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ABSTRACT 

All Computer Science majors are required to take introductory programming (CS1) as a 

fundamental course which has a high dropout rate. Researchers report that CS1 students lack 

motivation and need constant resource support. Motivated by these factors, we developed a 

cyberlearning environment embedded with learning engagement strategies such as Collaborative 

Learning, Social Interaction and Gamification. The purpose of research is to investigate the impact 

the cyberlearning environment had on student acquisition of programming concepts. I conducted 

a series of studies to empirically validate these learning engagement strategies in the context of 

student learning outcomes. The results of my dissertation have shown that Gamification and Social 

Interaction when combined or used individually had more positive impact on student learning 

when compared to that of other learning engagement strategies. 
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1. INTRODUCTION 

This section introduces students to the problem statement, research goals and research 

framework of the dissertation. 

1.1. Problem Statement 

Programming is at the heart of computer science. Typically, all computer science programs 

start with an introductory programing course across. In recent years, the demand for programmers 

and student interest in programming have risen quickly, and introductory programming courses 

have become increasingly popular. Despite this widespread interest, introductory programming 

courses are still perceived as intricate and difficult by students [1]. Some of the students are 

exposed to programming for the first time and within a semester, students enrolled in an 

introductory programming course are expected to be proficient at transitioning from natural 

language to machine language, be able to solve problems using some programming language and 

gain practical program development skills. Achieving expertise in programming generally requires 

students to understand how programming is used in the problem-solving process and then the 

design and development of computer programs. Students are introduced to a lot of information in 

an introductory programming course and this places a high cognitive load on students as they are 

constructing mental models of programming constructs and develop algorithmic thinking. 

Combining the cognitive overload, unmanageable work and perceptions about programming, 

students feel that introductory programming courses are uninteresting and lacking engagement. 

It is notable that every student reacts diversely to challenges and stressful circumstances 

they face during their learning [2]. A standout amongst the most outrageous and unfortunate 

responses of students in a distressing situation is dropping out of the course. The enormity of the 

issue becomes concrete when we look at the dropout rates in introductory programming (CS1) 
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courses that numerous organizations report. Some of the researchers have revealed that the dropout 

rates in computer science are as high as 30 -40% with most of the students leaving after taking 

CS1 – introductory programming course [5]. Prior research has reported that CS1 students would 

benefit from more resource support and if they are able to practice and receive timely feedback, 

and are more actively engaged in their own knowledge construction [7].  

To address high dropout rate and lack of motivation amongst CS1 students, CS1 instructors 

have attempted numerous pedagogical approaches, ranging from special development 

environments [8], different learning approaches [10], using collaborative learning and  modern 

technologies [9]. It has been reported that using modern technologies that uses gamification can 

help improve intrinsic motivation of CS1 students. This dissertation hypothesizes that, utilizing 

gamification coupled with other learning strategies can enhance peer-to-peer interaction, student 

retention and improve collaboration as students learn programming concepts.  

Gamification is generally defined as the use of game elements in a non-game context [21]. 

The term gamification originated in the digital media industry around 2010 and has been utilized 

by wide range of industries, for example, art, call center, commerce, education, entertainment, 

environment, design, government, health, life, marketing, market research, mobile, social good, 

web sites and work. Gamification is starting to being used to support STEM pedagogy and has 

resulted in improved motivation and reduced dropout rate [11, 12]. This dissertation is an attempt 

to use gamification and other learning engagement strategies to support CS1 pedagogy. 

To address above issues, I have been part of NSF research initiative that has led to the 

development of SEP-CyLE Software Engineering and Programming Cyber Learning 

Environment, (available at https://stem-cyle.cis.fiu.edu/) [13]. SEP-CyLE is a cyber - learning 

environment that uses various learning and engagement strategies including collaborative learning, 
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gamification and social interaction. The integration of gamification, social interaction and 

collaborative learning in SEP-CyLE are meant to help students explore content, assess their own 

competency on a wide range of software engineering and programming topics, gain tool 

proficiency, and interact with their peers and instructors. SEP-CyLE platform provides essential 

learning and engagement resources to students, hopefully motivating them to access course 

relevant information at their own time through the employment of vetted Learning Objects, video 

tutorials, and self-assessment tools. 

1.2. Research Goals  

To evaluate how the Learning Engagement strategies (LEs) in SEP-CyLE impacts student 

learning (in the context of improving student motivation and engagement), the goal of this research 

is to validate the effective usage of SEP-CyLE in introductory programming courses by 

manipulating different combination of Les with different student groups. To that end, the primary 

goal of this dissertation is defined as follows: 

Analyze SEP-CyLE by manipulating the usage of different Learning Engagement 

strategies and measuring their effects on students' acquisition of programming knowledge 

and skills in an introductory computer programming course. 

The result of this dissertation will also provide feedback to the SEP-CyLE development 

team on how SEP-CyLE design can be improved or adapted for different student groups and 

classrooms. A part of this dissertation focus was to gain a comprehensive understanding of 

gamification in CS education. To that end, a systematic literature review was conducted to identify 

and classify various GEs in CS education and how they can influence student learning which in 

turn will improve SEP-CyLE framework and student experience. Formally stated, the secondary 

goal of the dissertation is defined as follows: 
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Analyze educational research literature to identify and evaluate gamification elements in 

terms of their positive and negative effects on student learning of software engineering and 

programming concepts. 

1.3. Research Framework 

To achieve the research goals listed in Section 1.2, this dissertation followed a sequence of 

research activities that had four major focal points and are discussed below: 

I. Systematic Literature Review (SLR): The first step was to perform the SLR of software 

engineering and computer science literature. This resulted in the identification of most 

commonly used gamification elements in CS/SE education and its impact areas on student 

performance indicators. 

II. Empirical validation of Collaborative learning: This step evaluated the collaborative 

learning feature of SEP-CyLE in CS1 classroom through a series of studies at NDSU. 

III. Empirical validation of different combinations of LEs: Next, different combinations of LEs 

(Gamification, Collaboration Learning, Social Interaction) were manipulated to measure 

the most effective way of using SEP-CyLE in CS1 classrooms. This was done by 

conducting studies at NDSU and then analyzing SEP-CyLE usage at other collaborating 

institutions to generalize the effective usage of SEP-CyLE.  

IV. Analyzing the knowledge deficiencies of students: While SEP-CyLE usage demonstrated 

significant student learning outcome gains, this dissertation also provides findings on the 

most common knowledge deficiencies of CS1 students that can guide the development of 

Learning Objects specifically for those hard-to-comprehend CS1 topics. This dissertation 

also provides feedback to CS1 instructors on ways to integrate the digital learning objects 

in CS1 curriculum to ensure that students are learning most relevant topics.  
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2. LITERATURE REVIEW 

This chapter introduced readers to the learning engagement strategies utilized in SEP-

CyLE. This section will briefly describe most commonly used learning engagement strategies in 

CS/SE education and provide evidence on benefits of using them in a cyber-learning environment. 

2.1. Gamification 

Gamification is a method of incorporating game elements into non-game contexts in an 

attempt to extend user-engagement [21, 22]. Common gamification elements in education includes 

points, levels, and achievements [21]. Gamification allows participants to replicate their behavior 

in a non-game context (e.g., completion of a course module) as they would do in a game setting, 

as noted by Deterding [21]: 

“Indeed, games are full of points, scores, tokens, and so on… the ‘fun’, the pleasure of 

these elements does not come from some extrinsic reward value of those elements, but 

chiefly from the experience of competence they give rise to.” 

Gamification has the potential to increase user engagement in learning, at the same time 

providing input or feedback on that learning. Since students typically report a scarcity of 

engagement when learning introductory computer science course, gamification has the potential 

to provide an approach to advance student motivation and engagement and also providing feedback 

on the student’s level of competence of the learned material [19]. 

In educational context, there have been few endeavors to gamify learning activities with 

two primary purposes. The primary objective is to encourage desired learning behaviors, for 

example, following software engineering best practices, fostering the participation of students into 

learning communities, or advancing active participation in peer assessment [24 - 28]. Second goal 

is to improve engagement of students in learning, for example by the utilization of learning 
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materials like tutorials or digital tools [29 - 30]. The effects on gamification in education show that 

it's a promising technique if carefully integrated into learning material. A large portion of the 

studies have shown gamification has an improvement in students understanding and their 

engagement. Specifically, it was found that leaderboards were most motivating. Badges and 

progress bars accounted for low interest components. Studies conjointly found a major increase 

within the performance of the students once utilizing these GEs [31]. 

Gamification, applied to introductory Computer science pedagogy, might offer students an 

interesting, effective, novel approach to learn introductory computer science skills and 

consequently increase attraction and retention for students. The usage of gamification in education 

is tied to its potential to increase student engagement, and learning [32-34]. This dissertation is 

focused at using specific GEs (reward points and leaderboard) and evaluating their impact on 

student learning in an introductory computer programming course. 

2.2. Collaborative Learning 

Collaborative interactions among students, has shown constructive outcomes across totally 

different levels of education, starting from young kids doing their school projects like craft works 

in groups to college students performing on development projects [47-48]. Collaborative learning 

can be particularly helpful to first year programming students [41]. Collaborative learning is a 

common academic practice [41 - 43], where students work together on single task and become 

responsible for each other’s learning still as well as their own [44]. Students are interactively 

engaged within the subject material, perceptive to different problem-solving approaches, keeping 

one another centered on the task, and learn to verbalize problems [45].  

The researchers have observed benefits to students learning when using collaborative 

learning. Most of the benefits [41, 43] contribute to students’ sense of belonging and sense of 
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security, which is most important for first year students who are at risk of leaving the college or 

discipline [46]. It is hypothesized that collaborative learning will help students at improving their 

algorithmic critical thinking and course success rates. Prior research shows that it can also have a 

positive impact on cognitive growth and skill acquisition and transfer. Low retention rates in 

introductory programming course may be improved with early team experiences since team 

experiences are coupled to will increase within the sense of belonging, a key retention factor. 

2.3. Social Interaction 

Interactivity - a central part of Internet-based learning, and Web-based learning and plays 

an important role in education. Draves [59] contends that it is the quality interaction, but not 

content, that will determine whether real learning takes place. The importance of social interaction 

has been underlined by Hiltz (1994) [58] stating that “the social process of developing shared 

understanding through interaction is the ‘natural’ way for people to learn’’ (p. 22).  Whereas 

Hooper and Hanafin studying the effects of a group composition identified that “achievement 

differences attributable to group composition correspond to differences in intra-group interaction”.  

Social interaction helps students to learn from and exchange ideas with other students. This 

helps in creating a positive environment, where the students would be making connections, 

consolidating new ideas with students. Hurst [60] found that social interaction helped to enhance 

the critical and problem-solving skills of their students. 

2.4. Digital Learning Objects 

A Learning Object (LO) is an assortment of content, practice questions, and assessment 

based on a single learning objective to support learning. David Wiley describes LOs as small 

chunks of knowledge that are self-contained and re-usable [50]. 
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To facilitate reuse with a minimum effort, a learning object is “bundled” to incorporate a 

lesson and an assessment. Digital learning objects assist understanding of more abstract and 

complex concepts. Digital learning objects are small, modular, discrete units of learning designed 

for electronic delivery and use.  

Regolith and Nelson (1997) suggest that when teachers first gain access to instructional 

materials, they often break the materials down into their constituent parts. They then reassemble 

these parts in ways that support their individual instructional goals. This suggests one reason why 

reusable instructional components, or learning objects, may provide instructional benefits: if 

instructors received instructional resources as individual components, this initial step of 

decomposition could be bypassed, potentially increasing the speed and efficiency of instructional 

development” [51].  

In brief, a learning object is any entity, digital or non-digital, which will be used for 

learning, education or training [53]. In SEP – CyLE, learning objects are limited to the digital type 

(Digital Learning Object- DLO). DLOs are extremely appealing to SEP-CyLE as a result of they're 

a lot of smaller chunks of learning content than courses, modules or units; they typically require 

between 2 to 15 minutes for completion [52]; and also, they are self-contained interactive, reusable 

and may be aggregative. 

The IEEE standards for LOs establish four elements for every LO:  

(1) Objective - ought to address just one learning objective;  

(2) Content - learning material focuses on it objective;  

(3) Practice - Opportunity for learners to review facts and key concepts using: exercises 

and/or quiz-type self-tests; and  
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(4) Assessment- the LO ought to assess whether or not the learner has achieved the 

educational objective 

The central to the design of SEP-CyLE are deployment of digital learning objects (prepared 

and vetted by experts) to promote personalized study and enhance learning. SEP-CyLE contains 

an array of LOs spanning computer programming and software engineering concepts. 
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3. SEP-CYLE – SOFTWARE ENGINEERING AND PROGRAMMING CYBER 

LEARNING ENVIRONMENT 

This section provides an introduction of the SEP-CyLE, its main features and how it can 

be used in programming courses by instructors (or TA’s) and their students. This section also 

describes the interfaces used by the instructor and students to illustrate the usability of the system.

 SEP-CyLE is a collaborative effort between Alabama A&M University, Florida 

International University, Florida Gulf Coast University, Florida A&M University, Georgia 

Southern University, Miami University - Ohio, and North Dakota State University and Virginia 

Commonwealth University. SEP- CYLE was initially referred as Web-based Repository of 

software Testing Tools (WReSTT) was introduced around 2009 and enclosed seven tools, software 

testing tutorials and links to alternative materials [52, 54]. To support undergraduate computer 

science education, SEP -CyLE became a cyber learning environment rather than a repository for 

learning materials. This section first explains the features of the SEP-CyLE and followed by how 

the LEs are integrated into the SEP- CyLE environment. Later, the usability of the system from 

the perspective of both the instructor and the student and finally, how it is used in the classroom. 

3.1. SEP-CyLE Features 

Below figure shows a block diagram of the main features of SEP-CyLE. The features of 

SEP-CyLE include: 

❏ Authentication - provides numerous users with completely different levels of access. 

These users embody students, instructors and administrators. 

❏ LESs - the Learning and engagement strategies supported in SEP-CyLE including 

Collaborative learning, gamification and social interaction. Additional details on the 

integration of the LESs are described later within the text. 
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❏ Learning Content - contains the digital learning objects (DLOs) on numerous software 

programming and testing topics and tutorials for many testing tools. 

❏ Administration - provides the administrator with the power to get numerous reports 

(number of users, types of users, etc.), configure the system, and facilitate the course 

management activities. 

❏ Course Management - generate student reports for instructors and individual students, 

assignment of student and instructor roles. 

 

Figure 1: Block Diagram of SEP-CyLE 

3.2. Integrating LEs into SEP-CyLE 

Currently there 3 LESs integrated into the assorted features of SEP-CyLE, Collaborative 

learning, gamification and social interaction.  

Collaborative learning is targeted around virtual groups and/or the complete category 

taking part in varied SEP- CyLE activities. Collaborative learning happens as follows:  
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(1) All members during a virtual team are needed to complete a DLO before every student’s 

profile is refreshed to show the DLO has been finished; 

Furthermore, (2) team member post to forum in SEP-CyLE benefiting other students within 

the class. 

Gamification in SEP- CyLE is predicated on a virtual points system. These virtual points 

are awarded to every student upon successful completion of allotted individual and team activities, 

or different activities designed to motivate students to communicate with SEP-CyLE. The virtual 

points are displayed in a leader board, which shows how the other students have performed in the 

activities and who stands top in the class. Students could also be awarded virtual points for the 

subsequent activities: individual - finishing DLOs, viewing tutorials, posting to the class forum, 

change or update their user profile; and Collaborative - finishing DLOs and posting useful learning 

content that advantages the class. 

Social interaction is based on the utilization of various social features amid the learning 

procedure, either exclusively or as a major aspect of a learning community. These features include: 

student profiles, message forums, rating of DLOs, rating of tutorials, rating of forum posts, activity 

streams (individual and class wide). 

3.3. Usability of the System 

Both the Instructor and student perspective will be discussed in this section. Let us first go 

through the features of the instructor portal and then will discuss about student portal. 
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Figure 2: Instructor Home Page  

3.3.1. Instructor Portal 

Above figure shows how the instructor portal looks like. It has 4 sections: 

1. Student Management 

2. Course Communication Management 

3. Assignment Management 

4. Miscellaneous. 

3.3.1.1. Student Management 

The instructor will be able to upload the student roster by using the student roster feature. 

He could directly upload the csv file of the entire class or he could add single student at a time. 

Also, if he would like to remove a student he could remove that selected student by selecting the 

remove feature. 
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By using the student teams feature, the instructor will be able to assign students randomly 

to a virtual team and if the instructor wishes to edit or delete the team he could be able to do it with 

the help of edit or delete options. 

Coming to the final feature of student management, which is assignment of virtual points. 

The instructor will be able to assign the number of virtual points the student would gain when they 

finish the quiz first, if the team completes a LO first the team would acquire few extra points and 

similarly if the student starts thread in discussion forum they might be able to score few virtual 

points which assigned by the instructor. 

 

 

 

Figure 4: Student Management Page of Instructor 

 

Figure 3: Student Management Page of Instructor 
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Figure 4: Assignment of Virtual Points Page 

 

Figure 5: Assignment of Teams Page  

3.3.1.2. Course Communication Management 

If the instructor would like to add a new course forum or edit the existing course forum or 

view the existing course forums, then the instructor can use this space to perform any action 

regarding the course forums. Manage course forum would help the instructor to manage the forums 

and view forum would help to view the forums that are present for that course. 
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3.3.1.3. Assignment Management 

This is an important section of SEP-CyLE.  This where the instructors will assign the 

Learning objects and tutorials to students. Once the instructor clicks the learning object icon, he 

will be directed to a page where he could see the leaning objects that are been assigned and also, 

he would be provided an option to add new assignment. 

 

Figure 6: Assignment of LOs Page 

The instructor could assign the start date and end date; how many attempts are allowed for 

students to pass the LO and what would be the minimum passing score. 

3.3.1.4. Miscellaneous 

This where the system generates student reports for instructors and individual students, 

assignment of student and instructor roles. The instructor could enable the required Learning 

Engagement strategies.  
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Figure 7: Enabling LEs by Instructor 

3.3.2. Student Portal 

Once the student logins into SEP-CyLE, they could see the courses that they have been 

enrolled for. On clicking the course, they will be navigated to their course dashboard where they 

could see the LOs and tutorials that are been assigned, leader board, their team and various course 

activities that being performed by their classmates. 

3.3.2.1. Learning object and tutorial assignment 

The student could view the LOs and tutorials that been assigned to the student, once they 

open the LO, they could see the information related to it followed by the practice quiz and real 

quiz (for which the instructor had assigned the number of attempts). Tutorial assignment is like 

LO assignment, only that they need to complete the tutorial, but they would not have quiz attached 

to it.  

3.3.2.2. Course team  

If the instructor has assigned the student to any team, they could see it in this section. They 

could see their team members also and to how many groups they have been assigned, this where 

the collaborative learning LE comes into picture. Each team would gain few virtual points based 

on their team member’s individual completion of the task. 
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Figure 8: Student Team View 

3.3.2.3. Course Leaderboard  

Student could see which student is performing better and who is on the top, along with 

their position in the course.  

3.3.2.4. My Course Activity 

This provides the students their recent activity in the course, they could also view their 

report. By viewing their report, they would see how the rest of the class is performing and how 

he/she is performing for that assignment. 

3.3.2.5. Course Activity 

This provides the information about what are the other students activities and what are they 

performing in the course.  How many points did the other students have scored and they have many 

comments in the course forums. 
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Figure 9: Course Leaderboard View 

 

Figure 10: Course Activity View Page 
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4. RESEARCH WORK 

This chapter describes the framework of research. Section 4.1 describes the overview of 

the studies that were conducted during the dissertation. Section 4.2 describes the Systematic 

Literature Review conducted to identify and analyze the gamification elements that are used in 

Computer science and software engineering education which have empirical evidence of positive 

impact on student learning, Section 4.3 describes the LO's that are used in the studies, Section 4.4 

describes the empirical studies conducted to evaluate the different learning engagement strategies 

to improve student learning. Section 4.5. explains the study that evaluates the impact of different 

combination of LEs at North Dakota State University. I conducted a Multi institutional study that 

evaluated the impact of different combinations of LEs, which is described in Section 4.6. Section 

4.7 explains the study that was conducted to analyze the knowledge deficiencies of students. 

Section 4.8 describes the study that evaluated the impact of LOs on Student Learning. 

4.1. Overview of Studies Conducted 

Below Figure 12 presents an overview of my research work that I completed. This includes 

the Systematic literature review that was conducted and the control group studies that I have 

conducted to measure the effect of the learning engagement strategies on student learning. 
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Figure 11: Overview of Research Work Complted 

4.2. Systematic Literature Review 

This systematic review relies on rules established by Kitchenham and Charters [55] in 

guidelines for performing Systematic Literature Reviews in Software Engineering. A Systematic 

literature review could be a means that of assessing and decoding all the accessible analysis applied 

to a selected research question, area of interest. The subsequent steps were enforced in accordance 

with the rules for a systematic literature review established by Kitchenham and Charters [55]. The 

main goal of the survey literature review is formally stated as [56] 

Analyze literature for understanding and evaluating gamification elements with respect to 

their effects on student learning in the context of software engineering and computer 

science courses. 

First, we formulated the research questions to achieve the main goal. Then selected the 

source and developed a search string, following that we have included few criteria’s for including 
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and excluding the papers that are resulted from the study. Then, we discussed about the study 

execution, data extraction and finally jotted the results from the search. 

Let us start from the first step, which is formulation of the research questions. They are 

listed as follows:  

RQ1: What are the most commonly used gamification elements in CS and SE courses? 

RQ2: What is the evidence for the benefits of these gamification elements on student 

learning? 

RQ3: How can answers to RQ1 and RQ2 be incorporated into the design of cyber learning 

environments? 

The second step is source selection and search string development; the databases that are 

searched are ACM Digital Library, IEEE Xplore, ProQuest, and Web of Science. In addition, the 

following conference and journal proceedings were also reviewed to ensure that all the relevant 

results were included: SIGCSE, CSEE&T, ICER, ITICSE, TOCE, Computers and Education. 

Coming to the search string that we have used, we combined some relevant keywords and 

synonyms which developed the following search string  

(game or gamification) OR (elements) AND (effect or impact) AND (education or learning or 

student or course or computer science or software engineering or lecture). 

The results included the papers that are from most recent times which are dated 2010 and 

above. Also, no more than 500 results considered because they were more relevant to the research. 

Inclusion and exclusion criteria: All the papers that have been included have answered RQ1 

and RQ2; papers that had empirical evidence; papers that in English and finally, that can be applied 

to CS/SE courses. Whereas the exclusion criteria included the papers that are not in English; papers 

that have not focused on student learning; papers that don't have empirical results; and papers that 
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talk about designing games. Next step in systematic literature review is study execution. We have 

drilled our papers count to 16. This happened as follows first we found 5450 papers at first, then 

Application of the inclusion, exclusion criteria got the paper count to 876. This was further reduced 

to 154 papers based on review of the abstracts. Each of the remaining papers was read in its 

entirety. After reading each of the selected papers, only 16 remained and the list of the selected 

papers is provided in Table 2. 

Table 1: List of Included Publications 

ID Title Reference 

P1 The Study of Gamification Application Architecture for Programming Language Course [63] 

P2 Applying gamification in the context of knowledge management [64] 

P3 Game2Learn: Improving the motivation of CS1 students [65] 

P4 Gamification in Educational Software Development [66] 

P5 Improving Participation and Learning with Gamification [67] 

P6 A Playful Game Changer: Fostering Student Retention in Online Education with Social 

Gamification 

[68] 

P7 On the Role of Gamification and Localization in an Open Online Learning Environment: 

Javala Experiences 

[69] 

P8 Does Gamification Work? — A Literature Review of Empirical Studies on Gamification [62] 

P9 TrAcademic: Experiences With Gamified Practical Sessions for a CS1 Course [70] 

P10 How (not) to Introduce Badges to Online Exercises [71] 

P11 Motivating Skill-Based Promotion with Badges [72] 

P12 Increasing Students’ Awareness of Their Behavior in Online Learning Environments 

with Visualizations and Achievement Badges 

[73] 

P13 The Effect of Virtual Achievements on Student Engagement [74] 

P14 Gamification for Engaging Computer Science Students in Learning Activities: A Case 

Study 

[75] 

P15 A Gamified Mobile Application for Engaging New Students at University Orientation [76] 

P16 Teaching Software Engineering Through Game Design [77] 
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Coming to the data extraction part, since we have gotten the important data out of all data 

consistently, we have developed a data extraction form. We extracted the following data from each 

paper to ensure that same information was extracted from each paper and to avoid any researcher 

bias. 

Table 2: Data Extraction Template 

Field Description 

Study ID Unique identifier for the paper (same as the reference number) 

Bibliographic data Author, year, title, source 

Study Type Journal/conference 

Study aims The aims or goals of the primary study 

Study type The type of research performed (e.g. case study, controlled experiment) 

Gamification elements The gamification element(s) identified by the study 

Focus area CS or SE course 

Evidence/Results Evidence regarding the usefulness of gamification elements for student 

learning 

Concepts The key concepts or major ideas in the primary studies 

Higher-order interpretations Limitations, guidelines or any additional information 

 

Finally, the results have given the information about commonly used GEs, evidence of 

benefit of these elements and how could we implement these in SEP-CyLE and improve the design 

of SEP-CyLE. Gamification is usually outlined as the use of gamification elements in non-game 

context, that helps in increasing the student’s engagement. As there are several GEs utilized in 

previous works, this focuses on the list of GEs that are utilized in within the areas of CS and SE 

education. Supported our literature review, we tend to know eleven most commonly used GEs 

within the educational contexts. we've got provided brief descriptions of every GE below. 
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Points (Pt): These are the rewards that are assigned to the students for the completion of a 

specified task. The point system is utilized as measure of success or progress or an accomplishment 

Badges (B): These are depicted as a token of accomplishment. These are also rewards that 

are assigned to students after they complete a selected task or after they reach a goal. 

Leaderboards (Lb): These produce a competitive atmosphere among the students. A 

leaderboard is that the board that shows the positioning of the students based on the points that 

they have earned. The show is often created on an individual basis for every score or for overall 

scores that are earned by the students. 

Avatars (A): These are the characters that fill in as a virtual illustration of the player. 

Because the player progresses within the game, they will get additional things, which permits the 

avatar to evolve over the time. 

Storylines (S): Storylines confer with the employment of a narrative or a subject within 

the game that the user is taking part in. Storyline provides extra external motivation as a result of 

students become endowed within the narrative and need to assist progress it. The theme provides 

additional extraneous motivation by relating the learning modules to one thing that students realize 

or discover as more charming. 

Visualizations (V): This is often special and extraordinary GE, wherever the student's 

position are depicted in the form of dot and this dot offers them a mental image that if they progress 

within the same pace it'd offer an inspiration of what would the tip results of the student be. 

Progress bars (Pb): This shows the students regarding their progress in reaching a goal. 

Punishment (Pu): This GE is employed to award if students commit a blunder or a 

mistake. 
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Levels (Le): The game is partitioned into completely different levels. At the initial stages 

there would be less effort needed to complete it, as the level progresses it becomes tougher for the 

player to complete. 

Challenges (C): This might offer the user a challenge that they ought to complete it. On 

finishing the challenge, the user would be rewarded. Every level will have one or additional range 

of challenges. 

Feedback (F): Feedback helps in avoiding students obtaining lost or confused. The 

frequency of these GEs appeared is shown in the below figure. 

 

Figure 12: Most Used GEs in Computer Science Education 

Whereas the empirical evidence for the benefit of using GEs which answers the second 

research question is given below [56]: 
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Table 3: Empirical Evidence of Usefulness of Game Elements in CS Education 

ID Student Learning Focus GEs Results of the Study 

P1 User participation, student 

engagement, and student 

achievements. 

Pt, L There was a positive impact on learning effectiveness. When the 

gamification elements were omitted from the application, there was 

decline in student achievements, decrease in user participation and user 

engagement. 

P2 Participation of software 

development teams in 

knowledge construction 

processes. 

Pt, B The results evidenced an improvement in three areas: participation, 

collaboration and contribution). It was observed that each team member 

took an interest in each of the activities. The results showed 100% 

achievement in participation. 

P3 Teaching introductory 

programming through game 

design to improve 

engagement, motivation, and 

learning. 

Pt, Pu The student interviews and observations provided strong evidence that 

Game2Learn could be successful at enhancing student engagement and 

motivation. The results were positive only when students understood the 

game design concepts. Conversely, the performance was poor when 

students attempted tasks without reading the instructions. 

P4 Students use of tools when 

gamification elements are 

included in the tools 

Pt, Lb The results indicate an increase in the points earned by the group where 

the students can compare themselves with others. 

P5 Effect of gamification on 

students in terms of grades, 

engagement, and motivation 

Pt, B, Lb, 

L, C 

There was increase in the lecture downloads from 1.5 to 3 times. 

Compared to non-gamified years, the number of posts per student grew 

significantly 4 to 6 times on the first gamified year and 6 to 10 times in 

second gamified year. They also observed higher minimum grades during 

gamified years. 

P6 Do social gamification 

elements amplify possible 

positive effects 

Pt, B, Lb, 

A 

Using game and social conditions resulted in higher average retention 

periods. Students in the game and social conditions group had higher test 

scores than students in control group. 

P7 Usage patterns for online 

learning systems when using 

gamification elements 

Pt, B, Lb When the gamification is used, users spent more time and completed more 

exercises. The total time that the student spent was significantly smaller 

when gamification was turned off. 

P8 The contexts of gamification, 

dependent variables, and 

independent variables 

outcomes from gamification. 

Pt, B, Lb, 

S, V, L, C, 

F 

The major finding of the paper is that most of the gamification elements 

acted as motivational affordances, but reward points, leaderboards and 

badges were the most influential game design elements. 

P9 TrAcademic was used to 

gamify the practical sessions 

in introductory CS course. 

Pt, Lb There was a 500% increase in the attendance. TA’s strongly agreed that 

the practical sessions were helpful to students. 

 

The answer for the third research question is that the incorporation of the GEs into SEP-

CyLE. Where SEP-CyLE already incorporates top 2 gamification elements which are leaderboard 

and points. From the results badges are the undeniable decision for expansion, as they have shown 
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positive impact on students learning in most of the cases. While it's clear that sure game elements 

like badges, progress bar (and within the context that they have to be used) will facilitate to 

encourage students as such, incorporation of any gamification component to SEP-CyLE would 

want to be through empirical observation tested. Which has been tested by conducting case studies 

which are discussed in the coming sections 

4.3. Learning Objects that are Used in the Studies 

Initially SEP-CyLE had only the learning objects (Los) that focused on testing concepts. 

When we wanted to conducted study to see the impact of learning engagement strategies, the 

instructors of the course suggested that the existing Learning Objects were not enough and not so 

relevant to their syllabus. So, based on the suggestions from the instructors I had developed few 

learning objects and we have used the same LOs in the case studies.  

At the beginning of developing the LOs gathering the information was not tough. There 

was a lot of valuable information via textbooks, papers and internet. So, collecting the information 

was never an issue. But, it was cutting it right down to be simply browse on a webpage for the 

students utilizing them and to not overload students. This writing was done to create the LO 

informative enough and to provide a full understanding of the subject. Students that are accessing 

the location will have any level of understanding or exposure of programming concepts. This had 

to be unbroken in mind, so a novice to somebody with some information will learn something from 

the LO. The last thing was making the LO to be esthetically pleasing for the user. This was 

consummated by making page breaks and adding visuals inside the pages. The first LO that was 

developed was on Debugging. In the year 2016, I attended a workshop conducted by SEP-CyLE 

team called LESSEP 2016, which was the first workshop on Using Learning and Engagement 

Strategies in Software Engineering and Programming Courses, where I learnt how to create LOs. 
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There has been a tremendous support and valuable inputs from my advisor Dr. Gursimran Walia 

and the instructors of the course Alex Radermacher and Dr. Otto Borchert and helped me 

throughout this journey. The template of how an LO looks like is presented in Appendix A. The 

List of LO’s that I have developed are listed below:  

Arrays: This LO provides the basic information on Arrays like declaring and initializing 

an Array like declaring and initializing an Array. 

Advanced Debugging LO: This provides a little in-depth detail like Step into expression, 

Adding Watches and Conditional Breakpoints to the code. 

Debugging LO: This Learning Object provides an idea on different types of errors and 

gain an understanding on the process in which the students can go about debugging them. 

Designing Graphical User Interfaces in NetBeans: This LO provides a summary of 

NetBeans GUI Builder and creating simple GUI programs inside NetBeans. 

Fixing Programming Errors in NetBeans: This LO is focused on identifying and fixing 

diverse kinds of programming errors when using NetBeans IDE. 

Pair Programming LO: This LO provides the details about pair programming, how it is 

conducted and its Pro’s and Con’s. 

SOLID Principles LO: This LO provides the details about the design principles that help 

in making the software more understandable, flexible and maintainable. 

4.4. Study 1: Impact of Collaborative LEs 

The study was designed to analyze the impact of SEP-CyLE on undergraduate student’s 

acquisition of programming concepts in an introductory programming course (CS1) at North 

Dakota State University (NDSU). The study was conducted across the two different sections of 

CS! Taught by same instructor. The experimental group had all the features of SEP-CyLE which 
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include social networking, gamification and team collaboration. Whereas the control group had all 

the features enabled except team collaboration. Which is, the control group excluded the student 

teams and team based virtual points. This has done to isolate the particular impact of team 

collaboration of SEP-CyLE on student performance 

4.4.1. Study 1: Study Goal 

The main goal of the study is to investigate the impact collaborative learning engagement 

strategy of SEP-CyLE on students learning of software programming concepts and their 

performance in an introductory programming course.  

4.4.2. Study 1: Research Questions and Variables 

This section describes the Research Questions (RQ’s) and the variables used in the study. 

Table 4: Study 1 - Variables 

Independent Variables Description 

Team collaboration points These are the virtual points that are received by the students on 

completion of a group task 

Dependent Variables Description 

Virtual Points These are the reward points that are earned by the for performing 

activities within SEP-CyLE 

Total grade This is the course grade received by students at the end of semester, 

based on their performance throughout the course 

Number of LO’s the 

students attempted 

This is the count of number of LOs that each student attempted 

Number of LO’s completed This is the number of LO’s that each student passed with at least 

80% of the questions correctly answered. 

 

RQ: Does the inclusion or exclusion of collaborative learning in SEP-CyLE impact the 

student’s acquisition of programming concepts and performance in introductory programming 

course. 
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4.4.3. Study 1: Participating Subjects 

The case study was conducted in an introductory programming course which had two 

sections. One section had 46 students and the other had 47 students (93 students in total). 35 out 

of 93 students participated in the study.  

4.4.4. Study 1: Study Procedure 

The study procedure had three major steps: 

Step 1 -- PreTest: This was conducted at the beginning of the semester to assess the baseline 

knowledge of students on understanding of programming concepts. 

Step 2 -- Introducing SEP-CyLE: Later to pretest, the students were trained on how to use 

SEP-CyLE. This includes introduction of SEP-CyLE features (viewing tutorials, virtual points, 

taking quizzes, posting and viewing the comment in the course forum).  

Students earn virtual points for successful completion of LO and can earn team based virtual points 

by completing a task as a team.  

Step 3-- Posttest: At the end of the semester, the students are asked to participate in the 

posttest. This instrument uses the same set of questions as of pretest and this helps us to assess 

improvement in student’s knowledge related to software programming concepts. We also 

interviewed the course instructor to gain the insights into the usability of SEP-CyLE and to 

improve future usage. 

4.4.5. Study 1: Data Capture 

Virtual points earned by each student at the end of semester, student activity on SEP-CyLE 

for e.g., time spent on SEP-CyLE for different activities, LOs attempted, LOs passed. These helped 

in finding the correlations between the usefulness of SEP-CyLE features and student course 

performance, i.e., course grades.  
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The main source of data is the pre and post test results, which helped in evaluating the 

improvement in students understanding of programming concepts. Further, to get more 

understanding on their performance on specific programming concepts, the pre/posttest was 

divided into 8 specific programming concepts, which is provided in the below table.  

Table 5: Categories of Questions 

Categories Question Numbers 

Memory Management 1, 2,12 and 15 

Basic Programming Concepts 3,4,8,9 and 22 

Arrays 5,11 

Basic Operators 6 and 21 

Methods 7 

Pointers 10 

OOPs Concepts 13, 14 and 16 

Software Testing Concepts 17, 18, 19 and 20 

 

4.4.6. Study 1: Summary of Results and Analysis 

This section describes the results that have been found in this study.  

4.4.6.1. Pre-Test vs. Post Test Results 

To analyze the impact of SEP-CyLE on student learning, average score of pretest was 

compared against the average score of posttest for control group and experiment group 

respectively. There has been a higher increase in the posttest scores for the control group (this is 

the section that did not included team based virtual points) when compared to the posttest scores 

of experiment group.  A paired t-test has been performed and the results indicated that there is 

statistical significance (p< 0.001) increase for both the groups and this is shown in Figure 14. 
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Figure 13: Average Pre/Post Test Value of Control Group & Experiment Group 

As we described earlier, that we wanted to see the impact of SEP-CyLE on specific 

programming concepts and hence divided the pre/ posttest questions into eight categories. Pre- and 

post - test for each of these eight categories is compared and the results are shown in Figure 15 

below.  

 

Figure 14:Average Pre/Post Test Value for all Programming Concept Categories 

All categories have shown significant improvement (p<0.001) except for the Methods 

category (p- value is 0.023). Based on the instructor feedback, once SEP-CyLE is populated with 

increased Learning Objects and mainly for the concepts that the students continue to be lacking 

during posttest, their insight into programming concepts and utilization of SEP-CyLE is expected 

to increase in future.  
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4.4.6.2. Study 1: Correlation Results Between SEP-CyLE Activity and Course Performance 

We conducted correlation tests which is shown in Table 7, to analyze the relationship 

between the SEP-CyLE metrics (time spent on SEP-CyLE, number of virtual points earned, 

number of LOs completed, and number of LOs attempted) against their course performance (i.e., 

their end of semester grades). Based on the amount of time spent on SEP-CyLE, number of LOs 

attempted (or completed), and virtual points earned, student engagement has been measured. 

Table 6: Correlation Results 

 Control Group Experiment Group 

p-value Pearson 

Correlation 

p-value Pearson 

Correlation 

# of LO’s attempted vs. 

Course performance 

.067  .469 .949 .016 

# of LO’s Completed vs. 

Course performance 

.071 .463 .827 .055 

Virtual points earned vs. 

Course performance 

.157 .371 .164 .333 

Time spent on SEP-CyLE vs. 

Course performance 

.825 .060 .129 .372 

 

Based on the results the students spent significantly more time on SEP-CyLE when 

collaborative learning was disabled which is control group section when in comparison to the 

experiment group. This was incompatible to our expectations. Interestingly, more time spent on 

SEP-CyLE did not had any impact on virtual points (i.e., both groups fared equally well on virtual 

point portions). 

Based on the instructor’s feedback, this could be because of the team had been formed 

randomly, which constrained the engagement and that might have resulted with less team-based 

collaboration within SEP-CyLE. 
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The results from this study indicate effectiveness of usage of SEP-CyLE with gamification 

features to teach programming concepts and methodologies in introductory programming course. 

An interesting result that was found in this study is that the collaboration features did not result in 

a significant difference in the performance of the students exposed to the team collaboration 

features. In addition to that, the collaborative tasks in SEP-CyLE (i.e., team virtual points) did not 

require interaction among team members as long as each member of team completed an LO 

individually. 

4.5. Study 2: Impact of Different Combination of LEs 

The study was designed to analyze the impact of various learning commitment 

methodologies (LEs) (e.g., Social Interaction – SI; Gamification – G; and Collaborative Learning 

– CL) of SEP-CyLE on student learning and understanding of programming concepts and testing 

techniques in an introductory programming course at NDSU. This study has been conducted across 

four different sections (taught by two instructors), where each section had a different experimental 

condition. Section 1 had everything enabled (E); Section 2 had everything except social interaction 

(E-SI); Section 3 had everything except collaborative learning (E-CL); Section 4 had everything 

except gamification (E-G). 

At the end, we have also conducted user survey to get feedback from students on SEP-

CyLE and how it helped them improve their success on assignments or understanding of course 

concepts.  

4.5.1. Study 2: Study Goal 

This study has two goals. The main goal of the study is to investigate the impact of 

combinations of various learning engagement strategies on students’ acquisition of programming 
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concepts and methodologies and the second goal is to evaluate the overall satisfaction of students 

with the features of SEP-CyLE and its usability in the programming course.  

4.5.2. Study 2: Research Question and Variables 

This case study investigated the following research question: 

RQ: Does the various combinations of learning engagement strategies within SEP-CyLE 

impact the student’s acquisition of software programming and testing conceptual knowledge, tools 

and techniques in an introductory computer programming course. 

The independent and dependent variables of this study are provided below: 

Table 7: Dependent and Independent Variables 

Dependent Variables Description 

End of semester grades This is the course grade received by students at the end of 

semester, based on their performance throughout the course 

Independent Variables Description 

Virtual Points These are the reward points that are earned by the for performing 

activities within SEP-CyLE 

Total time spent on SEP-CyLE This is amount of time spent by each student in the whole 

semester 

Number of LO’s the students 

attempted 

This is the count of number of LOs that each student attempted 

Number of LO’s passed This is the number of LO’s that each student passed with at least 

80% of the questions correctly answered. 

 

4.5.3. Study 2: Participating Subjects 

As described in the beginning, this case study was conducted across four sections of an 

introductory programming course (CS1), which is taught by two instructors (each instructor taught 

two sections using the same lecture material, assignments, exams, and schedule). A total of 145 
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students were enrolled across all four sections of the course. 68 out of 145 students elected to 

participate in the study. 

4.5.4. Study 2: Study Procedure 

This study included five main steps:  

Step 1 – Pretest: Before introducing SEP-CyLE to students, at the very beginning of the 

semester a pretest was conducted to assess students' baseline knowledge of programming concepts. 

This pretest consisted of 21 questions.  

Step 2 – Introducing SEP-CyLE: The students were then introduced and trained on how to 

use SEP- CyLE. They were taught how to browse video tutorials and learning objects and track 

their performance, how to change their profile pictures and interact with their peers in the cyber 

learning environment, and how to post to the discussion forums. Each section was trained 

separately depending upon the LEs that were enabled for them. 

Step 3 – Assigning LO's to Students: Every week students were assigned a LO to be 

completed as part of their course. The LO's that are used in this case study are listed (Table 9). 

These LO’s had been previously created by the SEP-CyLE development team or were developed 

by researchers specifically for use in this course. 

Step 4 – Posttest: At the end of the semester, the students were retested on the knowledge 

of their proficiency on software programming and testing concepts, methodologies and tools using 

the posttest instrument which has the same set of questions as that of the pretest instrument. This 

was done for all four sections to understand the influence of different LEs on improvement in their 

conceptual knowledge. 



 

38 

Step 5 – Survey: At the end of the study, students had been asked to fill out a survey to 

evaluate the usability and effectiveness of SEP-CyLE in an introductory programming course. We 

furthermore collected feedback on enhancing SEP-CyLE for future courses. 

Table 8: List of LO's Used in the Study 

LO Name Description Week # 

Introduction to NetBeans An introduction to the NetBeans IDE and some of its basic 

functionality 

1 

Advanced NetBeans A look at some of NetBeans advanced features and functionality 2 

Using Subversion with NetBeans A coverage of basic SVN commands including conflict resolution 3 

Introduction to Equivalence Classes An introduction to the concept of equivalence classes and how they 

relate to unit testing. 

4 

Equivalence Classes An explanation of creating equivalence classes for a Java method 5 

Equivalence Classes for Methods with 

Multiple Parameters. 

An explanation of the process for creating equivalence classes for 

methods with more than one parameter 

6 

Using Debuggers An introduction to using the debugger in NetBeans 7 

White Box Testing An overview of white box testing 8 

Advanced Debugging An overview of advanced techniques for using NetBeans debugger. 9 

LA Array LO A learning object related to arrays. 10 

SOLID Design Principles A learning object related to good software design principles 11 

 

4.5.5. Study 2: Data Capture 

The main data source of this study are the student responses to the pre- and posttest, which 

was described in the above section. This pre/posttest consists of 21 questions and the student would 

get one point for each question answered correctly. Another data source is the survey responses 

from the students. The students responded to the questions using a 5-point Likert scale, where 1 = 
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Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree and 5 = Strongly 

Agree. This Likert scale data has been treated as interval scales. 

Furthermore, SEP-CyLE data was collected SEP-CyLE data for each student in terms of 

number of LO’s attempted, number of LO’s passed, time spent on SEP-CyLE, and number of 

virtual reward points earned. In addition to that, student’s end-of-semester grade to correlate 

against SEP-CyLE metrics. 

4.5.6. Study 2: Summary of Results and Analysis 

In this section, initially the pre- and posttest results were analyzed and later that the 

correlation analysis and survey results are described. 

4.5.6.1. Pre-Test vs. Post Test Results 

A comparison between the average pre- and post-test scores of each section is performed. 

This is to evaluate the impact of different combinations of LEs on-student’s acquisition of software 

programming concepts. 

 

Figure 15: Average Pretest vs Posttest Scores Across all Sections 

Clearly, from the above results (Figure 16), there is an increase from pretest to posttest 

across all the sections. However, there was a highest increase for the section that had collaborative 

learning disabled.  
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This result is similar and consistent with the previous study result (Study 1 result). To put 

in simple words, Gamification and Social interaction played the larger roles in affecting and 

influencing student's engagement and mastering in an introductory computer programming course. 

4.5.6.2. Study 2: Correlation Results between SEP-CyLE Activity and Course Performance 

Second set of results is the correlation results. This correlation evaluated the relationship 

between different variables to evaluate the impact of SEP-CyLE usage metrics on the student’s 

final grade in different sections. 

Table 9: Correlation between SEP-CyLE Usage Metrics vs. Course Grade 

 

 

E E-G [without 

Gamification] 

E-SI [without 

Social Interaction] 

E-CL [without 

Collaboration] 

# of LO’s attempted vs. Course Grade Coeff. = 0.762 

P-value = 0.07 

Coeff. = 0.14 

P-value = 0.55 

Coeff. = 0.306 

P-value = 0.13 

Coeff. = 0.013 

P-value = 0.5 

# of LO’s Passed vs. Course Grade Coeff. = 0.699 

P-value = 0.12 

Coeff. = 0.145 

P-value = 0.55 

Coeff. = 0.303 

P-value = 0.13 

Coeff. = 0.013 

P-value = 0.96 

Time Spent vs. Course Grade Coeff. = 0.78 

P-value = 0.06 

Coeff. = 0.418 

P-value = 0.4 

Coeff. = 0.32 

P-value = 0.113 

Coeff. = -0.24 

P-value = 0.36 

Virtual points earned vs. Course 

Grade 

Coeff. = 0.792 

P-value = 0.06 

Coeff. = 0.5 

P-value = 0.8 

Coeff. = 0.326 

P-value = 0.104 

Coeff. = -0.09 

P-value = 0.73 

 

Table 10 provides the correlation results and the strength between the variables. The main 

result is that, when everything is enables the utilization of SEP- CyLE had a strong positive 

correlation (significant at p-value <0.1) with the course performance. The results indicated that 

promise of using SEP-CyLE with gamification and social interaction LEs provided positive results 

when compared to that of the other combinations. Student comprehension of testing ideas, their 

insight into programming and testing techniques and their expertise of tool usage showed a 

significant improvement when a combination of gamification and social interaction learning 

strategies are enabled in SEP-CyLE. Also, collaborative learning strategy did not have much 

influence on the students which was an unexpected result. 
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4.5.6.3. Study 2: Survey Results 

With regards to student feedback, there was positive feedback of SEP-CyLE when it comes 

to overall satisfaction with the website, its simplicity and clearness of data/information as shown 

in Figure. Students evaluated their reactions on a 5-point Likert scale [1= Strongly Disagree; 2= 

Disagree; 3= Neither Agree nor Disagree; 4= Agree; 5= Strongly Agree]. 

 

Figure 16: Survey Results of Overall Reaction on the Website 

4.6. Study 3: Impact of Combinations of LEs Across Different Institutions 

In addition to the above study, we wanted to see the impact of various combinations of LEs 

across different institutions during different terms of year. So, this study is aimed to evaluate the 

impact of student learning and understanding of programming concepts of various combinations 

of LEs i.e.., Gamification (G), Social Interaction (SI), Collaborative Learning (CL) within SEP-

CyLE at North Dakota State University (NDSU) and Virginia Commonwealth University (VCU). 

All the combinations that have been used across both the institutions over a period of time are 

shown in the below table 11. 
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4.6.1. Study 3: Study Goal 

The primary objective of this study is to evaluate the impact of various combinations of 

LEs of SEP-CyLE on student understanding and learning of programming concepts and testing 

concepts in an introductory programming course. 

4.6.2. Study 3: Research Questions and Variables 

The main objective of the study can be formally stated as a research question as follows: 

RQ: Investigate the impact of different combinations of learning engagement strategies (i.e., CL, 

G, and SI) used in SEP-CyLE on student’s understanding and learning of programming concepts 

in an introductory programming course at multiple institutions. 

The independent and dependent variables of the study are provided in the below table 11. 

Table 10: Study 3 Independent and Dependent Variables 

Independent Variables Description 

Virtual Points (VP) These are the reward points earned by the student for the completion of tasks in 

SEP-CyLE 

# of LOs assigned These are the # of LOs that were assigned by instructors at each site and for each 

section. 

# of LOs attempted (LOA) These are the # of LOs attempted by student from the list of assigned LO’s 

# of LOs Completed (LOC) # of LOs student passed with at least 80% of the questions correctly answered. 

Dependent Variables Description 

Pre/Post-test Score Each test consisted of 21 questions and the students would earn one point for each 

question correctly answered 

Higher-level Programming 

Concepts 

The pre-/ posttest is divided into 8 programming concepts and we measured 

students’ understanding of 8 high-level programming concepts (i.e., memory 

management, conditional statements, basic operators, methods, arrays, loops, 

OOP, software testing).  

Course Grade (CG) Final grade achieved by the student at the end of semester 

Assignment Grade (AG) Average of the assignment scores (in terms of percentage out of 100) for each of 

the subjects during the semester. 

Exam Grade (EG) Average of exam grades scored by the students in a semester. 
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4.6.3. Study 3: Participating Subjects 

A total of 209 students participated in this study from both the universities. These subjects 

are divided as sections of CS1 at two universities. Each section utilized SEP-CyLE with different 

combination of LESs (3 or 2 or 1 or none). A summary of the intervention groups and subjects are 

provided in Table 12.  

Table 11: Participation Subjects 

# of 

LESs 

Groups Site Year/Semester # of 

subjects 

3 G+SI+C 

  

G+SI+C 

NDSU Fall’2017 and 

Spring 18 

14 

VCU Fall 2017 36 

2 G+SI NDSU Fall 2017 16 

G+CL NDSU Fall 2017 26 

SI + CL NDSU Fall 2017 19 

1 G VCU Spring 2018 29 

SI VCU Spring 2018 32 

CL NA NA NA 

0 None - SEP-CyLE with no LESs enabled VCU Fall 2017 29 

 

4.6.4. Study 3: Study Procedure 

Step 1 -- Pretest:  At the beginning of the semester, a pretest was conducted to establish a 

baseline regarding the student’s understanding of software programming concepts. The test 

consisted of 21 questions that assessed knowledge of students on various programming concepts 

like arrays, pointers, software testing, memory management, etc., 

Step 2 -- Introducing SEP-CyLE to students: The students were shown how to use SEP-

CyLE including how to peruse video tutorials and learning content, how can they track their 
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progress, how to change their profile pictures, interact with their peers in the cyber learning 

environment, and how to post to the discussion forums. Each section of university site was trained 

separately depending upon the LEs that have been enabled to them. 

Step 3 -- post-test: Toward the end of the semester, the students were re-tested on the 

knowledge of their proficiency on software programming and testing concepts.  The post-test 

contained the same set of questions as of the pretest. This was done across all the sites to 

understand the impact of different combinations of LEs on improvement in their conceptual 

knowledge. We additionally assessed the student’s course grade, assignment grades, and exam 

grades to comprehend the effect SEP-CyLE had on their course performance. 

4.6.5. Study 2: Data Capture 

The primary data source of data are the responses from students for pre-posttest data. We 

also assessed the relationship between the student’s course grade, assignment grades, and exam 

grades to comprehend the effect SEP-CyLE had on their course performance. 

4.6.6. Study 3: Summary of Results and Analysis 

This section provides the details of the results that are analyzed and how these learning 

engagement strategies impacted student learning and understanding of programming concepts. 

4.6.6.1. Pretest vs. Posttest Results 

First, we calculated the average pre- and posttest results and Table 13 provides the brief 

details about the findings. 
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Table 12: Average Pre- and Posttest Scores Across All the Sections 

Average Score 3 LESs G+SI CL+SI CL+G SI G None 

# of subjects 50 16 19 26 32 29 29 

Pre-test Scores 8.6 7.81 8.16 8.88 7.03 8.21 8.52 

Post-test 11.56 13 11.57895 10.73077 10.1875 11.13793 10.21 

Improvement +2.96 +5.19 +3.42 +1.85 +3.16 +2.93 +1.69 

Significance (p-

value) 

<0.001 <0.001 <0.001 0.012 <0.001 <0.001 0.036 

 

These results have indicated that all the students have shown improvement in the posttest 

scores indicating that SEP-CyLE had a positive impact on student learning. When observed in 

detail, the sections that had enabled social interaction and gamification together had more impact 

on student learning when compared to that of the other sections with different combinations.  

CL did not appear to add substantially to knowledge gains for students in this study. This 

is apparent all through the study groups. SI or G, when used independently had had comparative 

or higher gains compared contrasted with when CL was added to SI or G. Also, adding CL to 

"G+SI" did not positively affect students’ knowledge gains.  

When we compared the average assessment scores of students of different sections across 

both the universities, the results have also shown that the combination of Gamification and Social 

Interaction had a larger positive effect on student learning when compared to that of the other 

combination. This could be seen in Table 14 below. 
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Table 13: Average Assessment Scores of Students 

 3 LESs G+SI CL+SI CL+G SI G 

# of LO's Assigned 11 11 11 11 11 11 

# of LO's Attempted 4.22 6.13 1 0.85 8.56 8.17 

# of LO's Completed 3.38 4.88 0.32 0.5 5.25 5.34 

Assignment Scores 69.69 81.26 71.55105 61.85269 80.46 80.15 

Exam Scores 78.01 88.04375 86.70947 78.93346 74.81 82.40 

Class Grade 86.72 87.15875 83.62947 79.01885 79.51 84.85 

 

Also, the students in G+SI, G, SI groups tried and subsequently finished (passed with at 

least 80% of questions correctly answered) the most significant number of LOs This may have 

been a result of the accompanying reasons:  

To begin with, for each and every LO completed by students, students are awarded certain 

virtual points (VPs). VP is a gamification element and students just get VPs when "G-

gamification" is empowered. Likewise, there are VPs related with SI (social Interaction) exercises. 

Only groups that have SI empowered will get VPs for those exercises (e.g., profile pic, 

posting/replying to discussion thread).  

Next, students most abundant in VPs also show up in the “leaderboard”, so students are 

motivated (perhaps extrinsically) to be more connected on SEP-CyLE and get greater 

perceivability with their peers. 

4.6.6.2. Study 3: Correlation Results between SEP-CyLE Activity and Course Performance 

The correlation results have provided us the relationship between the SEP-CyLE metrics 

and students’ performance at different levels during the semester. All these results are discussed 

in detail in below: 

Regarding CL+G treatment group, VPs are positively correlated to assignment scores. The 

outcomes demonstrated a significant but weak correlation (r2=0.2 and p= 0.03) between VPs and 
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AS. For G treatment group; VPs, LOA and LOC were all positively and significantly correlated to 

CG and AS.  

VPs - weak correlations with CG (r2=0.16 and p= 0.04); and with AS (r2=0.26 and p= 

0.04) 

LOA - weak correlation with CG (r2=0.17 and p= 0.02); moderate correlation with AS 

(r2=0.40 and p= <0.001) 

LOC - weak correlations with CG (r2=0.28 and p= 0.003) and with ES (r2=0.17 and p= 

0.02); moderate correlation (r2=0.40 and p= 0.001) with AS  

For SI treatment group; VPs, LOA and LOC were all positively correlated to CG 

VPs - weak correlation (r2=0.14 and p= 0.03) with CG;  

LOA - weak correlation (r2=0.11 and p= 0.06) with CG;  

LOC - weak correlation (r2=0.17 and p= 0.02) with CG;  

This shows us that SEP-CyLE had a positive impact on student learning and helped 

students to improve their conceptual knowledge of programming concepts and testing topics. 

In brief, the results have indicated that SEP-CyLE enabled with any learning engagement strategies 

helped students to improve their conceptual knowledge of computer programming. Leaderboards 

had a positive impact indicating that it is a good motivator for students to be more engaged on 

using SEP-CyLE. At the same time, SEP-CyLE with some LEs enabled had a better impact on 

students learning versus SEP-CyLE with no LEs. 

4.7. Study 4: Analyzing Knowledge Deficiencies of Students 

The aim of this study is to analyze the knowledge deficiencies of students enrolled in an 

introductory programming course. For CL+G treatment group, VPs were positively correlated to 
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assignment scores. The results showed a significant but weak correlation (r2=0.2 and p= 0.03) 

between VPs and AS.  

This study has been conducted across 5 different universities across the United States. The 

group of universities includes urban and rural universities, located in 5 different U.S. states, mix 

of undergraduate institutions and PhD granting institutions, as well as minority serving institutions. 

At each site, students were pre-tested on core CS1 principles at the beginning of the course, then 

were introduced to various learning contents with help of the SEP-CyLE cyber learning 

environment, and post-tested at the end of the course using the same instrument that was used 

during the pre-test.  More details of the study are provided in the following sections. 

4.7.1. Study 4: Study Goal: 

The main criteria of the study is to evaluate the knowledge deficiencies of students enrolled 

in an introductory programming courses at different U.S. Institutions. To achieve this objective, 

coordinated studies were planned and executed across five different U.S. Universities that pre-

tested incoming CS1 students and then re-tested graduating CS1 students on their understanding 

of computer programming concepts. To allow the comparison across institutions, the same 

instrument was utilized to assess the student’s comprehension of programming concepts during 

the pre and post-test.  

4.7.2. Study 4: Research Questions 

This study investigated the following four research questions: 

RQ1: What are the knowledge deficiencies of CS1 students at each collaborating 

institution? 

RQ2: Can knowledge deficiencies be generalized across different student groups in CS1? 
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RQ3: How can the results from 1 and 2 be used to guide the expected learning outcomes 

for CS1 students? 

4.7.3. Study 4: Participating Subjects 

There was a total of 505 subjects across all the sites (128 subjects at Virginia 

Commonwealth University, 84 subjects at North Dakota State University, 141 subjects at Miami 

University, 40 subjects at Georgia Southern University and 112 subjects at Florida International 

University).  

4.7.4. Study 4: Study Procedure 

The students were pretested at the beginning of the semester and they were introduced to 

SEP-CyLE. The instructors assigned the list LO’s based on the topics that was taught in that week. 

At the end of the semester, the students were again tested with the help of posttest instrument. This 

instrument had the same set of questions as that of the pretest. 

4.7.5. Study 4: Data Capture  

The main data source of this study was the responses from students for the pre- and post-

test. These instruments consisted of 21 questions each and these are categorized into eight 

categories of programming concepts (for example, arrays, memory management, and software 

testing, etc.).  The instrument was developed in consultation with professors, CS1 instructors and 

STEM researchers (also co-authors) at participating institutions and is available at https://stem-

cyle.cis.fiu.edu/docs/publications/Fall17-Pre-Posttest.pdf.  

The eight categories into which the pre-/posttest is divided below: 

1. Memory Management 

2. For Loops. 

3. Conditional Statements. 
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4. Arrays. 

5. Basic Operators. 

6. Methods. 

7. OOPs Concepts. 

8. Software Testing Concepts. 

4.7.6. Study 4: Evaluation Criteria 

The student’s pre and post tests are assessed to get an idea of their programming knowledge 

at the beginning and their knowledge gains/ deficiencies at the end of the semester. This is 

illustrated with the comparison of question Q1's responses by 111 students as shown in Table 2.  

Table 15 displays the frequency distributions of the different answer options selected by the 

students in pretest vs. posttest. 

Table 14: Contingency Table: Answer Frequencies Computed for Q1 (N = 111): Pretest Vs 

Posttest 

N=111 Posttest Total 

A B C D E 

Pretest A 59 0 6 1 0 66 

B 9 2 1 0 0 12 

C 17 3 4 0 0 24 

D 8 0 0 1 0 9 

E 0 0 0 0 0 0 

Total 93 5 11 2 0 111 

# Correctly answered - Both pre/post tests 
# Correctly answered - Pretest only 

# Correctly answered - Posttest only 
# Incorrectly answered - Both pre/post tests 

We labeled the answers in color based four categories based on the following ways: 1) 

when the questions are answered correctly in both pre and posttest. 2) Questions correctly 
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answered only in pretest, this means that students had prior knowledge on those concepts. From 

the table we could see that 59 out of 111 students chose correct option ‘a’ for Q1 in both pre and 

posttests instruments. Based on these answers, we measured as knowledge deficiency if the student 

was not able to correctly in the posttest, irrespective of what they answered in the pretest. The 

student has knowledge gain, if the student answered correctly that question in their posttest. 

4.7.7. Study 4: Summary of Results and Analysis  

This section provides an overview of the knowledge deficiency study results both in pre- 

and in post-tests.  In this analysis, the categorization of the questions was done using the 

percentages of incorrectly answered questions rather than looking at the percentages of correctly 

answered question.  We did this since our goal was to identify deficiencies in knowledge both at 

the start and again at the end of the CS1 course. 

 

Figure 17: Knowledge Deficiencies Across all the Institutions 

RQ1: What are the knowledge deficiencies of CS1 students at each collaborating 

institution? 

From figure 18, it is evident that performance of students in questions 7, 9,14, 15, 17, 18, 

and 19 depict knowledge deficiencies in the related topics. These topics include Basic operators, 
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For Loops, Methods and software testing concepts. It is visibly evident that all the students across 

different universities have knowledge deficiencies in these areas and they need assistance in these 

topics.  

RQ2: Can knowledge deficiencies be generalized across different student groups in CS1? 

On comparing pre and posttest results, from figure 19, we computed knowledge 

deficiencies and gains across all the universities.  
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Figure 18: Knowledge Gain Vs. Knowledge Deficiency Across all Universities 
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RQ3: How can the results from 1 and 2 be used to guide the expected learning outcomes 

for CS1 students?  

Based on the results from Figure 19, we gathered the questions into six general categories 

of topics covered (Figure 20), as we can see that there are particular questions under various 

classifications that show knowledge deficiency after the completion of course. For example, the 

students across all the universities show a significant knowledge deficiency in three questions of 

five under methods and OOPS concepts. 

 

Figure 19: Knowledge Gain Vs. Knowledge Deficiency Across 5 Universities in Pre-/Post 

Tests Grouped by Concepts 
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In Software Testing concepts, there is not much variation between the height of 

corresponding bars indicating that this area of learning needs more attention. With only a few 

exceptions, when we compare each university’s performance differ from pretest to post-test, that 

change in each KD area was similar for each and every university. Furthermore, the areas that 

offered students problems in one university are very similar to those at the others.  That is, there 

is some internal consistency to this data although the data sizes may be too small to draw statistical 

conclusions.   

Encouraged by these results, we will keep on developing extra learning objects that 

attention on the particular areas of each programming concept that have revealed to be a knowledge 

deficiency. To achieve this, each LO should be separated into subtopics. This specific would 

enable a student to focus an individual concept in an inside before moving further into another 

one. For instance, including more Learning Objects about programming testing ideas that focus on 

single concepts, for example, choosing test data for a conditional statement as a stand-alone LO, 

would enhance student performance on software testing and may have a side effect of improving 

student performance in other area related to understanding program output. 

4.8. Study 5: Impact of LOs on Student Learning 

The primary objective of this study is to analyze and evaluate how the repository and 

availability of digital learning objects affected student learning and comprehension of 

programming concepts.  

This study was conducted across two different sections of introductory computer science 

course taught by different instructors.  
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4.8.1. Study 5: Study Goal 

The basic objective is to analyze the outcomes of student learning when the digital learning 

objects within SEP-CyLE are assigned to students. To assess the results, we used pre/post test 

instruments for this study, which is same across both the sections. The study also looked into the 

satisfaction of students with SEP-CyLE and how the Digital Learning Objects have helped students 

in learning via survey (which was conducted at the end of the semester). 

4.8.2. Study 5: Research Questions 

The study determined the following research question: 

Investigate the effect of availability of digital learning objects included in SEP-CyLE on 

students’ acquisition of software programming and testing conceptual knowledge, tools 

and techniques in an introductory computer programming course. 

4.8.3. Study 5: Participating Subjects 

 The case study was conducted across two different sections of an introductory 

programming course at North Dakota State University, taught by two different instructors. A total 

of 102 students are enrolled across the two sections of the course. Of those students, 26 elected to 

participate in the study. 

4.8.4. Study 5: Study Design  

The case study followed the similar study design as of the previous studies. The students 

are asked to take pretest at the beginning of the semester (consisted of 21 multiple choice 

questions). Following that week, students are introduced to the features of SEP-CyLE and how to 

use SEP-CyLE. Then students are assigned the LO’s based on the group i.e., if it is control group, 

then the LO’s are assigned at the beginning of the semester, experiment group students are assigned 
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LO’s based on the content that was taught in the respective week. A total of 11 LO’s are assigned 

to students in both the sections. During final week, posttest is conducted (which is same as pretest). 

4.8.5. Study 5: Data Collection and Evaluation Criteria  

The key data source is the students’ responses to the pre- and post-tests (as described in 

chapter 3). In addition, the students completed a survey where they responded to questions using 

a 5-point Likert scale, (chapter 3) (data about survey). We also collected SEP-CyLE data for all 

students in terms of the number of LOs attempted, number of LOs passed, and time spent on SEP-

CyLE, and the number of virtual points the student earned. Furthermore, the students’ performance 

will be analyzed in terms of their assignment scores, exam scores and end of semester grades. With 

the help of these data variables, we analyzed the relationship between them.  

The independent and dependent variables of the study are listed below: 

4.8.5.1. Independent Variables 

Number of LO’s attempted: This is computed as the Number of LOs that students attempted 

from the assigned ones in Sep-CyLE. 

Number of LO’s passed: This is computed as the number of LOs completed by students 

with at least 80% questions correctly answered. 

Total time spent on SEP-CyLE: Sum of the total amount of time spent on all the assigned 

LOs. 

Virtual Points earned: For each LO or activity completed, students earn virtual points. 

4.8.5.2. Dependent Variable 

Average assignment scores: Average of all the assignment scores of students. 

Average exam scores: Average of all the exam scores of students. 
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End-of-semester course grades: These are the grades that are assigned to students at the 

end of the semester 

4.8.6. Summary and Analysis of Results 

This section talks about the impact of the digital learning objects within SEP-CyLE on 

student learning. To understand the impact, I conducted paired t-test. The results from the t-test 

showed that there is a significant increase (p<0.01) in the post test scores of students in both the 

sections, shown in Figure 21.  

 

Figure 20: Pre and Post Test Scores of Control Group and Experiment Group 

The highest increase in the post test scores is seen in the experimental section for which 

the LO’s have been assigned on weekly basis.  

In addition to that, to better understand the impact of LOs on individual concept acquisition 

of students, we divided pre-/post test questions into different categories as listed below: 

• Memory Management:  1, 2,11 and 15 

• Basic Programming Concepts: 3,4,7,8,9 and 21 

• Arrays:  4, 5, 10, 11 

• Basic Operators: 6 and 20 

• Methods:  7 

• Pointers:  10 

• OOPs Concepts:  12, 13, 14 and 15 
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• Software Testing Concepts:  16, 17, 18, 19 and 20 

 

Figure 21: Mean Pre/Post Test Scores for Different Categories of Programming Concepts 

To analyze these results, we measured the average pre-post test scores across both the 

sections. these results have shown that in both the sections, as shown in figure 22.  

When we closely observe this figure 22, we can see that student’s performance has seen 

improvement in most of the concepts. But then for methods concepts there has been no 

improvement in their posttest scores. This could be because the students are struggling with this 

methods concepts. The study helped us understand that the students belonging to both the sections, 

irrespective of their environments, are having trouble in understanding methods concepts (also can 

be considered as knowledge deficiency).  

To get better understanding of the impact of SEP-CyLE on student learning, we looked 

into the different variables of SEP-CyLE and their relationship with the performance of students 

(Table 15). Table 15 gives Pearson correlation coefficient ‘r’ (strength of correlation) and p-value 

‘p’ (statistical significance) between these independent and dependent variables. The experiment 

group has more grounded positive connection (significant at p-value <0.1). Correspondingly, 

giving additional resource support can certainly contribute to the overall success of students in an 

introductory computer programming course. In view of these outcomes, SEP-CyLE LO’s 

positively wedged students’ performance. 
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Table 15: Relationship between SEP-CyLE Usage Metrics vs. Student Performance 

 

 

Figure 22: Survey Results of Overall Reaction on the Website 

4.8.7.  Study 5: Survey Results   

In respect to student feedback, there was a positive feedback on SEP-CyLE (How students 

felt about the LO’s, usability of SEP-CyLE and overall satisfaction on SEP-CyLE). Students 

recorded their survey responses on a Likert scale [1= Strongly Disagree; 2= Disagree; 3= Neither 

Agree nor Disagree; 4= Agree; 5= Strongly Agree]. These survey responses are shown in Figures 

23 and 24. The majority of the students emphatically concur that SEP-CyLE is pleasant.  

 Control Group Experiment Group 

Vs. Average 

assignment 

scores 

Average exam 

scores 

End-of-semester 

course grades 

Average 

assignment 

scores 

Average 

exam scores 

End-of-semester 

course grades 

# of LOs 

attempted 

r= 0.412 

p =0.101 

r = 0.231 

p =0.371 

r= 0.392 

p =0.119 

r = 0.685 

p =0.06 

r = 0.283, 

p =0.497 

r = 0.645 

p =0.08 

#Los 

passed 

r = 0.412 

p =0.101 

r = 0.231 

p =0.371 

r.= 0.392 

p =0.119 

r = 0.829 

p =0.01 

r = 0.516 

p =0.190 

r = 0.872 

p =0.005 

Time Spent r = 0.275 

p =0.285 

r = -0.192 

p =0.459 

r = 0.157 

p = 0.547 

r = 0.667 

p =0.07 

r = 0.477 

p=0.233 

r = 0.717 

p =0.05 
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Figure 23: Survey Results on Learning Object Related Questions 

Figure 24 results indicate that students are satisfied with the Learning Objects that are 

assigned to them during the semester. They are positive about that the LO’s helped them in 

understanding the programming concepts. 

We also wanted to look into if students are interested in using Learning Objects as their 

learning material. And the survey results indicate that more than half of the students completed 

more than ten Learning Objects during thru their course (Shown in Figure 25). 

 

Figure 24: Number of LOs Completed 

 We likewise requested students to describe how they are motivated to use SEP-CyLE and 

complete all the allotted assignments. Also, asked them if Gamification has impacted their 

behavior towards learning. Figure 26 delineates the overview reactions with respect to 
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gamification features of SEP-CyLE. What's more, there was a most astounding positive reaction 

that the virtual points have helped students to take up the task and finish it.  

This study has provided evident results that SEP-CyLE would provide promising results 

on students with continuous resource support and learning engagement strategies included give 

better outcomes in instructing programming and testing concepts for introductory computer 

programming courses. 

From this study, it was learnt that, a digital LO ought to be assigned after a topic is 

introduced in the class however before in class tests or exams to enhance student performance. 

Overall survey results have shown that students like to work on LOs in groups utilizing SEP-

CyLE. LO enabled student to assess and improve their comprehension before endeavoring 

assignments. 

  

Figure 25: Survey Results on Gamified Feature Related Questions 
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5. DISCUSSION 

All the studies have provided an evidence that learning engagement strategies in a cyber-

learning environment (SEP-CyLE) improved student engagement and learning. Also, it was found 

that using SEP- CyLE in classrooms help motivate students towards their own learning, especially 

in an introductory programming course.  

The systematic literature review results revealed that Gamification had positive impact on 

student learning. Some of the papers revealed that it had constructive outcome on women 

participation in STEM. It was also found that if the learning environment is constructed in the local 

language with all the gamification features, then it will have a more positive impact on learners. 

In addition to these positive outcomes, gamification can also have negative impact on student 

learning, so care needs to be taken when adding gamification in educational learning environments. 

For example, one of the papers reported that one participating student was not happy seeing his/her 

badge in his dashboard. Another paper reported that neither badges nor heat maps influenced the 

behavior of majority of the students.  

Study 1 revealed that introducing team collaboration points in combination with 

gamification features did not result in noteworthy difference in the performance of the students 

exposed the collaboration features. Albeit surprising, this could have been to some extent because 

of the way that virtual groups on SEP-CyLE were arbitrarily chosen and were not same as groups 

that cooperated on course task and activities which may have affected their motivation. Also, the 

collaboration points in SEP-CyLE did not require communication among the group as long as 

individual team members finished an LO independently.  

Study motivated the design and implementation of follow-up studies to investigate the 

impact of learning engagement strategies on student learning across different student groups and 

institutions. A variety of learning engagement strategies combination were analyzed across 
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multiple studies at North Dakota State Universities and across different universities. The results 

from these studies showed that combining gamification with social interaction yields better results 

(in terms of student learning and engagement), when compared to other LESs combinations. We 

also found that SEP-CyLE in any manner helps students improve their conceptual knowledge of 

computer programming. Gamification and Social-Interaction learning engagement strategies are 

more advantageous (when used separately or in combination) when compared against 

Collaborative Learning. Digital LOs helped students’ progress in their assignments and also helped 

at improving their course grades. 

Based on the results from the studies, SEP- CyLE could be extended in other domains and 

settings as well. For example, using SEP-CyLE and its digital learning objects can also help 

identify the order the content should be introduced in CS1/CS2 programming course. This would 

help discover hard topics along with their prerequisites, with the goal that the instructors can make 

sure to teach the prerequisites when students have difficulty in understanding the topics. Learning 

objects that are present in SEP-CyLE would be accessible for this because, all these learning 

objects are individual and digestive chunks of information that can be assigned to students.  

Motivated by the results of the knowledge deficiency study, we are planning to include 

more digital learning objects in SEP-CyLE that will help students at understanding additional 

programming concepts. Also, if needed, we would categorize and breakdown the complexity of 

each LO into smaller modules. This way, it will help students gain better understanding of each 

concept and assess their knowledge at each step. In future, we are planning to conduct in depth 

analysis, which includes to learn the reason why student selected particular option as answer. In a 

way this will analyze the pattern of mistakes of students and can provide them better feedback to 

improve their knowledge and skills.   
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6. CONCLUSION 

This section discusses the major contribution of the work described in this dissertation to 

Computer science and Software Engineering education research and practice. This section also 

enlists the publications that will be the output of this dissertation work. 

6.1. Contribution to Research and Practice 

The main goal of this thesis is to enrich computer science education by deepening our 

understanding of learning engagement strategies: Gamification, Collaborative Learning and Social 

Interaction. 

Matocha et al. [61] asserted that creative teaching methods should be employed in 

computer science education, particularly for non-majors and students in the start of their studies, 

due to the fact that they typically find computer science to be brimming with theoretical, technical, 

or even tedious concepts. Learning engagement strategies provide opportunities to tap the 

motivational power in education. 

This dissertation presents an overview of some learning engagement strategies and 

techniques that can be used to elicit motivation, supported by the results of the studies (described 

in Chapter 3). We believe that if these LEs are successfully used, they can support learning by 

enhancing students’ study practices and motivation to learn.  The results from this work provide 

insight into how to enhance students’ motivation and understanding of programming concepts in 

an introductory programming course. These insights promise the use of SEP-CyLE had a positive 

impact on student learning and could be recommended to other institutions. 

6.2. List of Publications 

This section describes the publications that will result from the work done for this 

dissertation. 
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APPENDIX. DEBUGGING LO 

This Learning Object provides an idea on different types of errors and gain an 

understanding on the process in which the students can go about debugging them. The title of the 

LO is Debugging. This gives practical knowledge of the errors that could occur during writing 

computer programs. The LO is included with a Reference page. Additionally, there is a practical 

and a real quiz to judge the knowledge of students. The general page consists of Name, Subject of 

LO and description of the LO would let the users know what they would be learning about the LO, 

Date created, Authors of the LO and also, they can rate the LO. First page provides the introduction 

to the types of errors and how they could appear in the coding are explained in this page. 
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Figure A.1: 1st page of Debugging LO 

Second page talks about what is debugging and what could be done using the debugger.  
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Figure A.2: 2nd page of the LO 

Page 3 talks about how to start debugging which means where we could find the debugging 

window. If the window closes unexpectedly, how to open the window. This is shown below:  
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Figure A.3: 3rd page of the LO 

Fourth page talks about how the Debugger Console Window looks like.  
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Figure A.4: 4th page of the LO 

Fifth page explains how a user could walk through the code in different ways using Step 

Over, Step Over Expression.  
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Figure A.5: 5th Page of the LO 
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Finally, the last page which is page 6 provides a brief overview of what we was explained 

in the LO.  

 

Figure A.6: Overview of the LO 

Once the content is developed, next comes the hardest part of developing LO which is 

building the quiz part. Each LO that is developed in SEP-CyLE has two components of quiz, which 

are the practice quiz and real quiz which are the next sections of LO. This is the assessment for the 

students to see how well they understood the content of the LO. So, for debugging in the practice 

quiz, there are 10 multiple choice questions along with the correct answers. The main motivation 

of this practice quiz is to get the student ready for the real quiz that will be part of their virtual 

points. The figure below shows the practice quiz questions one through 5 along with the multiple-

choice answers. 
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Figure A.7: Practice Quiz Part-1 

The figure A8 illustrates the multiple-choice questions 6 to 10. This is the continuation of 

the practice quiz from above figure A7.  
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Figure A.8: Practice Quiz Part-2 

The next section of the LO is the real quiz. This quiz also contains 10 multiple choice 

questions which also includes correct answers. The main objective of this quiz is to determine the 

student’s retention of the learned content. Below figure shows the real quiz questions from 1 

through 10. 
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Figure A.9: Real Quiz 
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After the quiz section, we have references section where the author can add the references 

from which all the data has been gathered while creating the learning objective. Final section of 

each LO would be comment section, where the students can comment if they liked the LO or not, 

suggestions from students are accepted in order to improve the quality of an LO. 

 

 

 


