GBL 

models to facilitate teachers. Therefore, a model based on pedagogy is required to implement 

games in K-12 schools.  The purpose of these games is to guide teachers and help students in 

learning and assessment. Hence, Foster and Shah (2015) proposed the GaNA model that offered 

teachers with adaptive framework and focused on pedagogy and content of games in the context 

of classrooms and used games for learning and teaching.  Previous studies produced positive 

results in boosting instructor’s capability to embed ICT in the instructions (Chai ibid 2013). 

However, more development is required through integration of technology for studying students’ 

learning conception (Chai ibid 2013). 

2.7 Instructional Design Elements 

Prensky (2001) described the elements of digital game. A digital game has a clear vision, 

consistent focus on the players’ experiences, strong structure, highly adaptable, easy to learn and 

hard to master, stay within flow state, and users with useful interface;  offers frequent reward, 

low and less penalties, and mutual assistance; and let the players explore, discover, and save the 

progress (Prensky 2001, p-23). Therefore, a game should be challenging enough to keep the 

interest of the learners intact and enhance their learning and engagement thus leading to further 

excitement (Klisch et al. 2012). In his study of measuring the effect of the game “Uncommon 

scents” based on drug education, Klisch Ibid (2012) found that students who were absent might 

be at a loss because this game might have benefitted the most and they were thought to be more 
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engaged. Although, GBL offers much promise in science education still, there is a need to 

conduct research that proves the effectiveness of new learning technologies along with the 

awareness of enhanced learning design (Li and Tsai Ibid 2013). Li and Tsai Ibid (2013) further 

studied the game elements that boost the engagement and investigated that few important game 

elements such as objectives, challenges and interactivity can add engagement and fun to the 

digital games.  

Moreover, Yousef  Ibid (2014) added more game elements to promote certain factors and stated 

that games offer fun, entertainment, competition, and excitement and need tolerance and 

determination to play them. Apart from offering fun, feedback is the vital aspect of the game 

since players move forward by achieving certain goals and with adaptable and continuous 

practice scores/rewards (Yousef  Ibid 2014). Yousef  Ibid (2014) has shared the experience of 

transforming passive and boring structure of game by further explaining that the games can 

change the passive and boring learning experience to active and engaging learning by 

implementing the framework of the games in the lesson such as rules, challenges, problems, 

goals, solutions, outcome, and point framework. In addition to this, games and difficulty levels 

should be tailored and considered according to the ability of the students otherwise this will lead 

to boredom or anxiety among them (Yousef  Ibid 2014). 

A recent study conducted by Hseih Ibid (2015) wrote that to motivate students to take part in 

activities, fantasy should be integrated into games. To enhance learning engagement; games 

should offer adequate challenges, instant and clear response, and playable experiences to the 

students (Hseih Ibid 2015). In addition to this, the objectives of the game can be tailored 

according to the needs of the students so as to make them attractive and encourage them to attend 

and engage in the tasks in GBL (Hseih Ibid 2015). In fact, interactivity with digital application 

leads to enhanced cognitive and affective experience of the learners (Hseih Ibid 2015). 

Through feedback, learning takes place in a game and learner is offered a reward for mastering 

skill or knowledge, or in case of failure, the learner is offered with a word and has to attempt 

again or seek help until a learner can do it (Prensky Ibid 2001).  It is essential in games to offer 

players with a feedback to make it more appealing (Huang and Saman Ibid, 2013). It is often 

complex because depending on the amount of feedback provided, a player can get frustrated too. 

Therefore, the game should adapt to the needs of the player which means that level of challenges 

faced by the player should go up or down automatically depending on what the player does 
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(Prensky 2001). This notion is further related and supported by Dominguez Ibid (2013) who 

investigated that the effect on the emotional area revolves around the idea of concept and failure 

in the game.  Moreover, when players accomplish tasks, they expect some positive emotions as 

the result of overcoming obstacles and this can be done by offering them with reward systems 

such as points, trophies or item on successful completion of the task that gives instant 

recognition of success to the players, whereas, players feel anxiety when they fail but if the 

degree of anxiety is unacceptable and undesirable, it may transform to frustration (Domínguez 

Ibid 2013). In order to avoid that, the sequence of tasks is designed to adapt to the skill level of 

player and on failure, these tasks give low penalties to foster experimentation and task repetition 

(Domínguez Ibid 2013). The player can be driven to a flow state which is highly motivated only 

if the level of difficulty is balanced correctly in the games (Domínguez Ibid 2013, Prensky Ibid 

2001). 

In the past, much research has been conducted on the evaluation of educational software 

interface design. However, studies that evaluated the activities in software supporting children’s 

learning needs are rare in number (Shiratuddin and Landoni 2002). Content presentation is 

considered essential while designing educational software to achieve certain sets of learning 

procedure (Shiratuddin and Landoni Ibid 2002). It is also important to take precise steps while 

designing the way the learning content is structured, presented and organised (Shiratuddin and 

Landoni Ibid 2002). Besides this, the user’s involvement plays eminent roles in the activities 

design to promote the success of pedagogic design (Shiratuddin and Landoni Ibid 2002). 

A Delphi method used by Williams et al. (2004) in his study investigated whether  the 

requirement of educators are being fulfilled by the present day educational software and the 

changes that should be incorporated to make it more effective where content and purpose was 

additionally a noteworthy concern. For this purpose, Williams ibid (2004) considered the 

summative and formative evaluation in order to evaluate the educational software where former 

one measures the student’s learning outcomes and the later one measure the accurateness of 

elements required to design instruction including the content, and interface and the extent to 

which computer is mediated and its use in classrooms. However, without formative assessment, 

which is a foundation of instructional frameworks plan, the suitability of a piece of learning 

software for specific students is questionable (Williams ibid 2004). Nevertheless, teachers are 

totally dependent on the commercial software publishers to produce quality educational software 
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and assume that these products are well designed, developed, and evaluated prior to their 

marketing which is not necessarily the scenario (Williams Ibid 2004). Moreover, publishers are 

not willing to talk about the instructional design and evaluation procedure of their educational 

software as they do not follow a particular set of procedures for evaluating the software and 

before marketing, few teachers or students evaluate their educational software (Williams Ibid 

2004). Technology is being utilized in inquiring about and solving the problems, a 

communication tool among learners, and is a prime element of learning and curriculum instead 

of acting as a segregated tool. Therefore, the educational software is socially, cognitively and 

pedagogically appropriate for the students foremost and is purely designed to actively engage 

learners in the process of self reflection and inquiry (Williams Ibid 2004). William Ibid (2004) 

found that 17% of the participants in his study represented that “educational software should be 

easier to use, self-explanatory and more intuitive”.  According to Williams Ibid (2004), segments 

of assessment and monitoring should be considered for meeting the needs of the software. 

Moreover, such software should offer teachers with several options, and adapt to the needs of 

various students by offering them different skill levels and the major consensus areas such as, 

software cost, its usability and the aim and content of the software. Participants raised several 

instructional design issues that further improved the educational software and grouped them into 

three major categories which included content, interactivity and usability (Williams Ibid 2004). 

Furthermore, Prensky Ibid (2001) listed the characteristics of a game which included a) fun( 

offers enjoyment and pleasure), b) play (offers intense and passionate involvement),c) 

interactivity( offers doing), d) adaptivity(offers flow), e) rules(offers structure), f) goals(offers 

motivation), g) outcomes and feedback(offers learning), g) win states(offers ego gratification), h) 

conflict/competition/challenge/opposition(offers adrenaline), and i) problem solving(sparks 

creativity).  

Challenged and engaging games need players to strategize, plan, synthesize, analyse, and 

evaluate (Dickey 2015). Dickey (2015) discussed three ways to target aesthetics in game design: 

a) art design, b) interactive design, and d) games as art. Dickey (2015) reviewed taxonomy where 

learning types were mapped to various learning styles. Learning outcomes are aligned to various 

categories of game which further aligns to the learning types based on Bloom’s taxonomy and all 

games have some goals and are bound to the rule and game mechanics are the prime element of 

making rules in a game (Dickey 2015). However, the success of an educational program is 
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dependent on considering the students benefitting from it and the environment in which program 

is being delivered while aiming at designing a program that permit the learners to achieve the 

goals of the programs where target audience and context are analysed to help consider the factors 

like age group, learning abilities, current skill set, group size of the students, environment, skill 

sequences, and time frame (Huang and Saman Ibid, 2013). According to Huang and Saman Ibid 

(2013), there are three goals associated with an educational software; it can either be behavioral 

(where students are required to concentrate in class, complete their assignments faster, and 

minimize distractions in class etc),  general instruction goals(where student is required to 

complete an assignment, test/quiz/exam or a project etc) or specific learning goals(students are 

required to comprehend a learning concept, perform a task or complete a learning program) or 

blend of them. In this study, only first and the last goals are associated with an educational app.  

As mentioned earlier, integration of game elements in non-gaming context is called gamification 

and these game mechanics/elements can be points, badges, labels, or time limitations and 

competition and sense of achievement among students (Huang and Saman Ibid 2013). A 

particular type of game elements utilized can prompt to various reactions from students and 

inappropriate use of gamification may backfire on instructors (Huang and Saman Ibid 2013). 

Several steps are involved in gamification of education to efficiently apply gamification elements 

in the learning process and achieve various learning objectives (Huang and Saman Ibid 2013). 

The context will determine the pain points after the clarification of learning goal and the analysis 

will be easier with the whole program breaking down into stages or milestones (Huang and 

Saman Ibid 2013). The currency (points, time, money, etc.) based tracking mechanism (measure 

students’ progress in the learning program), and rules are essential to develop levels and offer 

feedback on the students’ progress and self or social elements are applied where applicable 

(Huang and Saman Ibid 2013). After following these steps, instructor will run the game through 

a trial, compare the results with the defined objectives and then adjust the elements 

accordingly(Huang and Saman Ibid 2013).However, the efficient and accurate implementation of 

gamification of an education program relies solely on the proper and correct implementation of 

these steps (Huang and Saman Ibid 2013). 

Digital Game Based Learning (DGBL) takes place often through audio and visual stimuli as this 

form the basis of communication, and learning materials to the learners (Byun and Loh 2015). 

Moreover, DGBL is considered most engaging among all multimedia learning environment 
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(Byun and Loh 2015). Furthermore, an engaged student usually spends more time interacting 

with the content presented in DGBL environments as compared to the less engaged ones (Byun 

and Loh 2015). The learners will automatically take in more information while interacting and 

spending more time with the content presented (Byun and Loh Ibid 2015). As found by Byun 

and Loh Ibid (2015) recently, research revealed that very little is known regarding what game 

elements in digital games engage individuals in play learning (Byun and Loh Ibid 2015). 

According to the authors, audio and visual elements have the potential to directly affect the mood 

and emotions of learners during learning process which, in a sense, carries impact on 

engagement in DGBL environment (Byun and Loh Ibid 2015). Digital game enforces sensory 

stimuli upon its users and audial stimuli help involve learners and keep them behaviorally 

engaged (Byun and Loh Ibid 2015). Moreover, researchers found that the proper utilization of 

sound and feedback in DGBL environment carries an impact on player’s engagement besides 

visual elements such as high quality screen design, color, action and animation (Byun and Loh 

Ibid 2015). 

2.8 Gaps in existing studies 

In his study of science based digital games, Kilisch Ibid (2012) found significant gender 

differences. In order to make educational games effective among both genders, Kilisch Ibid 

(2012) recommended that the factors such as understanding games and their reliability should be 

considered while developing future games as these factors promoted gender disparity. Moreover, 

there is a need to fill the gap between student learning and their assessed outcomes i.e., games 

should provide students with enhanced scientific knowledge and problem solving skills  instead 

of limiting themselves to the rote learning of facts (Li and Tsai Ibid 2013). Zafar Ibid (2014) 

discussed that more research needs to be conducted on the effectiveness of computer games on 

education considering different context, environment, levels and tools. It has been reported that 

computer games are successful in supporting students in learning different strategies, making 

them stay attentive in classroom and establishing connections with the scenarios in class (Zafar 

Ibid 2014). 

Further discussion on the impact of DGBL on learning performance and transformation of 

learning, and knowledge needs to be considered (Chu & Hung Ibid 2015). Dorji Ibid (2015) 

stated in his study that gender difference and learning performance in DGBL approach are 

http://adsabs.harvard.edu/cgi-bin/author_form?author=Tsai,+C&fullauthor=Tsai,%20Chin-Chung&charset=UTF-8&db_key=PHY
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associated with each other and both are critical to each other and there is a need to address this 

interaction as well. 

2.9 Summary 

Learning motivation and engagement leads to better performance or achievement in science 

education and increases the retention rate in school. However, traditional science education 

results in boredom among students leading to negative behaviors and emotions, disaffection and 

misconceptions held by them which remains unchanged throughout their education. Moreover, 

students reported that in science, it was difficult for them to comprehend abstract concepts in 

chemistry. Therefore, digital game based learning or gamifiying the learning activity in the non-

gaming environment can further enhance learning, affective engagement and positive behavior of 

the students. Instructional game design elements and pedagogy are essentials to involve and 

engage students and instructors in the learning procedure and this has been discussed in detail in 

this section. However, few gaps exist in the previous research which will be addressed in this 

study. 
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3 Methodology 
 

This chapter aims to describe the methods and materials used to conduct the Quasi Experimental 

research.  The present study investigated the impact of an interactive educational desktop 

application of Science “patterns of reactivity” on student engagement in 8th grade classrooms. 

This chapter also aims to describe the research design, research setting and participants, 

educational app, and instruments designed, developed and used,  data collection and  divides the 

experimental process of this study in three phases of intervention i.e., pre-intervention, during 

intervention and post-intervention and discusses each of them in detail. 

3.1 Research Framework and Design 

The present study utilized a Quasi Experimental research framework. This method was 

employed to contrast or compare different groups. Four comparison groups were used in this 

study. Two comparison groups received traditional science instruction while the remaining two 

comparison groups received educational application instruction. However, in this study 

convenience sampling was adopted in the selection of schools because the school was easily 

accessible in terms of computer technology and for experimentation (Dissertation.laerd.com 

2015). This is a small scale study (in terms of cost and time) conducted on convenience sampling 

technique (Dissertation.laerd.com 2015). It is easy to collect useful data and information through 

various methods using convenience sampling (Dissertation.laerd.com 2015). Otherwise, random 

sampling requires a list of the population, which is impossible when resources are insufficient or 

hard to get permission from higher authorities or administration from school understudy 

(Dissertation.laerd.com 2015). However, the participants have been randomly allocated to the 

experimental and control groups. The random assignment ensures the high chances of 

equivalence between the experimental and control groups (Cohen ibid 2007). The reasons of 

random assignment were the class settings and its internal validity (Socialresearchmethods.net 

2015). The class settings were different in the school understudy and classes were segregated 

based on genders. Therefore, a class of 54 male students was further randomly divided into two 

groups i.e., experimental and control. Similarly, a class of 46 female students was randomly 
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assigned to the two groups (control and experimental) for this study. Moreover, random 

assignment relates to the internal validity of the study (Campbell 1966, Cohen Ibid 2007). 

Figure 3.1The Experimental Design of the present research study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2 Research Questions and Hypothesis 

The present study is followed by three research questions: 

RQ1: Does the treatment group (receiving Science app “PATTERNS OF REACTIVY” 

instruction) differ from the control group (receiving conventional Science instruction) in terms of 

student engagement for secondary school students of 8th class in Pakistan? The corresponding 

null hypothesis is: 

H01:  Learning through an interactive Science app PATTERNS OF REACTIVITY has no 

significant difference on student engagement. 

RQ2: Does the treatment group (receiving Science app PATTERNS OF REACTIVY instruction) 

differ from the control group (receiving conventional Science instruction) in terms of subject 
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knowledge for secondary school students of 8th class in Pakistan? The corresponding null 

hypothesis is: 

H02:  Learning through an interactive Science app PATTERNS OF REACTIVITY has no 

significant difference on learning outcomes. 

RQ3: Does the treatment group (receiving Science app PATTERNS OF REACTIVY instruction) 

differ from the control group (receiving conventional Science instruction) in terms of gender 

difference for secondary school students of 8th class in Pakistan? The corresponding null 

hypothesis is: 

H03:  Learning through an interactive Science app PATTERNS OF REACTIVITY has no 

significant impact on gender differences. 

3.3 Participants and Setting 

100 South Asian participants (including both genders) of  8th grade between the ages of 12 and 

15 belonging to different socioeconomic status enrolled at a low cost private school in an urban 

area of Islamabad Capital Territory, Pakistan took part in this study during the period Aug-Sep, 

2015.  

Of these students, four comparison groups were formulated based on Science instruction 

received. The first group was about 27 male students who received a Science educational app 

instruction. The second group was of 23 female students who received a similar instruction, 

Science based educational app instruction. The third group was about 27 male students who 

received conventional Science instruction and the fourth group was of 23 female students who 

received conventional science instruction. All students were randomly assigned to these four 

groups. 

The teacher involved in traditional Science instruction differed as well. These differences 

included teaching style, personality, and teaching experience (10-16 years of teaching 

experience). However, the teacher who taught using an educational app as an instruction had no 

teaching experience in the past, for which the study could not control. 

3.4 App Development Phase 

Prior to the development of an educational application, a general survey was conducted from 9th 

graders at the school understudy. The survey asked the students what science chapter they found 

difficulty in 8th class and reported the reason behind it. The majority of students answered 
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“patterns of reactivity” based on Chemistry. The reason behind finding Chemistry hard to 

comprehend was the misconceptions held by the students previously in this domain 

(Woldeamanuel ibid 2014 and Kamisah and Nur ibid 2013). Moreover, some of the basic 

chemistry topics revolve around the abstract concepts which are hard to comprehend by most of 

the students as reviewed in Chapter 2 (Tatli and Ayas 2013). In this study, C# and Unity 2D 

version 4.3 were adopted as a tool to design and develop an educational app, PATTERNS OF 

REACTIVITY. Unity 2D is a cross-platform tool. Users can run this app in Windows OS 

supporting RAM of 1GB and graphics driver of Shader Model version 2.0 or greater. The 

development phase spanned over one and a half months. 

3.4.1 Learning Objectives and Outcomes 

The learning app was designed and developed on Chemistry based lesson “Patterns of reactivity” 

in a Science subject for Secondary Classes 3 (Coppock 2007). Chapter 5, Patterns of reactivity 

aims to “1) show that although metals react in a similar way with oxygen, water, and acids some 

react more than others, and  2) establish and use a reactivity series of metals”. The associated 

learning outcomes with the objectives were to “ a) identify and describe similarities in chemical 

reactions between metals and oxygen, water and acids, b) recognizes differences in the reactivity 

of different metals, and  c) use differences in the reactivity of metals to explain some everyday 

uses and occurrence of metals” (Coppock 2007). 

3.4.2 Design and development 

TPACK frame work was utilized for the design and development of this learning app. This app 

was designed and developed for individual use and thus, this app did not promote collaborative 

or peer learning. Moreover, the learning through this app was self-directed and self-paced. 

TPACK framework blended the content knowledge, technology and pedagogy to promote 

students’ learning conceptions in Science as depicted in figure 3.2. Individual constructivist 

learning theory was utilized as the pedagogical approach in delivering the learning outcomes. 

Based on the learning outcomes and goals of the lesson, patterns of reactivity, three learning 

activities were designed and embedded in an app.  

 



42 
 

Figure 3.2TPACK Design Framework used in app development 

 

3.4.2.1 Activity 1 

It is hard for the students to memorize static images presented in the course or textbook.  To 

address this issue, videos and animations were embedded in the app to foster student’s retention.  

Videos were based on reactions of 13 different metals with Hydrochloric acid, water, and air. 

However, these videos were taken from different you tube channels of various users mentioned 

under credits section of an app. Moreover, the videos of few non-reactive metals were not 

available on the internet, therefore, for such reactions, Adobe Photoshop tool was adopted to 

create sprite sheet animations. In addition to this, audio, interactivity i.e., drag and drop 

functionality, extra information on metals, help, quiz, feedback, and videos were embedded as 

design elements in this learning activity. Figure 3.4 illustrates the flow of this activity based on 

reaction of metals. 



43 
 

3.4.2.2 Activity 2 

This activity was based on exploring the metals and their appropriate placement in an order of 

reactivity. Moreover, this activity prompts the user to place the metals in the racks in correct 

order of reactivity. In case of incorrect placement, the object or item retains its original position. 

However, on correct placement, a positive feedback appears on the screen of the user (as 

illustrated in figure 3.5). In addition to this, feedback, audio, goal defined at the top of the user 

screen, interactivity i.e., drag and drop functionality, extra information on pop up, and help were 

embedded as design elements in this learning activity. 

3.4.2.3 Activity 3 

This activity was based on constructing reactivity series. The aim of this activity was to offer 

users with self directed learning. This activity was gamified by adding several game elements to 

SHOOTING THE BALLOON. Table 3.1 indicates the game elements embedded in this activity. 

Lives, scores, progress tracking system, feedback, challenges (completing the level with in 

limited time frame), two levels, audio, goal, interactivity, and help were embedded as game 

elements in SHOOTING THE BALLOON game. Figure 3.6 illustrates the detailed flow of this 

game. 

Table 3.1Gameelements of SHOOTING THE BALLOON activity of an educational app 

Game Elements Application 

  

Levels Addition of four metal balloons in level 1. The addition of 6 metals 

balloons in level 2. 

Progress tracking system Elements placement in rack after correct metal balloon shooting. 

Reward System Scores. Increments on shooting correct metal balloons. 

Feedback Life loss on shooting wrong balloon. 

Challenge Completion of task within limited time frame. 
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Figure 3.3Flow of first learning activity based on reaction of metals in an educational app 

PATTERNS OF REACTIVITY. (a) Prompting user to click one of the three buttons at the 

bottom left corner of the user screen (b) Prompting the user to drag and drop desired metal on the 

table place above the rack to play the video of desired reaction. User can mouse over any metal 

to see the extra information on popup. (c) After video stops playing, a quiz pops up where the 

user is required to answer the multiple choice question with 3 responses (d) Second question will 

pop up with 3 responses. The app gives the feedback on the user action. 
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Figure 3.4Flow of second learning activity in an app PATTERNS OF REACTIVITY based on 

order of reactivity. (a) Prompting the user to drag and drop items from a bedroom scenario and 

place them in the racks in correct order of reactivity. In case of correct placement of metals, 

positive feedback pops up on the user screen. (b) Prompting user to click the question mark icon 

to open a pop up with general information on item and its composition. 

 

Figure 3.5The game SHOOTING THE BALLOON based on reactivity series in an app 

PATTERNS OF REACTIVITY. (a) On correct shooting of the metal balloon, the score 

increments. (b) On incorrect shooting of metal balloon, one life of a user is lost showing a 

message on user screen, “you lost one life”. 
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3.4.3 Hardware Requirements 

Portability is the advantage of this app since it can run on any electronic devices may it be yours 

or android or Windows etc. However, for this study specifically, the app is built for desktop PC 

users since it targeted school going students.  Another advantage of this app is that the 

installation of any software is not required for this app to run since it can execute by running the 

.exe file saved on personal computers. However, the constraint associated with the .exe file is the 

malicious malware attackcorruptingthe.exe file. For this purpose, fresh copy of Windows can be 

installed or anti-malware can be used to protect the system. Design and development of this 

educational app took approximately one and a half months. This is a non-commercial and a low 

cost solution app designed and developed to increase retention rates. It is easily accessible to all 

individuals and group of students in school or out of school (no accessibility issues). 

3.5 Usability Testing  

Prior to intervention, the app was used by few accessible users. Though the application was not 

piloted in any of the schools, but the feedback provided by few people, including science teacher 

helped to further refine the learning application. Few took long to getting accustomed to the rules 

of the game based on reactivity series. While few others had difficulty following instructions of 

all the sections covered in this app. At first, users had to look for instructions manually by 

clicking on the button (Help) as depicted in figure 3.6. Later on, this functionality was enhanced 

by placing instructions/help screen before navigating to the main screen of a learning activity. 

For further up gradation, hints were automatically generated to instruct the user drag and drop 

metals on the beaker/burner placed in metals’ reaction section as illustrated in figure 3.7. 

Figure 3.6 Showing first learning activity of an app without any guided instructions on user 

screen 
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Figure 3.7 Use of clear and guided instructions in the first learning activity of an app on the user 

screen 

 

3.6 Data Collection Tools 

The quantitative and qualitative data were gathered through questionnaires, observations and 

focused group discussion. Various methods such as observations, and questionnaires were 

utilized in this study to ensure the effectiveness of learning app “Patterns of Reactivity” and its 

contribution towards affective students’ learning (Hsieh et al. 2015). 

3.6.1 A student reported content knowledge or learning outcomes test 

The learning outcomes scale included 10 items that assessed the learning outcomes or basic 

information of Patterns of Reactivity accessible to the students within PATTERNS OF 

REACTIVITY app. The test items were mapped against the defined learning outcomes of the 

patterns of reactivity in Science curriculum. All items were presented as true or false, fill in the 

blanks, multiple –choice questions with three responses, and descriptive answers. The items were 

validated by a science teacher. This test was taken immediately before and after the intervention 

and the test lasted approximately 5-10 minutes. The reason behind conducting the pre-test was to 

assess the mental ability and current knowledge acquired by the participants of both control and 

treatment groups and a proof that the knowledge or mental capability was similar for both 

groups. The post test was conducted after the experimental process that further helped in 

analysing the knowledge gained by receiving various Science instructions and measuring the 

difference between the groups (separate pre test comparisons of both groups and separate post 

tests comparison of both groups) and within the groups (pre test and post test comparisons). The 

minimum overall score of this tool was 0 and the maximum being 10. True or false were coded 0 

or 1, correct option in multiple choice questions was coded as 1 and incorrect options were coded 
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as 0. The correct filled blank was coded 1 and incorrectly as 0. However, the descriptive answers 

were coded as 1, 0.5 or 0 depending on the accuracy of the answer. This tool contains 

independent and dependent variables which were evaluated during the analysis. The independent 

grouping variable “engagement groups” included two levels: a) control (taught using traditional 

approach) b) treatment (taught using educational app). The independent variable gender included 

two levels: a) male b) female. The dependent variables included were learning achievement 

scores of the students before and after an experimental process. 

3.6.2 Student engagement walk-through checklist 

Student engagement walk-through checklist was used to observe the participants involved in this 

study during the intervention in Science classroom and lab.  This checklist was adopted from 

Richard D. Jones. Furthermore, this checklist investigated the extent to which students 

demonstrated engagement patterns or behaviours during receiving traditional Science and 

educational app instructions. The teacher’s peers conducted classroom walk-through by using the 

checklist to gauge the level of observed student engagement from “very low” (1) to “very high” 

(5).  The direct observations of the students were based on these criteria:  “a) positive body 

language b) consistent focus c) verbal participation d) student confidence and e) fun and 

excitement”(Appendix E). This walk-through checklist was implemented in a study conducted in 

Singapore and offered some evidence for validity (Ganeshini 2011). 

Moreover, the STROBE (STrengthening the Reporting of OBservational studies in 

Epidemiology) observation tool was used as an instrument to record the behaviour of the 

students as a snapshot for 10 minutes cycle (Alimoglu et al. 2014). There were three 10 minutes 

cycles to observe the students in the lab and in classroom during 30 minutes period. During each 

10 minutes cycle, the behavior of 23-27 students was observed on the above mentioned criteria 

(Appendix D). In addition to this, an aggregate of 216 10-min observations were carried out (C= 

41, E = 31).In GBL environment, gathering data through observations is a highly suitable 

method to understand the engaged behaviour patterns of students (Hsieh ibid 2015). This further 

helped us in determining the relationship between the students’ learning and gaming process 

(Hsieh ibid 2015). However, the instrument was highly reliable and the values of Cronbach’s 

alpha revealed that the internal consistency of this tool was high during five instructional 

sessions (Day1: 0.881, Day2: 0.811, Day3: 0.899, Day4: 0.872, Day5: 0.844). The observers 

were trained prior to conducting the observations in Science classroom. However, professional 
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trainers or observers were not employed in this study. Moreover, an observation tool STROBE 

was utilized with 158-177 students in a medical school and provided some proof for validity of 

the engagement scores (Alimoglu Ibid 2014). 

The school teachers reported the perceived observations of the students. The independent 

grouping variable “engagement groups” included two levels: a) control (taught using traditional 

approach) b) treatment (taught using educational software). The independent variable gender 

included two variables: a) male b) female. The dependent variables were observed engagement 

level of the students on above mentioned factors during an experimental process.  

3.6.3 Focused groups discussion 

The focused group method was utilized to triangulate it with various other methods 

(questionnaires, observations). The focused group was conducted to collect detailed views of the 

participants. The discussion was designed to be semi-structured whereas the response from the 

participants was unstructured. Following the questionnaires, six male students and six female 

students came forward to participate in the discussion where two groups were formed, one for 

males and other for females. The sessions lasted 63 minutes and 95 minutes for males and 

females, respectively. Based on the focus group guide, the participants were asked a series of 

basic questions intended to promote further discussion regarding a) qualities of the learning app, 

b) learning goals, c) finding their misconceptions and addressing them through an app, d) 

concentration/attention, e) effort exertion, f) focus and g) engagement level during work as 

mentioned in Appendix F. The discussion was videotaped and participants were free to speak in 

their native language. 

3.7 Pre-Intervention Phase 

During this phase, students were randomly allocated to the four groups i.e., two groups were 

non-app groups called the control groups and the remaining two were app groups called the 

experimental groups. However, it should be noted that the male and female experimental groups 

were treated separately in computer lab. The pre-test based on learning outcomes was taken from 

the students prior to the intervention where the basic information relevant to the patterns of 

reactivity was accessed. 

Reduced number of respondents 
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Before the intervention, the original sample size was 100 (50 for treatment and 50 for control 

groups). Among those 100 participants, 87% of them gave the pre and post tests based on 

learning outcomes. However, the size of the sample was reduced to 72(31 for treatment and 41 

for control groups) out of 100 for observations reported by the teachers during the intervention 

due to factors such as student absenteeism. 

3.8 Intervention Phase 

During intervention, the experimental groups received instruction in a computer lab while 

interacting with an educational Science app and the control groups received usual or traditional 

Science instruction from their usual teacher in their classrooms. However, the instructor who 

taught experimental groups was not a teacher by profession and had no experience in this field. 

The intervention spanned over 3 weeks. This intervention took place in the months of August 

and September, 2015. Moreover, these set of learning goals were delivered in five classes, each 

lasted approximately 30 minutes (5 x 30 minutes). A gap of two days occurred between the first 

and second sessions. However, the desktop computers in a school lab were rare in number where 

2-3 students shared a single computer.  

During this phase, students learned about and explored the reaction of metals, and constructed 

the reactivity series (as indicated in table 3.3) following a lesson plan (Appendix G). Moreover, 

the students of treatment groups were offered further support during work by providing them 

with a worksheet, “reaction of metals with acid, water and oxygen”, for jotting down the 

observations made during the activities (Appendix C).This led to their exercise of self directed 

learning. The scaffolds such as, worksheets helped the students in learning “patterns of 

reactivity” via an educational app (Puntambekar and Kolodner 2004). Furthermore, the purpose 

of the worksheet was to aid students in making their own observations individually during work 

which helped them in constructing reactivity series. 

 During the intervention, the teacher’s peers observed the behavior of the individuals of control 

and treatment groups. The observations were recorded on a piece of paper provided to the 

observers. Furthermore, verbal participation is measured as students expressing thoughtful ideas 

and asking questions relevant to learning apart from reflecting on problems (Jones 2009). 

However, in this study, the app was developed for an individual use where the students 

participated less in verbal communications and focused more on work. Therefore, the observers 

did not measure this factor accurately since the tasks were not assigned to the students in groups 
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where they learned collaboratively in the present study. Hence, the item that measured the verbal 

participation was discarded from the observation tool. 

Table 3.2 Learning objectives achieved during an intervention while receiving instruction of 

education Science app 

Class periods (40 

minutes per period) 
Learning Objectives 

Class Period 1 Reaction of metals with acid 

Class Period 2 Reaction of metals with acid and oxygen 

Class Period 3 Reaction of metals with oxygen and water 

Class Period 4 Reactions of metals with water and introduces to reactivity series 

Class Period 5 Game based on the reactivity series 

 

3.9 Post-Intervention Phase 

After the intervention, the post-test based on the set of learning outcomes, learned or achieved 

during intervention, was taken from the control and treatment groups. The FGD were taken 

separately from boys and girls and the sessions lasted approximately 63 minutes and 95 minutes, 

respectively. The post test aims to investigate and analyse the students’ performance after 

receiving Science educational app instruction with pre-tests and making comparisons between 

groups. Following by post-test, Focus Group Discussion (FGD) were taken separately from boys 

and girls and the sessions lasted approximately 63 minutes and 95 minutes, respectively. Later 

on, various methods such as questionnaires, observations and focus groups were analysed in the 

Results section. 

3.10 Limitations 

The app PATTERNS OF REACTIVITY was not piloted in any of the schools before starting 

intervention. Moreover, the size of the respondents was reduced during intervention due to 

student absenteeism. 

3.11 Summary 

The pre and post test equivalent sample quasi experimental framework was adopted to conduct 

experimentation in a low cost private school in urban area of Pakistan. The tools used to gather 
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data were observations, content knowledge tests, and FGD. This experimentation lasted three 

weeks. The app and lesson based on Science PATTERNS OF REACTIVITY was designed 

during app development phase.  This experimentation was divided into three phases. During pre-

intervention phase, students were randomly assigned to the control and experimental groups. 

Moreover, the pre test based on content knowledge was taken from these groups. During 

intervention phase, experimentation took place where students received instruction through 

educational app while the other group was controlled. During post-intervention phase, post-test 

similar to pre-test was conducted followed by focus groups discussion. 
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4 Results 

4.1 Introduction 

The present study aims to measure the impact of an interactive educational application 

PATTERNS OF REACTIVITY based on Science on student engagement, achievement and 

gender difference. This educational app was designed and developed specifically for 8thgrade 

students. Student engagement, achievement and gender difference were measured through a 

questionnaire, walk-through checklist, and FGD. The present study sought to formulate the 

following null hypothesis: 

H01:  Learning through an interactive Science app “PATTERNS OF REACTIVITY” has no 

significant effect on student engagement. 

H02:  Learning through an interactive Science app “PATTERNS OF REACTIVITY” has no 

significant effect on learning outcomes. 

H03:  Learning through an interactive Science app “PATTERNS OF REACTIVITY” has no 

significant effect on gender differences. 

Keeping in mind the null hypotheses, independent grouping variables (control, treatment; male, 

female) and dependent variables (student engagement, learning outcomes) were identified and 

measured already discussed in section 3 of this report. In the chapter 3 (of methodology), several 

tools/instruments (student engagement walk through checklist, learning achievement test and 

FGD) were used for data collection that were analysed and reported in this chapter. 

4.2 Quantitative Data Analysis 

The collected data on learning outcomes and observed engagement level of the students were 

analysed using SPSS tool.  

4.2.1 Comparison of Student Engagement 

4.2.1.1 Introduction 

An analysis was conducted to observe students’ engagement with an educational app “patterns of 

reactivity” in Science classroom and investigated its effect on them in comparison to the 

conventional instructional approach. This section of the study reported the results of the impact 

of an educational app on observers reported engagement level of the students. 
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Prior to conducting the analysis on collected data, the assumptions of Independent Samples t-test 

and One Way ANOVA with Repeated Measures were examined (Statistics.laerd.com 2015). 

Normality test’s assumption was executed to check whether the data was normally distributed 

between control and treatment groups. 

4.2.1.2 Sample characteristics 

A Shapiro-Wilk’s test(p<.05)(Shapiro &Wilk1965; Razali&Wah2011) along with a visual 

analysis of their histograms, normal, Q-Q plots and box plots revealed that the observed 

student’s engagement scores were not normally distributed on day 1 with a skewness of 

1.148(SE =.369) and a kurtosis of 2.005(SE = .724) for the control group and a skewness of -

.303(SE =.421)  and a kurtosis of -.882(SE =.821)  for treatment group(Cramer 1998,Crammer & 

Howitt 2004, Doane & Seward 2011), on day 3with a skewness of .373(SE = .369), and a 

kurtosis of  -.810 (SE=.724) for the control group and a skewness of -.337(SE = .421) and a 

kurtosis of -1.448(SE = .821) for treatment group(Cramer 1998, Crammer &Howitt 2004, Doane 

& Seward 2011), on day 4with a skewness of -.928(SE =.369), and a kurtosis of .846(SE = .724) 

for the control group and a skewness of -.053(SE= .421) and a kurtosis of -.290(SE = .821) for 

treatment group(Cramer 1998, Crammer & Howitt 2004, Doane & Seward 2011) and on day 

5with a skewness of -.928(SE = .369), and a kurtosis of .846(SE = .724) for the control group 

and a skewness of  1.061(SE = .421)  and a kurtosis of -.408(SE = .821) for treatment 

group(Cramer 1998, Crammer &Howitt 2004, Doane& Seward 2011). 

A Shapiro-Wilk’s test(p>.05)(Shapiro &Wilk 1965, Razali &Wah 2011) along with visual 

analysis of their histograms, normal, Q-Q plots and box plots revealed that the observed 

student’s engagement scores were  normally distributed on day 2 with a skewness of .298(SE 

=.369), and a kurtosis of   -.237(SE =.724) for the control group and a skewness of -.571(SE 

=.421),  and a kurtosis of  -.522(SE= .821)for treatment group (Cramer 1998, Crammer &Howitt 

2004, Doane & Seward 2011). 

Since the observed engaged behavior scores were skewed for the independent grouping variables 

and also one of the assumptions (normality of data) of parametric test was violated, therefore 

non-parametric tests equivalent to Independent Samples t-test and One Way ANOVA with 

repeated measures were conducted for evaluating null hypotheses associated with observed 

student engagement. 
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4.2.1.3 Results and interpretation of observed student engagement with repeated 

measures with in treatment group 

Friedman test was conducted to identify whether the means of the observed engagement level 

measured multiple times were equal to each other (Statistics.laerd.com 2015). Friedman Test 

indicated in table 4.1 revealed that there was a significant difference on each factor of the 

observed engagement level (p = 0.000 < 0.05), therefore, the associated null hypothesis; “there is 

no significant difference between the means of the observed engagement level measured multiple 

times within treatment group”; was rejected. 

Table 4.1Results of the Friedman test to compare the repeated measures on various factors of 

observed engagement level with in the treatment group 

Note. df = 4, N=31 for all analyses. 

To see the patterns of student engagement on each of the five factors, a line graph was plotted 

depicting the trend of repeated measures over time.  

 

Descriptive 

Friedman 

Test 

Statistics  

Factors of 

Engagemen

t 

Day 1  Day 2 Day 3 Day 4 Day 5 

χ2 p 
Mean 

Std. 

Dev 
Mean 

Std. 

Dev 
Mean 

Std. 

Dev 
Mean 

Std. 

Dev 
Mean 

Std. 

Dev 

Positive 

Body 

Language 

11.29 1.532 12.19 1.721 11.35 3.440 13.97 1.426 12.97 1.426 41.395 .000 

Consistent 

Focus 

12.81 1.957 13.77 1.230 10.23 4.039 12.48 1.288 12.87 1.586 34.727 .000 

Student 

Confidence 

11.74 2.323 12.84 2.339 10.77 3.658 11.97 1.560 12.61 1.838 15.284 .004 

Fun and 

Excitement 

11.87 2.141 11.65 1.889 11.58 3.538 13.26 2.265 14.03 1.426 24.349 .000 
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4.2.1.3.1 Positive Body Language  

The trend in observed positive body language of the students rose mildly with time except it 

dropped off a bit on day 3 as seen in figure 4.1. However, students exhibited low positive body 

language on day 5 as compared to on day 4. 

Figure 4.1Line plot depicting the overall trend of the observed body language of the students 

measured multiple times within the treatment group 

 

4.2.1.3.2 Consistent Focus  

The trend in consistent focus of the students rose slowly except on day 3 where it declined 

sharply. However, it started to rise significantly from day 3 to day 4 as can be seen in figure 4.2. 

Though, the increase in consistent focus on days 4 and 5 was less as compared to on day 2. 
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Figure 4.2Line plot depicting the overall trend of the observed consistent focus of the students 

measured multiple times within the treatment group 

 

4.2.1.3.3 Student Confidence  

The observed student confidence rose sharply till day 2 as depicted in figure 4.3. However, it 

declined sharply from day 2 to day 3 and started to rise again from day 3 to day 5. 

Figure 4.3 Line plot depicting the overall trend of the observed student confidence of the 

students measured multiple times within the treatment group 
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4.2.1.3.4 Fun and Excitement  

The observed fun and excitement of students declined mildly till day 3 and it rose slowly from 

day 3 till day 5 as depicted in figure 4.4. 

Figure 4.4 Line plot depicting the overall trend of the observed fun and excitement of the 

students measured multiple times within the treatment group 

 

4.2.1.4 Results and interpretation of observed engagement level on various factors 

between control and treatment groups 

Since, the data was skewed for one of the variables; the non-parametric test was used to compare 

the difference in means for the observed engagement level of the students on various factors such 

as, positive body language (PBL), consistent focus (CF), student confidence (SC), fun and 

excitement (F&E) between control and treatment groups. Four null hypotheses included were a) 

there is no significant difference in the means of observed positive body language between 

control and treatment groups, b) there is no significant difference in the means of observed 

consistent focus between control and treatment group, c) there is no significant difference in the 

means of observed student confidence between control and treatment groups, d) there is no 

significant difference in the means of observed fun and excitement between control and 

treatment groups. 
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The Mann Whitney U test as indicated by table 4.2 showed that the observed positive body 

language of the students for the treatment groups on day 1(U =465, p = .049< 0.05), day2 (U = 

389, p = .005 < 0.05), day 3(U = 447, p = .031< 0.05), and day 4(U = 324, p =.000< 0.05) were 

statistically significantly higher than the observed positive body language for the control groups. 

However, table 4.2 indicated that the Mann Whitney U test did not show any statistically 

significant difference between control and treatment groups’ observed positive body language on 

day 5(U = 593, p =.612> 0.05). 

Table 4.2 Results of the Mann Whitney U test to compare the Groups' observed positive body 

language score 

Positive Body 

Language N 

Mean 

Rank U p 

Day 1 
Control 41 32.3 

465 .049* 
Treatment 31 42 

 Day 2 
Control 41 30.4 

389 .005** 
Treatment 31 44.4 

Day 3 
Control 41 31.9 

447 .031* 
Treatment 31 42.5 

 Day 4 
Control 41 28.9 

324 .000*** Treatment 31 46.5 

 Day 5 
Control 41 35.4 

593 .612 Treatment 31 37.8 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed positive body language of the students in treatment group was significantly 

high on first four days of the intervention as compared to the control group therefore, the 

associated null hypothesis with this analysis was rejected(Statistics.laerd.com 2015). 

Moreover, the Mann Whitney U test as indicated by table 4.3 showed that the observed 

consistent focus of the students for the treatment groups on day 1(U =182, p = .000< 0.05), and 

day2 (U = 139.5, p = .000 < 0.05) were statistically significantly higher than the observed 

positive body language for the control groups. However, table 4.3 indicated that the Mann 

Whitney U test did not show any statistically significant difference between control and 



60 
 

treatment groups’ observed consistent focus on day 3(U =549, p = .323 > 0.05), day 4(U  = 616, 

p = .815 >0.05 ) and day 5(U = 514, p =.148 > 0.05). 

Table 4.3 Results of the Mann Whitney U test to compare the Groups' observed consistent focus 

score 

Consistent Focus N 

Mean 

Rank U p 

Day 1 
Control 41 25.4 

182 .000*** 
Treatment 31 51.1 

 Day 2 
Control 41 24.4 

139 .000*** 
Treatment 31 52.5 

 Day 3 
Control 41 34.3 

549 .323 
Treatment 31 39.2 

Day 4 
Control 41 36 

616 .815 
Treatment 31 37.1 

 Day 5 
Control 41 33.5 

514 .148 
Treatment 31 40.4 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed consistent focus of the students in treatment groups was significantly high on 

at least two days i.e., day 1 and day 2 as compared to the control groups, therefore the associated 

null hypothesis with this analysis was rejected (Statistics.laerd.com 2015). 

In addition to this, the Mann Whitney U test as indicated by table 4.4showed that the observed 

student confidence of the students for the treatment groups on day 1(U =210, p = .000< 0.05), 

day2 (U = 213.5, p = .000 < 0.05) and day 5(U = 463, p = .045 < 0.05) were statistically 

significantly higher than the observed student confidence for the control groups. However, table 

4.4 indicated that the Mann Whitney U test did not show any statistically significant difference 

between control and treatment groups’ observed student confidence on day 3(U =466.5, p = .53 

> 0.05) and day 4(U  = 565.5, p = .414 >0.05 ). 
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Table 4.4 Results of the Mann Whitney U test to compare the Groups' observed student 

confidence score 

Student Confidence N 

Mean 

Rank U p 

Day 1 
Control 41 26.1 

210 .000*** 
Treatment 31 50.2 

 Day 2 
Control 41 26.2 

214 .000*** 
Treatment 31 50.1 

 Day 3 
Control 41 32.3 

467 .053 
Treatment 31 41.9 

Day 4 
Control 41 34.7 

566 .414 
Treatment 31 38.7 

 Day 5 
Control 41 32.2 

463 .045* 
Treatment 31 42 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed student confidence of the students in the treatment groups was significantly 

high on three days i.e., day 1, day 2 and day 5 as compared to the control groups, therefore the 

associated  null hypothesis with this analysis was rejected (Statistics.laerd.com 2015). 

Moreover, the Mann Whitney U test as indicated by table 4.5 showed that the observed fun and 

excitement of the students for the treatment groups on day 1(U =68.5, p = .000< 0.05), day2 (U = 

73.5, p = .000 < 0.05) , day 3(U = 236, p =.000 < 0.05), day 4 (U = 215, p = 0.000 < 0.05) and 

day 5(U = 110, p = .000 < 0.05) were statistically significantly higher than the observed fun and 

excitement for control group.  

Table 4.5 Results of the Mann Whitney U test to compare the Groups' observed fun and 

excitement score 

Fun and Excitement N 

Mean 

Rank U p 

Day 1 
Control 41 22.6 

68.5 .000*** 
Treatment 31 54.7 

 Day 2 
Control 41 22.7 

73.5 .000*** 
Treatment 31 54.6 

 Day 3 Control 41 26.7 236 .000*** 
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Treatment 31 49.3 

Day 4 
Control 41 26.2 

215 .000*** 
Treatment 31 50.06 

Day 5 
Control 41 23.68 

110 .000*** 
Treatment 31 53.4 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed fun and excitement of the students in the treatment groups was significantly 

high on all five days of an intervention as compared to the control groups therefore, the 

associated null hypothesis with this analysis was rejected (Statistics.laerd.com 2015). 

4.2.1.5 Results and interpretation of observed engagement level of female students on 

various factors based on groups 

Since, the data was skewed for one of the variables; the non-parametric test (Mann Whitney U 

test) was used to compare the difference in the means of the observed engagement level for the 

female students on various factors such as, positive body language, consistent focus, student 

confidence, and fun and excitement between control and treatment groups. Four null hypotheses 

included were a) there is no significant difference in the means of observed positive body 

language of female students between control and treatment groups,  b) there is no significant 

difference in the means of observed consistent focus of female students between control and 

treatment groups , c) there is no significant difference in the means of observed student 

confidence of female students between control and treatment groups , and d) there is no 

significant difference in the means of observed fun and excitement of female students between 

control and treatment groups. 

The Mann Whitney U test as indicated by table 4.6 showed that the observed positive body 

language of the female students for treatment group on day 3(U = 62.5, p = .001< 0.05), day 4 (U 

= 0, p = .000< 0.05) and day 5(U = 100, p = .044 < 0.05) were statistically significantly higher 

than the female students’ observed positive body language for the control group. However, table 

4.6 indicated that the Mann Whitney U test did not show any statistically significant difference 

between the control and treatment groups’ observed positive body language for the female 

students  on day 1 (U = 135.5, p =.392 > 0.05), and day 2 (U  = 122, p = .197 > 0.05 ). 
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Table 4.6 Results of the Mann Whitney U test to compare the observed positive body language 

scores of the females between control and treatment groups 

Positive Body 

Language N 

Mean 

Rank U p 

 Day 1 
Control 18 19.9 

136 .39 
Treatment 18 17.0 

Day 2 
Control 18 16.2 

122 .19 
Treatment 18 20.7 

 Day 3 
Control 18 12.9 

62.5 .001** 
Treatment 18 24.0 

Day 4 
Control 18 9.50 

0.000 
.000**

* Treatment 18 27.5 

 Day 5 
Control 18 15.0 

100 .044* 
Treatment 18 21.9 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed positive body language for the female students in the treatment group was 

significantly higher on first, second and third days as compared to the control group therefore, 

the associated null hypothesis with this analysis was rejected (Statistics.laerd.com 2015). 

Moreover, the Mann Whitney U test as indicated by table 4.7 showed that the observed 

confidence of the female students for the treatment group on day 1(U = 40, p = .000< 0.05), day 

2 (U = 9.5, p = .000< 0.05) , day 3(U = 90, p =.020 < 0.05), day 4 (U = 102, p = .048 < 0.05) and 

day 5(U = 75, p = .004 < 0.05) were statistically significantly higher than the female students’ 

observed confidence for the control group.  

Table 4.7 Results of the Mann Whitney U test to compare the observed student confidence 

scores of the females between control and treatment groups 

Student Confidence N 

Mean 

Rank U p 

 Day 1 
Control 18 11.7 

40 .000*** 
Treatment 18 25.2 

Day 2 
Control 18 10.0 

9.50 .000*** 
Treatment 18 26.9 

 Day 3 
Control 18 14.4 

90 .020* 
Treatment 18 22.5 
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Day 4 
Control 18 15.1 

102 .048* 
Treatment 18 21.8 

 Day 5 
Control 18 13.6 

75 .004** 
Treatment 18 23.3 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed confidence for the female students in the treatment group was significantly 

higher on all five days of an intervention as compared to the control group therefore, the 

associated null hypothesis was rejected (Statistics.laerd.com 2015). Moreover, the Mann 

Whitney U test as indicated by table 4.8 showed that the observed consistent focus of the female 

students for treatment group on day 1(U = 80, p = .009< 0.05), day 2 (U = 36, p = .000< 0.05), 

and day 5(U = 100, p = .042 < 0.05) were statistically significantly higher than the girl’s 

observed consistent focus for the control group. However, the Mann Whitney U test revealed that 

observed consistent focus did not show any significant difference on day 3(U = 101, p =.050< 

0.05) and day 4(U = 120, p = .162 > 0.05) between the girls of both engagement groups. 

Table 4.8 Results of the Mann Whitney U test to compare the observed consistent focus scores 

of the females between control and treatment groups 

Consistent Focus N 

Mean 

Rank U p 

 Day 

1 

Control 18 13.9 
80 .009** 

Treatment 18 23.0 

 Day 

2 

Control 18 11.4 
35.5 .000*** 

Treatment 18 25.5 

 Day 

3 

Control 18 15.1 
101 .050 

Treatment 18 21.8 

 Day 

4 

Control 18 16.1 
120 .162 

Treatment 18 20.8 

 Day 

5 

Control 18 15.0 
100 .042* Treatment 18 21.9 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed consistent focus for the female students in the treatment group was 

significantly higher on first, second, and fifth days of an intervention as compared to the control 

group therefore, the associated null hypothesis with this analysis was 

rejected(Statistics.laerd.com 2015). Furthermore, the Mann Whitney U test as indicated by table 
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4.9 showed that the observed fun and excitement of the female students for the treatment group 

on day 1(U = 4, p = .000< 0.05), day 2 (U = 0, p = .000< 0.05), day 3 (U = 0, p = .000< 0.05), 

day 4 (U = 0, p = .000< 0.05) and day 5 (U = 0, p = .000< 0.05)  were statistically significantly 

higher than the girl’s observed fun and excitement for the control group.  

Table 4.9 Results of the Mann Whitney U test to compare the observed fun and excitement 

scores of the females between control and treatment groups 

Fun and 

Excitement N 

Mean 

Rank U p 

Day 1 
Control 18 9.7 

4 .000*** 
Treatment 18 27.2 

 Day 

2 

Control 18 9.5 
0.000 .000*** Treatment 18 27.5 

Day 3 
Control 18 9.5 

0.000 .000*** Treatment 18 27.5 

Day 4 
Control 18 9.5 

0.000 .000*** Treatment 18 27.5 

Day 5 
Control 18 9.5 

0.000 .000*** 
Treatment 18 27.5 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed fun and excitement of the female students in the treatment group was 

significantly higher on first, second, third and fifth days of the intervention as compared to the 

control group therefore, the associated null hypothesis with this analysis was rejected 

(Statistics.laerd.com 2015). 

4.2.1.6 Results and interpretation of observed engagement level of male students on 

various factors based on engagement groups 

Since, the data was skewed for one of the variables; the non-parametric test (Mann Whitney U 

test) was used to compare the difference in means of the observed engagement level for the male 

students on various factors such as, positive body language, consistent focus, student confidence, 

and fun and excitement between control and treatment groups. Four null hypotheses included 

were a) there is no significant difference in the means of observed positive body language for the 

male students between control and treatment groups b) there is no significant difference in the 
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means of observed consistent focus for the male students between control and treatment groups 

c) there is no significant difference in the means of observed student confidence for the male 

students between control and treatment groups d) there is no significant difference in the means 

of observed fun and excitement for the male students between control and treatment groups. 

The Mann Whitney U test as indicated by table 4.10 showed that the observed positive body 

language of the male students for the treatment group on day 1(U =67, p = .005< 0.05) and day 2 

(U = 91, p = .048 < 0.05) were statistically significantly higher than the observed positive body 

language for the control group. However, table 4.10 indicated that the Mann Whitney U test did 

not show statistically significant difference in the means of observed positive body language 

between the engagement  groups of males on day 3(U = 133, p =.564 > 0.05), day 4 (U = 109 , p 

= .158 > 0.05) and day 5(U = 104, p =.110 > 0.05). 

Table 4.10Results of the Mann Whitney U test to compare the observed positive body language 

score of males between control and treatment groups 

Positive Body 

Language 
N 

Mean 

Rank 
U p 

 Day 1 
Control 23 14.8 

67 .005** 
Treatment 13 24.8 

 Day 2 
Control 23 15.9 

91 .048* 
Treatment 13 23.0 

 Day 3 
Control 23 19.2 

133 .564 
Treatment 13 17.1 

Day 4 
Control 23 20.2 

109 .158 
Treatment 13 15.3 

 Day 5 
Control 23 20.5 

104 .110 
Treatment 13 14.9 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed positive body language of the male students in the treatment group was 

significantly higher on two days i.e., days 1 and 2 as compared to control group therefore, the 

associated null hypothesis with this analysis was rejected(Statistics.laerd.com 2015). Moreover, 

the Mann Whitney U test as indicated by table 4.11 showed that the observed consistent focus of 

the male students for treatment group on day 1(U = 5.5, p = .000< 0.05), and day2 (U = 2, p = 

.000 < 0.05) were statistically significantly higher than the observed consistent focus for control 
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group. However, the Mann Whitney U test as indicated by table 4.11 showed that the observed 

consistent focus of the male students for control group on day 3(U = 82, p = .024< 0.05) were 

statistically significantly higher than the observed consistent focus for treatment group.  

Moreover, table 4.11 indicated that the Mann Whitney U test did not show any statistically 

significant difference between control and treatment groups’ observed consistent focus of the 

male students  on day 4(U  = 109, p = .151 > 0.05 ) and day 5(U = 140, p =.740 > 0.05). 

Table 4.11Results of the Mann Whitney U test to compare the observed consistent focus scores 

of males between control and treatment groups 

Consistent Focus N 

Mean 

Rank U p 

 Day 1 
Control 23 12.2 

5.5 .000*** 
Treatment 13 29.5 

 Day 2 
Control 23 12.0 

2 .000*** 
Treatment 13 29.8 

 Day 3 
Control 23 21.4 

82 .024* 
Treatment 13 13.2 

 Day 4 
Control 23 20.2 

109 .151 Treatment 13 15.3 

 Day 5 

Control 23 18.9 
140 .740 Treatment 13 17.7 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

 

Since, the observed consistent focus of the male students in the treatment group was significantly 

higher on at least two days i.e., day 1 and day 2 as compared to the control group therefore, the 

associated null hypothesis with this analysis was rejected (Statistics.laerd.com 2015). Moreover, 

the Mann Whitney U test as indicated by table 4.12 showed that the observed confidence of the 

male students for treatment group on day 1(U = 70.5, p = .008< 0.05), and day 2 (U = 75.5, p = 

.012 < 0.05) were statistically significantly higher than the observed male students’ confidence 

for control group. However, table 4.12 indicated that the Mann Whitney U test did not show any 

statistically significant difference between the control and treatment groups’ observed confidence 
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of the male students  on day 3 (U = 119, p =.309 > 0.05), day 4 (U  = 102, p = .108 > 0.05 ) and 

day 5(U = 131, p =.534 > 0.05). 

Table 4.12 Results of the Mann Whitney U test to compare the observed student confidence 

scores of the males between control and treatment groups 

Student Confidence N 

Mean 

Rank U p 

 Day 1 
Control 23 15.07 

70.5 .008** Treatment 13 24.58 

Day 2 
Control 23 15.28 

75.5 .012* 
Treatment 13 24.19 

Day 3 
Control 23 19.83 

119 .309 Treatment 13 16.15 

 Day 4 
Control 23 20.57 

102 .108 Treatment 13 14.85 

 Day 5 
Control 23 19.30 

131 .534 
Treatment 13 17.08 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed consistent focus of the male students in the treatment group was significantly 

high on at least two days i.e., day 1 and day 2 as compared to the control group therefore, the 

associated null hypothesis with this analysis was rejected (Statistics.laerd.com 2015). 

Furthermore, the Mann Whitney U test as indicated by table 4.13showed that the observed fun 

and excitement of the male students for the treatment group on day 1(U = 20.5, p = .000< 0.05), 

day 2 (U = 28, p = .000< 0.05) and day 5(U = 0, p = .000 < 0.05) were statistically significantly 

higher than the observed male students’ fun and excitement for the control group. However, table 

4.13 indicated that the Mann Whitney U test did not show any statistically significant difference 

between control and treatment groups’ observed fun and excitement of the male students  on day 

3 (U = 133, p =.570 > 0.05), and day 4 (U  = 97, p = .076 > 0.05 ). 

Table 4.13 Results of the Mann Whitney U test to compare the observed fun and excitement 

scores of the males between control and treatment groups 

Fun and Excitement N 

Mean 

Rank U p 



69 
 

 Day 1 
Control 23 12.8 

20.5 .000*** 
Treatment 13 28.4 

 Day 2 
Control 23 13.2 

28 .000*** 
Treatment 13 27.8 

 Day 3 
Control 23 17.7 

133 .570 Treatment 13 19.8 

 Day 4 
Control 23 20.7 

97 .076 Treatment 13 14.4 

 Day 5 
Control 23 12.0 

0.000 .000*** Treatment 13 30 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

Since, the observed fun and excitement of the male students in the treatment group was 

significantly high on at least two days i.e., day 1 and day 2 as compared to the control group 

therefore, the associated null hypothesis with this analysis was rejected (Statistics.laerd.com 

2015). 

4.2.2 Comparison of Learning Achievement 

4.2.2.1 Introduction 

An analysis was conducted to evaluate the performance of the students reported by them before 

and after an intervention i.e., learning using an educational app “patterns of reactivity” in 

Science classroom and comparing the performance of students in experimental group with the 

control group taught using conventional instruction approach. Normality test was executed prior 

to conducting the analysis. This section of the study reported the results of the impact of using 

educational app on student learning achievement. There were five null hypotheses a) there is no 

statistically significant difference on the mean ranks of achievement scores based on control and 

treatment groups, b) there is no statistically significant difference on the mean ranks of 

achievement scores based on gender within treatment group, c) there is no statistically significant 

difference on the mean ranks of achievement scores based on gender within control group, d) 

there is no statistically significant difference on the mean ranks of pre achievement test scores 

and post achievement test scores within Treatment group, and e) there is no statistically 

significant difference on the mean ranks of pre achievement test scores and post achievement test 

scores within Control group. 
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Prior to conducting the analysis on gathered data, the normality assumptions of Independent 

Samples t-test and Paired Samples t-test were examined (Statistics.laerd.com 2015). 

4.2.2.2 Sample characteristics 

A Shapiro-Wilk’s test (p<.05)(Shapiro &Wilk 1965, Razali&Wah 2011) along with a visual 

analysis of their histograms, normal, Q-Q plots and box plots revealed that the pre-achievement 

test scores were not normally distributed, with a skewness of -.716 (SE=0.357)and a kurtosis of 

.693 (SE= 0.702) for the control group and a Shapiro-Wilk’s test (p>.05)(Shapiro &Wilk1965, 

Razali&Wah 2011)  with a skewness of  -.108 (SE=0.361) and a kurtosis of -0.330 (SE=0.709) 

for the treatment group revealed that pre-achievement test scores were normally 

distributed(Cramer 1998, Cramer &Howitt 2004, Doane& Seward 2011).  

A Shapiro-Wilk’s test (p>.05)(Shapiro &Wilk 1965, Razali&Wah 2011) along with visual 

analysis of their histograms, normal, Q-Q plots and box plots revealed that the post-achievement 

test scores were  normally distributed, with a skewness of -.339 (SE=0.357)and a kurtosis of .325 

(SE= 0.702) for the control group and with a skewness of  -.004 (SE=0.361) and a kurtosis of -

0.436 (SE=0.709) for treatment group(Cramer 1998, Cramer &Howitt 2004, Doane& Seward 

2011).  

Since the pre achievement test scores were not normally distributed for one the independent 

grouping variables and also one of the assumptions (normality of data) of parametric test was 

violated, therefore non-parametric tests equivalent to Independent Samples t-test and Paired 

sample t-test were conducted for evaluating null hypotheses associated with students’ learning 

outcomes. 

4.2.2.3 Results and interpretation of students’ learning achievement between control and 

treatment groups 

Since the achievement scores were skewed for the control group, non-parametric test was chosen 

as the most appropriate test analysis. Mann Whitney U test was selected for evaluating the effect 

of educational app on students’ learning achievement compared to conventional instruction 

approach in Science. 

The Mann Whitney U test as indicated by table 4.14 showed that the pre-test scores U=766, Z= -

1.54, p=.12>.05)and post-test scores(U= 912, Z = -.30, p =.77>.05)  based on learning 
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outcomes of an app PATTERNS OF REACTIVITY for the control and treatment groups did not 

show any statistically significant difference . 

 

Table 4.14 Results of the Mann Whitney U test to compare the Groups' pre and post 

achievement test scores 

  Group N Mean  U Z P 

 Pre Test Scores 
Control 44 48.1 

766 -1.54 0.12 
Treatment 43 39.8 

Post Test Scores 
Control 44 44.8 

912 -0.3 0.77 
Treatment 43 43.2 

 

The analysis revealed that there was no significant difference in the pre and post-achievement 

test scores between the control and treatment groups. Therefore, the associated null hypothesis 

with this analysis was accepted. The results indicated that the overall learning performance of the 

students who learned Science using educational app “patterns of reactivity” was somewhat 

similar in comparison to the conventional instructional approach. 

4.2.2.4 Results and interpretation of students’ learning achievement with in treatment 

group 

To test the hypothesis, that the means of pre-achievement test (M =5.02, SD=1.31) and the 

means of post-achievement test (M = 7.05, SD=1.44) were equal with in the treatment group, a 

Wilcoxon signed test was performed. A Wilcoxon signed test indicated in table 4.15 showed that 

there was a statistical significant difference in the scores of pre-achievement test and post-

achievement test with in the treatment group, (Z =- 4.92, p=.000>.05). 

Table 4.15 Results of the Wilcoxon Signed Test to compare the Experimental Group’s pre and 

post-test scores based on content knowledge or learning outcomes 

 

N 

Mean 

Rank Z p 

Pre-test scores –Post-

test scores 

Negative Ranks 6 5.25 -4.92 .000*** 

Positive Ranks 32 22.1 

Ties 5  

Total 43 
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Note. * =p< .05, ** =p<.01, *** =p<.001. 

The result indicated that the associated null hypothesis with this analysis was rejected which 

means that the students who were taught with an educational app during intervention performed 

significantly better on learning outcomes test conducted after intervention than their pre-test 

scores. 

4.2.2.5 Results and interpretation of students’ learning achievement with in control group 

To test the hypothesis, the mean ranks of pre-achievement test (M = 5.40, SD = 1.29) and post-

achievement test scores(M= 7.10, SD = 1.44) were equal, Wilcoxon signed test was run for 

computing this analysis. The output in table 4.16 indicated that the post-achievement test scores 

were statistically significantly higher than the pre-achievement test scores of the students within 

control group (Z =- 4.59, p=.000>.05). 

 

Table 4.16 Results of the Wilcoxon Signed Test to compare the Control Group's pre and post 

achievement test scores 

    N 

Mean 

rank 

Z P 

Post Test - Pre 

Test 

Negative Ranks 5 10.9 -4.59 0.000*** 

Positive Ranks 33 20.8 

Ties 6   

Total 44 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

 

The results indicated that the associated null hypothesis with this analysis was rejected which 

means that the students performed better after an being taught with conventional Science 

instructional approach process rather than their performance on pre test.  

4.2.2.6 Results and interpretation of students’ learning achievement based on Gender 

with in treatment group 

To test the hypothesis that the mean of males’ pre-achievement test (M= 4.90, SD = 1.33) and 

mean of females’ pre achievement test (M= 5.17, SD= 1.32) were equal with in treatment group, 

and also mean of males’ post-achievement test (M= 6.30, SD = 1.27) and mean of females’ post-
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achievement test (M= 7.92, SD= 1.12) were equal with in the treatment group, a Mann Whitney 

u test was performed.  Since the data was not normally distributed, so Mann Whitney u test was 

used to compare the pre achievement test score in males and females with in treatment group. 

Table 4.17 indicated that the Mann Whitney U test did not show statistically significant 

difference between males and females on pre-achievement test scores with in treatment group (U 

= 194, Z = -.887, p = .375>.05).However, the test indicated that the post achievement test scores 

for the females was statistically significantly higher than the post achievement test scores for 

males with in the treatment group (U = 81, Z = -3.654, p = .000< .05). Therefore, the associated 

null hypothesis with this analysis was rejected which means that girls gained significantly high 

scores on post test after intervention i.e., being taught with Science app rather than the boys. 

 

Table 4.17Results of the Mann Whitney U test to compare the Genders' pre and post 

achievement test scores with in treatment group 

  Groups N Mean 

Rank 

U Z p 

Pre- test scores Male 23 20.4 194 -0.88 0.37 

Female 20 23.8 

Post-test scores Male 23 15.5 81 -3.65 0.000*** 

Female 20 29.4 

Note. * =p< .05, ** =p<.01, *** =p<.001. 

As illustrated in figure 4.5, female students scored higher in learning outcomes test as compared 

to the males before and after the intervention. However, females scored better in post test 

conducted after receiving Science app instruction as compared to their pre-test. 
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Figure 4.5 Comparison of pre and post achievement test scores based on gender with in 

treatment group 

 

The results revealed that males and females performed somewhat similar in pretest based on 

learning outcomes but after an experimental process, females outperformed males in test based 

on learning outcomes. In conclusion, the educational app had a positive impact on females’ 

content knowledge than the male students. 

4.2.2.7 Results and interpretation of students’ learning achievement based on Gender 

with in control group 

To test the hypotheses that males’ pre-achievement test (M= 5.30, SD = 1.428) and females’ pre-

achievement test means (M= 5.55, SD= 1.104) were equal with in control group and males’ 

post-achievement test (M= 6.78, SD = 1.620) and females’ pre-achievement test means (M= 

7.52, SD= 1.086) were equal with in control group, Mann Whitney U test was performed. Mann 

Whitney U test was performed to compare the pre achievement scores in males and females of 

control group. The results as indicated in table 4.18 showed that pre achievement test scores (U 

= 226, Z = -.264, p = .792>.05) and post achievement test scores (U = 164, Z = -1.742, p = 
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.081>.05) did not show statistically significant difference for males and females within the 

control group 

 

Table 4.18 Results of the Mann Whitney U test to compare the Genders' pre and post 

achievement test scores within the Control group 

 
Groups N 

Mean 

Rank U Z p 

Pre 

Achievement 

Test Scores 

Male 25 22.0 226 -.264 .792 

Female 19 23.0  

Total 44   

Post-

Achievement 

Test Scores 

Male 25 19.5 164 -1.742 .081 

Female 19 26.3 

Total 44  

Note. * =p< .05, ** =p<.01, *** =p<.001. 

The results indicated that the associated null hypothesis with this analysis was accepted which 

means that the conventional science instruction had no effect on content knowledge or learning 

outcomes test scores of males and females before and after instruction. 

4.2.3 Summary of the results for quantitative data analysis 

4.2.3.1 Results for the comparison of student engagement 

The following null hypothesis associated with quantitative data analysis of observed engagement 

levels on various factors was rejected; 

H01:  Learning through an interactive Science app “Patterns of Reactivity” has no significant 

effect on student engagement. 

Therefore, it has been concluded that the learning app “patterns of reactivity” had a significant 

positive effect on the observed engagement level of the treated students on various factors such 

as, positive body language, fun and excitement, student confidence, and consistent focus. 

4.2.3.2 Results for the comparison of learning outcomes  

The following null hypothesis associated with the quantitative data analysis of learning 

achievement between control and treatment groups was accepted. 

H02:  Learning through an interactive Science app “Patterns of Reactivity” has no significant 

effect on learning outcomes. 
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Therefore, it was concluded that the learning app “patterns of reactivity” had no significant affect 

on the learning outcomes of the students as compared to the control group. However, with-in the 

treatment groups, students performed significantly better after receiving app instruction i.e., on 

post-test as compared to the pre-test. 

4.2.3.3 Results of engagement and learning outcomes based on genders 

Through various analysis, it was concluded that the girls performed significantly better than boys 

with in treatment group in terms of learning outcomes or content knowledge test. Moreover, girls 

demonstrated high observed engagement level on various factors as compared to the boys with in 

treatment group. Apart from this, girls and boys of treatment groups showed high level of 

engaged behavior on various factors such as positive body language, consistent focus, 

confidence, and fun and excitement as compared to the girls and boys of control groups, 

respectively. Therefore, the associated null hypothesis based on these results was rejected.  

H03:  Learning through an interactive Science app “Patterns of Reactivity” has no significant 

effect on gender difference. 

4.3 Qualitative Data Analysis 

The FGD was analysed using NVIVO tool. This method helped in collating and triangulating the 

discussion with the various quantitative data analysis approach. 

4.3.1 Comparison of Focus Group Discussion 

This analysis reported the major themes that emerged from FGD, and their comparisons based on 

gender. Six male and six female respondents participated in the FGD. The majors themes were 

engagement, disengagement, pedagogical aspects, and instructional design elements of learning 

app. 

4.3.1.1 Engagement  

According to FGD, participants were behaviorally and emotionally engaged. In terms of 

behavioral engagement, students got totally involved in educational app. Less effort was exerted 

in comprehending concepts since it was easier to learn from app than conventional instruction 

approach, according to FGD. However, some students responded that they had to put in some 

effort in game, and videos during work. Since, game and videos required lot of effort exertion for 

understanding, one of the female respondents quoted: “I put in effort to focus on things but did 
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not put in any effort to understand the learning concept. Though, I put in some effort in game and 

activity because it revolved around thinking.”  The focus of the participants was totally on the 

app as it was evident from their responses, according to FGD. The activity 2 i.e., a game based 

on reactivity series kept the male respondents focused for a long time where as activity 2 i.e., 

videos/animations kept the females focused for a long time (as depicted in figure 4.6). One of the 

female students quoted: “…the whole app kept me stay focused. No such thing distracted me.”  

The software promoted retention of learning concepts among students contrary to rote learning. 

Following responses were recorded: “Videos made me learn better and I can retain concepts for a 

long time.” and “I got involved and learned far better and memorized in a good way.”  The app 

was equipped with better conceptual understanding which helped students learned a lot. The 

responses of participants were positive regarding comprehending learning concepts via 

educational app. “Through this educational app, I comprehended the concepts way better. 

Concepts were clarified compared to classroom instruction.” and “Conceptual understanding was 

better. The way we were taught through game and an activity was unique to me.”  The students 

reported that they were emotionally engaged during work measured by fun, interest and thinking. 

This app developed interest among students according to a male respondent who quoted: “…lot 

of interest developed for playing games. Our learning was real while playing activities and 

games”. The participants deemed learning from this app as fun. The responses of participants 

regarding this app were “It feels good. You find everything fun”, “I had fun interacting and 

learning using it” and “It was fun to learn”. In participants’ opinion, thinking was involved for 

comprehension (“…allows thinking for understanding concepts”). A respondent said that this 

app revolved around thinking (“Though I put in some effort in game and activity because it 

revolved around thinking.”).  Females reported high level of engagement (90-100%) as 

compared to the males during work since, it was attractive and developed interest among them 

(as illustrated by figure 4.7).   
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Figure 4.6 Bar chart illustrating the students' focus on the specific activities in an app based on 

gender. Activity 1 is based on the reaction of metals. Activity 2 is based on the reactivity series. 

Activity 3 is based on the game of reactivity series. 
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Figure 4.7 Bar chart depicting the engagement level of the students during work with an 

educational app "Patterns of Reactivity" 

 

4.3.1.2 Disengagement 

In general, participants also described themselves as behaviorally disengaged at some point 

during work. Mostly the dominant percentage of behaviorally disengaged were of male 

respondents during FGD. Male respondents were distracted at the beginning of the intervention. 

The systems kept getting stuck due to malware attacks at first revealed by the responses of male 

students “Videos keep getting stuck that distracted me a lot”, “videos were not playing well at 

start.” However, one of the male students was distracted due to the “concepts” as evident by the 

response, “Some concepts distracted me because at that time, I could not understand them well at 

once.” Some students reported that they did not exert any effort during work. As it was easy for 

them to better comprehend learning concepts while interacting with the app as compared to their 

usual Science instruction, so they were not required to exert any effort during work. The students 

quoted: “I did not exert effort. In class, while writing on notebooks we had to exert effort but in a 

lab the case was opposite.”, “Better understanding here so no effort required”, “We were 

watching videos so did not need to exert effort”. It was evident from students’ responses the 

primary reason of not putting in effort. Compared to learning via educational app, students had to 

exert lot of effort in writing on note books and attending the expository lecture simultaneously 
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and it was difficult to catch up the pace of a teacher as evident from their responses. Figure 4.8 

illustrated that the male respondents reported themselves more disengaged as compared to 

female respondents, according to FGD. They revealed high pattern of behavioral disengagement 

while interacting with an educational app during work as compared to the female participants. 

 

Figure 4.8 Comparison of student disengagement during work with an educational app based on 

gender 

 

4.3.1.3 Instructional design elements 

In general, design elements of the educational app were mentioned during FGD. One of the 

participants reported the drawback of this app, “It was less interactive. I want it to be more 

interactive”. This app attracted the students since it contained animations, and a game. The 

students quoted, “The app attracted me a lot because it had animations. Game was most 

attractive of all.”; “Animation attracted me a lot.” The female participants also provided their 

remarks on the content presentation of an educational app, according to FGD. The student 

quoted: “content presentation was attractive in educational app.” However, a female participant 

reported that this app had failed to transfer deeper knowledge in her since, this app lacked in 

definitions and description of some of the learning concepts. 
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4.3.1.4 Pedagogical aspects 

The participants discussed and stated the relevant learning goals, individual misconceptions and 

some of the missing features in the learning app. The students summed up their feelings when 

posed with learning outcomes. When the students described their learning outcomes at the end of 

intervention, they deemed them clear and relevant to their curriculum and listed their primary 

learning goals, followed by the benefits of metals in life and their misuse, reactions, products 

formation, reactivity series, and connection of metals with everyday life. The students reported 

their misconceptions they previously had and some of them stated that the learning app helped 

them address their misconceptions. The misconceptions had revolved around chemical reactions, 

metals and their appearance and relation with everyday life, reactivity series, and product 

formation, according to FGD. Figure 4.9 revealed that the male and female participants 

emphasized equally on establishing connection of metals during FGD. However, males reported 

that their learning capability was enhanced via educational app and females stated that use of 

educational app during instruction promoted peer tutoring where students helped each other in 

understanding concepts or activity during work. A female student quoted: “Teacher should be 

present there to guide us”.  Though, limited guidance or coaching offered by this app was a 

primary drawback as revealed by the female participants. 
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Figure 4.9A bar chart illustrating the pedagogical aspects of an educational app based on gender 

 

4.4 Summary 

This section analysed the data gathered during the experimental process of the present reserach. 

The quantitative data analysis included the comparison of student engagement and learning 

outcomes, and the qualitative data analysis included focus group discussions. Several non –

parametric tests were used to examine the quantitative data using SPSS tool. However, the FGD 

was analysed using NVIVO tool. The findings suggested that the students who received Science 

app instruction demonstrated high level of engaged behaviour on various factors based on 

positive body language, confidence, focus, and fun and excitement as compared to those who 

received conventional Science instruction. Though, gender differences prevailed within the 

treatment group contrary to the control group. Females demonstrated high level of engagement 

using educational app in science classroom as compared to males in this study. Moreover, the 

learning outcomes or content knowledge for the students of engagement groups was somewhat 

similar. However, gender difference prevailed in experimental group than control group. Females 

outperformed males after being taught with an app. Though, the students performed significantly 

better in content knowledge test after receiving an app instruction as compared to their 

performance on pre-test. Furthermore, male and female students participated in FGD to shed 
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some light on the pedagogical aspects, instructional design elements of app, and the student 

engagement and disengagement during work.  
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5 Discussion 
 

Technology plays a vital role in enhancing the learners’ engagement and academic achievement 

(Chapter 2).  This study was conducted on 8th grade students to measure the impact of an 

interactive Science learning app “Patterns of Reactivity” on student engagement and their 

learning performance, and on gender difference.  

The findings analysed in the results section suggest that this app has a significant effect on 

student’s engagement which supports the existing  research  conducted in this field(Hung ibid 

2014; Lester ibid 2014, Tatar ibid 2013). Moreover, this study concluded that the learning app 

“Patterns of reactivity” has no significant effect on student’s learning outcome supporting the 

findings of Terri ibid (2014) who revealed that experimental group did not gain significantly in 

terms of  content knowledge. However,  the literature reviewed for this research reveals a 

significant impact of educational technology and computer games on academic and learning 

performance (Hung ibid 2014, Lester et al. 2014, Cheng-Yu et al. 2014, Zafar et al. 2014, 

Kushwaha et al. 2014 ,Tatar et al. 2013). 

Nevertheless, this app promoted significant gender disparity among students who received 

Science app instruction further supporting the studies previously stated in literature review 

section of this report (Chang ibid 2014, Klisch ibid 2012). While few previous studies reviewed 

in literature review section of this study indicated equal gains among both genders (Dorji ibid 

2015, Lester ibid 2014).  

The factors that contributed to these findings in the study are discussed in this section.  

5.1 Reason of significance in repeated measures of observed engagement 

level on various factors 

Student confidence, positive body language and consistent focus rose till day 2 and declined 

sharply on day 3. The reason of low SC, PBL, and CF on day 1 as compared to on day 2 is due to 

videos posing distraction according to FGD since these videos were not playing and getting stuck 

at first due to some hardware compatibility issues.  
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5.1.1 Reason for the decline of observed engagement level on various factors such as SC, 

CF, F&E and PBL on third day of the intervention 

However, the factors that resulted in decline of observed engagement level on day 3 as reported 

in results section were: a) difficulties in getting started, and b) videos getting stuck during 

activity according to FGD.  Though, the later problem was considered affecting body language, 

confidence, focus and fun negatively as reported in Results section. This was true for the bunch 

of students who considered time valuable and did not want to waste it (Whitton 2014).  

Students learned about reaction of metals on day 3 via a learning activity based on videos and 

animations on various reactions. However, the decline on day 3 is associated with various 

reasons, according to FGD. Some of the reasons included a) getting used to the videos based on 

reactions b) difficulty in comprehending some of the learning concepts c) missing details and 

description of learning concepts d) limited guidance or external support. 

          In general, learning same old thing through videos on day 3 led to low PBL, SC and CF as 

compared to on day 2. May be some of the learning concepts distracted where a student could 

not understand them well at first. Moreover, they required teacher guidance according to FGD.  

Some of the concepts distracted participants because they could not understand them well at first 

according to FGD, so they had to watch some reactions again and again for better comprehension 

for instance; reaction of metals with oxygen. They had to exert effort on few difficult learning 

concepts and to stay focus on reactions with oxygen which they learned on day 3, according to 

FGD. 

5.1.2 Reason for the high observed engagement level on various factors such as SC, CF, 

and PBL on second day of the intervention 

          The SC, CF and PBL was high on day 2 since the visuals were easy and helped the 

students learned a lot in short span of time and it was easy for them to predict the products 

formed in those reaction. Thinking was involved in this learning activity where students 

established connections of metal and reactions with everyday life. However, students paid full 

concentration on their learning and these videos based on reactions helped them clarify the 

concepts thus retaining them for a long time, according to FGD. Moreover, it was easy to 

memorize since no rote learning was involved and this boosted their learning capability.  
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5.1.3 Reason for the rise of observed engagement level on various factors such as SC, and 

CF on fourth and fifth day of the intervention 

    However, from day 3 onwards, SC, and CF rose till day 5 whereas PBL declined from day 4 to 

day 5. The students played learning activity based on reactivity series where the goal was to drag 

and drop element to construct the series and a game “Shooting the balloon” on days 4 and 5.  The 

reason behind elevation is associated with students’ focus on learning, thinking and exerting 

effort, according to FGD. The students had to put in effort in game since it required thinking. 

Game had positive impact on them and they had learned a lot through it. No rote learning was 

involved. The learning activities revolved around thinking for the better comprehension of 

learning concepts, according to FGD. 

         Apart from this, content presentation was attractive. During the game play, students had to 

complete levels within limited time frame so they had to focus on it. Game was fun to play and 

the students had learned a lot in short span of time which means that these students were focused 

and demonstrated high PBL, and SC.  These activities kept them stay focused for a long time and 

kept their interest intact in one place according to FGD. 

5.1.4 Reason for the decline of PBL from fourth day to fifth day of the intervention 

On day four and five, students played learning activity on reactivity series and a game “Shooting 

the balloon”. However, it was difficult for them to construct reactivity series since; details and 

descriptions were missing, according to FGD. Moreover, 2-3 participants shared a single pc 

while the app was designed for an individual use.  The students had to wait while one of them 

played the activity and a game. Though, the game has two levels which were completed in less 

than 5 minutes. That is why, most of the time students were sitting idle which resulted in low 

PBL. 

5.1.5 Reason for the decline and rise of fun and excitement during intervention 

        The fun and excitement of students keep on declining mildly till day 3 and then, from this 

point onward, it rise sharply till day 5. The reason behind decline may be the students exhibiting 

interest and enthusiasm towards the integration of technology in Science instruction on first day 

of an intervention. Since it was a new thing for them, they were excited on their first day of 

receiving instruction through an app. However, the decline was due to the videos and some of the 

difficult learning concepts where students lost their interest towards work, according to FGD.  
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Moreover, learning the same old thing every day via videos may have resulted in decline. 

Nevertheless, the rise in F&E on day 4 and 5 was associated with the fun during game and 

activity play, according to FGD. 

5.1.6 Reason of insignificance in terms of content knowledge 

Factors such as student’s absenteeism, teacher experience, short period of intervention, 

intervention time, approach to technology, and reduced sample size might have contributed to 

this outcome (Terri ibid 2014). However, this study could lead to better results if students had 

attended all the classes during intervention because it may be possible that the low achievers 

could have benefitted from it (Klisch ibid 2012). 

5.2 Science app instruction promoted Peer learning 

During FGD, both male and female participants stated that the educational app promoted peer or 

collaborative learning. The collaborative learning in this study means that the students helped 

their fellow peers when faced with an issue or a difficulty in an app since this app was designed 

for an individual use. Furthermore, research shows that peer learning is effective in engaging 

students and promotes academic growth whereas the peer learning defined in this study was 

different than usual (Cassell and Daggett 2014).  

5.3 Positive feedback of the participants on the content presentation of an 

app 

Participants offered positive feedback in terms of the content presentation in an app. In fact, they 

deemed it appealing. The content was structured, organized and presented well; this was one of 

the essential elements considered in app designing and development (Shiratuddin and Landoni 

ibid 2002).  Students indicated that the app helped them learn concepts rapidly and establish 

connections, retain learning concepts, and comprehend those concepts easily. Moreover, the 

students exerted effort in game and learning activity based on series as these activities demanded 

thinking (cognitive thinking).However, during work these participants did not have to put in lot 

of effort understanding the learning concepts. Though at first, app distracted boys as videos were 

taking forever to play or systems get stuck on videos’ play. Still, students had fun playing with 

and learning through an educational app and this helped them stay focus for a long time. 

Therefore, they reported their engagement level in a range of 80-100 percent, according to FGD. 
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However, the impact of positive emotions and behavior were not transferred to learning 

outcomes assessment. 

5.4 Limitations 

Several gaps and limitations, existing in this study, are discussed in this section. 

5.4.1 Not piloting the learning app “Patterns of Reactivity” prior to an intervention 

Though, formative assessments are basis of an instructional framework, the instructional design 

elements such as content presentation, or an interface were evaluated in general (Williams ibid 

2004).  However, the learning app was deployed for experimentation instead of piloting in 

schools. According to Williams ibid (2014), without pilot testing in schools and targeting 

specific set of students may consider the appropriateness of an app questionable.  

5.4.2 Lack of appropriate and constructive feedback offered in an pp 

Feedback is an essential element in designing learning activities or games. In fact, appropriate 

constructive feedback is necessary to promote curiosity in learners (Whitton 2010). This study 

lags behind in offering constructive feedback to the students. Students were offered positive 

feedback on successful completion of a goal. In addition to offering positive feedback in learning 

activity based on reactivity series, negative feedback with appropriate hints was not offered to 

the students.  

5.4.3 Lack of basic computer skills 

The students had difficulty in dragging and dropping objects in an activity scene at first because 

they did not know the meaning and basic knowhow of this functionality.  Later on, after 

following the guidance, students find learning through and interacting with an app more fun, 

according to FGD. Moreover, this notion is supported by Cheng-Yu et al. (2014) who deemed 

“dragging and dropping” as an essential element to feel the flow of learning activities in an app 

and encourage learners to be engaged in these activities.   

5.4.4 Inexperienced instructor in experimental group 

The instructor who taught the students with an educational Science app had no teaching 

experience as compared to the teacher who taught control group.  
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5.4.5 Lack of resources 

The teacher’s peers recorded individual observations of the students. Only one person was 

present in a class at a time to observe the students individually. During observations, videos were 

not captured due to lack of resources. However, observer gauged the engagement level of 

individual students and jotted them down on a piece of paper.  

5.4.6 Length of observation cycle 

Each observation cycle spanned for 10 minutes in this study where as keeping it to at least 3 

minutes might have resulted in accurate observed measurements. The best practice to gauge 

accurate observation and to examine the effect of technology in classroom is to minimize the 

length of observation cycle in future studies. 

5.4.7 Limited coaching or guidance 

Some of the students took long in comprehending several learning concepts through an app 

PATTERNS OF REACTIVITY, and required guidance or external support according to FGD.  

However, theoretical description regarding the reactivity pattern was missing that could have 

helped them construct the reactivity series and understand it better.  

In spite of not affecting the learning outcomes of the students, this study believes to represent an 

important step in investigating and measuring the relationship between learning approaches and 

student engagement, and gender difference. However, this study contributes significantly to the 

existing research. 

5.5 Summary 

The findings clearly result that the app has a significant effect on student engagement and gender 

difference. However, this app has no effect on learning outcomes. These findings are explained 

in depth while making their comparison with existing literature and studies. The factors that have 

contributed to this study are also discussed in depth besides the limitations and gaps in 

methodology. 
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6 Conclusion 
 

Engagement is a prime element in the learning process. To enhance student’s emotional and 

behavioral engagement, an educational technology with gamification and GBL has been 

embedded in instruction. This study has investigated the affect of educational app “Patterns of 

Reactivity” on 8th grade student engagement and performance. Moreover, this study investigates 

the impact of this educational app on gender difference. The essential finding that has emerged 

from the insights of the whole quasi-experimental study is that the learning app “patterns of 

reactivity” positively affects the emotional and behavioral engagement of the students in Science 

classroom. Moreover, the comparative analysis with conventional Science instruction revealed 

that this app has a significant effect on observed engagement of students on factors such as, fun 

and excitement, student confidence, positive body language, and consistent focus.  However, the 

comparative analysis with the control group does not demonstrate any significant effect of 

learning app on students’ Science learning outcomes. Nevertheless, the present study 

significantly contributes towards the student engagement and gender difference thus, indicating a 

significant performance and engagement gain in females over males.  

6.1 Student Engagement 

The results show that the students who received Science app instruction demonstrated high level 

of observed engagement on PBL, CF, SC and F&E as compared to those who received 

conventional Science instruction. Moreover, girls exhibited significant engagement towards the 

learning app as compared to the engagement level of the girls taught using traditional science 

instruction. Similarly, boys demonstrated high level of engagement when taught with a learning 

app than the boys of control group. The reasons of significant gain in pattern of observed 

engagement level are involvement of thinking, establishing connections with real life objects, 

better comprehension of learning concepts, enhanced learning capability and retention, easy 

memorization of some of the learning concepts, effort exertion during work, and content 

presentation, according to FGD. To gain further insights, the trend of observed engagement level 

on factors such as PBL, SC, CF and F&E are studied and triangulated with FGD. The decline in 

engagement factors such as, PBL, SC, CF and F&E is observed on day 3 where students learned 

about reaction of metals and faced difficulty in comprehending some of the reactions, according 
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to FGD.  The themes that emerged as a result of FGD included behavioural engagement, 

emotional engagement and behavioural disaffection. The analysis of FGD from male and female 

students reveal the effort exerted by the students in comprehending concepts that revolve around 

thinking for instance, “shooting the balloon”  game and learning activities.  

Moreover, the learning app has promoted retention, confidence, and thinking according to FGD. 

However, the videos in an app posed distraction to some of the male students according to FGD. 

Despite the distraction during work, this app let the students stay focused for a long time. In 

addition to this, this app boosted fun and interest among students according to FGD. Though, the 

app promoted peer learning according to FGD, the concept of collaborative learning conveyed 

was taken in other way i.e., the students asked their peer fellows in case of guidance or support 

required during work.  Since, the app was designed for an individual use where the collaboration 

was not required and the teacher did not give any assignment or task in group work, so verbal 

participation was not involved in this study. However, the observers measured the participation 

of the students when they needed guidance or coaching from the teacher or their fellows. This 

factor is not measured accurately and there is not a need to gauge this factor in this study as this 

app promoted individual learning. However, the future researchers may consider the verbal 

participation in their study. 

6.2 Learning outcomes 

The findings reveal that the students who received Science app instruction have not performed 

significantly better than those who received conventional Science instruction. However, after 

being taught with an app, students performed significantly better in learning outcomes test as 

compared to their pre-test. This app has addressed the students’ misconceptions relevant to the 

metals, chemicals and reactions, according to FGD. Apart from this, participants stated learning 

goals relevant to patterns of reactivity in FGD. The FG participants have reported some of the 

clear and concise learning goals and responded with connection of these goals with real life such 

as, metals and their benefits and composition in objects of everyday use etc. However, the 

primary drawback of the app as mentioned in FGD is the limited coaching or external support 

provided to the students. Moreover, this app has promoted self directed learning. It could be 

better to embed a feature in this app where students can reflect on their own learning in future. 
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6.3 Gender Difference 

The findings associated with gender show that the girls have exhibited more interest towards the 

videos embedded in an educational app “patterns of reactivity” whereas boys have demonstrated 

more enthusiasm towards game “shooting the balloon”, according to FGD.  However, the girls 

are observed to be more engaged in terms of positive body language, confidence, consistent 

focus, and fun and excitement during work that is interacting with an app in the whole study than 

boys. Moreover, the girls performed better in terms of learning outcomes than boys after being 

taught with this educational app.  This is the evidence of girls showing more interest towards 

work when technology is embedded in their education. Though, it can be seen that the app has 

promoted gender disparity instead of minimizing it. Apart from this, the girls interacting with an 

app are observed to be more behaviorally engaged towards the work as compared to those girls 

who learned the similar chapter with usual teaching approach (conventional teaching method). A 

similar outcome has resulted in boys promoting the use of technology in an education. Since girls 

show more interest towards the use of learning app, this low cost solution can help eliminate 

illiteracy among girls and those who are not allowed to attend school due to various reasons. 
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7 Recommendation 

 

7.1 At teacher level 

7.1.1 Training programs on offering the use of TPACK in classrooms 

Teachers usually pose resistance to the use of technology in their classroom as reviewed in 

Literature review section. To address this, the training programs on the use of TPACK can be 

offered to the teachers. This will help the teachers integrate technology and pedagogy 

appropriately in the specific subject targeting particular set of learning outcomes.  Moreover, 

teachers can be trained on gamifiying certain set of learning outcomes in the classroom to boost 

engagement and learning outcome of the learners. Furthermore, these training programs will not 

only boost engagement and content knowledge of the students but will also promote blended, 

collaborative, constructivist and game based learning in classrooms thus encouraging and 

promoting student interest towards study in classrooms. This interest can only be developed if 

the experts including teachers, and technologists design and plan curriculum together under one 

platform. 

7.1.2 Creating student centered classroom environment 

Instead of traditional classroom, constructivist classrooms tend to focus on students centered 

learning replacing teacher centered and passive learning. The students instead of receiving the 

instruction are active in the learning process. However, teacher can facilitate the students instead 

of pouring knowledge which is hard to digest for the students thus resulting in boredom.  Though 

in this study, the students according to FGD required a guidance or support. However, this can 

be addressed in future studies by embedding social constructivist approach where teachers act as 

mentor, and supporter thereby prompting and helping students develop and assess their own 

learning and understanding, apart from collaborating and working with peers. 
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7.2 For future developers 

7.2.1 Modification in game 

Developer can embed meaningful and clear instructions so that students can start with the game 

play without getting lost in an activity.  Moreover, content knowledge needs to be sufficient for 

students’ understanding of concepts so as to bridge the learning gap. 

7.2.2 Integrating appropriate feedback mechanism in game and educational technologies 

Appropriate and constructive feedback mechanism should be embedded in games to enhance 

student engagement with technology or game. However, the feedback should be adaptable 

according to the needs and interests of the player.  

7.2.3 Use of taxonomy in designing games 

 The Bloom’s taxonomy approach help learners in comprehension and implementation of 

learning concepts as this is a wide accepted method for planning and designing curriculum (Iliya 

Ibid 2010).The developers can consider this taxonomy while designing games for an educational 

purpose where students can make connections to previously learned concepts and build new 

concepts on existing ones.  

7.2.4 Use of collaborative and blended approach in learning to enhance critical thinking 

skills 

Games should allow students to collaborate and promote class discussions and enhance problem 

solving skills thereby using blended approach in games. Moreover, games should bridge the 

learning gaps by providing students with appropriate scaffolds. Apart from this, games should 

provide optimum challenge to the student so as to maximize fun and interest instead of leading to 

frustration and anxiety among them.  

The goals of an app should map the learning outcomes of the subject or curriculum to boost 

content knowledge of the students. The app should not promote rote learning of concepts instead 

it should help learner make connection of the content learned with everyday life. 

Moreover, future developers can embed game elements in their app that can promote 

collaborative learning apart from individual learning.  
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7.3 For future researchers 

7.3.1 Minimizing gender disparity 

This study lags behind in enhancing gender parity. However, the researchers can deduce a 

solution to bridge this gender gap thus promoting equal gain in terms of engagement and 

learning achievement in their future study. Moreover to address this issue, game 

understandability and reliability should be promoted for both genders to gain maximum benefit 

from it.  

7.3.2 Providing quality education to everyone, everywhere 

Since the girls seem more interested in the use of educational app in Science classroom in the 

present study, hence, this could be the alternative solution to those who are not allowed to attend 

the school. This study has provided a low cost, and reliable solution in a low cost private school 

which if incorporated in future studies can enhance retention and eliminate illiteracy particularly 

in Pakistan. Since, literature reviewed in this study show that girls are unwilling to attend school 

due to various reasons mentioned in literature review section of this report (AlifAilaan 2014). 

The future researchers can help eradicate this major problem by providing quality and low cost 

education to these girls at home. 

7.3.3 Promoting verbal participation through an educational technology 

Future researchers can study verbal participation by encouraging collaborative or social 

constructivist learning environment in classrooms. Though, in this study, PATTERNS OF 

REACTIVITY app promoted individual learning, still participation of the students can be 

accurately measured by integrating design elements that promote collaboration and where 

students can reflect on ideas and express their answers when posed with questions via a 

technology. 
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Appendices 

Appendix A Learning Outcomes-Pre Test 

Name_________________________________________ 

Section___________ 

 

1) Gold is a non-reactive metal                                                                               (True/False) 

 

2)  Water pipes are made of_____________  

a) Copper Only     

b) Copper and Iron   

 c) Zinc Only 

3)   Drinking Water is composed of Zinc element.                                                 (True/False) 

 

4)    Potassium metal is highly reactive in nature.                                                   (True/False) 

 

5)    Hydrochloric acid is dangerous in nature i-e; it burns skin on contact.       (True/False) 

 

6)    Which gas is evolved when Zinc reacts with Sulphuric Acid? 

 

               Zn + H₂SO₄     ___________ + ____________ 

 

 

7)  What causes “Rusting”? 

 

             _____________________________________________________________ 

 

 8)   Steel is an alloy of _____________ 

 

9)   Platinum shows reaction with hydrochloric acid.                                               (True/False) 

 

10)   Human bones are made of_____________ element. 
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Appendix B Learning Outcomes Post Test 

Name_________________________________________ 

Section___________ 

 

1) Silver is a non-reactive metal.                                                                              (True/False) 

 

2) Table salt is composed of _____________  

a) Zinc 

b) Magnesium 

               c) Potassium 

d) Sodium 

 

3)    Drinking Water is composed of Zinc element.                                                 (True/False) 

 

4)    Sodium is least reactive than Potassium.                                                         (True/False) 

 

5)    When Calcium reacts with hydrochloric acid, fumes of Hydrogen gas are formed.       (True/False) 

 

6)    What product(s) is/are formed when a metal reacts with oxygen? 

 

               Copper + Oxygen  

 

7)     A boy stuffs (adds) pieces/chunks of Zinc in a balloon. He puts the balloon on the mouth of a flask. 

The flask contains 6ml of Hydro Chloric Acid. After few seconds, balloon starts to inflate 

forming Zinc Chloride. What do you think how was the balloon inflated? What is the reason 

behind balloon inflation? 

 

 

             _____________________________________________________________ 

 

      8)   Steel is an alloy of ___________   
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      a) Iron   

      b) Zinc  

      c) Copper 

      d) Silver 

9)   Lead burns in air on bringing it closer to flame.                                               (True/False) 

    10)   Match the metals with numbers in order from high to least reactivity.  

 

 

 

 

 

 

 

  

Potassium 

Magnesiu

m 

Zinc 

 

Silver 

1 

2 

 3 

4 
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Appendix C Worksheet 

Name  

Reaction of Metals and Forming Reactivity Series 

Worksheet 

 

S.No Metals Reaction with Water Order of 

Reactivity 

Products 

1     

2     

3     

4     

5     

6     

7     

8     

9     

10     

11     

12     

13     

 Metals Reaction with Acid(Hydrochloric 

Acid) 

Order of 

Reactivity 

Products 
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14     

15     

16     

17     

18     

19     

20     

21     

22     

23     

24     

25     

26     

 Metals Reaction with Oxygen Order of 

Reactivity 

Products 

27     

28     

29     

30     
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Appendix D STROBE tool for measuring observed engagement 

level 

 

 

 

  

ID Positive Body 

Language 

1st          2nd          

3rd 

Consistent 

Focus 

1st          2nd          

3rd 

Student 

Confidence 

1st          2nd          

3rd 

Fun and 

Excitement 

1st          2nd          

3rd 

Verbal 

Participation 

(Times) 
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Appendix E Observations 

 

 

    Very High      High      Medium     Low      Very Low 

 

Positive Body Language         

Students exhibit body postures that indicate they are paying attention to the teacher and/or other 

students. 

 

Consistent Focus  

All students are focused on the learning activity with minimum disruptions. 

 

Verbal Participation  

Students express thoughtful ideas, reflective answers, and questions relevant or appropriate to 

learning.  

 

Student Confidence 

Students exhibit confidence and can initiate and complete a task with limited coaching and can 

work in a group. 

 

Fun and Excitement  

Students exhibit interest and enthusiasm and use positive humor.  
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Appendix F Questions for Focused Group Discussion  

Engagement Question: 

Your thoughts on educational software based on Science? How was your experience? Share your 

experience with me. 

Exploratory Questions: 

1) Give at least 3 strengths and 3 weaknesses of app? Why? (Enjoyment, fun, boring, engaging, 

disengaging) 

2) What did you learn from this work? Did you find this educational software relevant to your 

curriculum? (Learning goals) 

3) What were your biggest misconceptions?  Did this educational software help you address the 

misconceptions you had previously in Science (Chemistry)? (Addressing misconceptions) 

4) Did you get distracted during work (playing with educational software)? Why did you get 

distracted or why not? (Concentration/Attention) 

5) How much effort did you exert in this work? (Effort Exertion) 

6) Which things/parts in an app kept you stay focused for a long time? Why? 

(Focus/Concentration) 

7) How engaging did you find this educational software? What did you learn from it? 

(Engagement) 

Exit Question:  

Anything you wanted to add. 
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Appendix G Lesson Plan 

 

 

Lesson Plan on Patterns of Reactivity for 8th Grade Students 8.16.2015 

 

Subject  Overview 

Science 

 

 

Grade Level 

8 

 

 Students will learn about differences and similarities in reactions of 

various metals with water, oxygen and acid. In addition to this, 

students will construct reactivity series based on the extent of 

reactivity of various metals. Apart from this, students will discover 

about the benefits of metals and their daily usage in everyday 

objects. 

 

  Teacher Guide  Student Guide 

Objectives  To help students in making 

observations, so they can make 

notes apart from identifying the 

products formed in  various 

reaction 

To help students construct series 

by distinguishing between the 

reactions of metals with water, acid 

and oxygen 

 To show that although metals react 

in a similar way with oxygen, 

water, and acids, some react more 

than others  

To establish and use a reactivity 

series of metals 

Goals  To help students where they need 

assistance or guidance 

 

 To identify and describe 

similarities in chemical reactions 

between metals and oxygen, water 

and acids. 

To recognize differences in the 

reactivity of different metals 

To use differences in the reactivity 

Materials Required 

Worksheet 

Pens/pencils 

Note Books 

 

Prior Knowledge 

Learning outcomes mapped 

to David Coppock’s Science 

Fact File for Secondary 

Classes 3; Chapter 2 Reaction 

of metals   

Word and Symbol Equations 

to describe chemical 

reactions of metals , metal 

oxides and metal carbonates 

with different acids 
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  Teacher Guide  Student Guide 

of metals to explain some everyday 

uses and occurrence of metals 

Verification  To assess the learning of students 

by posing them with several 

questions 

To assess their worksheets in order 

to evaluate their learning 

 To  reflect on their own learning 

by working collaboratively and  

To jot down the observations made 

during watching videos on reaction 

and reflecting on it by participating 

in class discussion or  

Activity  To help students where they need 

support, guidance or coaching.  

To help students introduce these 

activities by carefully reading the 

instructions to them. 

To get a timely feedback from the 

students besides observing them 

play 

 

 Patterns of reactivity App 

Learning activity based on 

reactions of metals: 

This activity will show the videos 

or animations of desired metal’s 

reaction followed by questions 

regarding the observations and 

products formation  

Learning activity based on 

reactivity series: 

This activity will help students 

construct reactivity series apart 

from exploring the daily usage of 

metals in objects or items of daily 

use.  

Shooting the balloon Game: 

This gamified activity will help 

students assess and reflect on their 

own learning by achieving the 

goal. The students will shoot the 

correct metal balloons from least to 

high reactivity order or vice versa. 

The game will be based on 2 

levels. 

 


