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III Abstract 

1 ABSTRACT 

Programming is a discipline that requires ample amount of time to be dedicated to 

different learning activities to be mastered.  Educators try to find ways to engage 

students and urge them to spend more time in learning and practicing programming. 

At Sudan University (SUST), programming is a fundamental subject to computing 

students which is usually taught during their first year of study, and that will affect 

their entire subsequent studies. The staff teaching programming subject are 

concerned because some students seem to be disengaged. Disengagement leads 

students not to dedicate all the possible time they get in performing programming 

learning related tasks. On the other hand, when students are engaged related research 

states that it is positively correlated with desirable learning outcomes, including: 

general abilities and critical thinking, cognitive development, student satisfaction, 

improved grades and persistence.Timely interference to help and support students 

could affect students’ engagement positively. Hence, personalized learning could 

help in providing detailed help and guidance to different students based on students’ 

details or students’ models. Personalized learning or adaptive systems that rely on 

user model/profile could be designed to meet individual students’ needs. This 

research aims at increasing and evaluating students’ engagement in programming 

learning using technology enhanced learning methods. Three artifacts were produced 

in this work to meet the research objectives: Firstly, the attributes contributing to 

students’ engagement were perceived from three sources: the literature, students’ 

quantitative and qualitative surveys, and from evaluating the usage of the designed 

solution. Secondly, overall technical details of the suggested solution and the design 

decisions were presented as an engaging adaptive model. And the final artifact was 

the design of the adaptive system DrSUST. There were three iterations in developing 

the technical solution. The last objective was to evaluate students’ engagement in the 

designed solution. To monitor students’ engagement while using the adaptive 

system, analyzing web system logs was performed. And hence, the following 

measurements were used to measure users’ engagement: Click-through rates, time 

spent on site or dwell time, frequency of return visits (during single or multiple 

sessions), number of tasks, and reading amount. Adaptive systems differ in their 

implementation based on the aspects of the design that need to be emphasized and 

improved in the system. In this work the emphasis was on increasing students’ 
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engagement while learning programming. This was reflected in the design by 

involving the students early on in the implementation of the solution and studying 

their current situation and the aspects that they needed to be provided to achieve 

better engagement. After running the system for three iterations the attributes that 

were used for modeling the students are: navigation pointer, language, quizzes level 

and exercises level. The activities that were attractive to students were programs 

solutions sharing, questions and comments, simplified summary and quizzes. It was 

realized that students follow different paths when studying. Thus students could be 

categorized based on their learning styles according to the path they follow during 

learning. Some students prefer to continue reading without performing related 

quizzes and exercises and delaying these tasks to the end. While other students finish 

each topic along with the related work before moving to advance topics. 
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يــتقن. المعلمــين يحــاولون  أن إلى المختلفــة الــتعلم لأنشــطة مكرســة لتكــون الوقــت مــن وافــرة كميــة يتطلــب مجــال البرمجــةهي

ـــلاب لإشـــــراك ايجادســـــبل ــــثهم الطــ ــــاء علـــــى وحـ ــودان  جامعـــــة البرمجـــــة. في وممارســـــة تعلـــــم في الوقـــــت مـــــن المزيـــــد قضـ الســـ

)SUST لطــلاب الحاســوب والــتي عــادة مــايتم تدريســها خــلال الســنة الأولى مــن الدراســة،  ةأساســيمــادة )،البرمجــةهي

بعــض الطـلاب يبــدون غـير متجــاوبين مــع والـتي مــن شـأĔا أن تــؤثر علـى دراســتهم كلهـا. اســاتذه مـادة البرمجــة قلقـون لأن 

يـــؤدي إلى ان الطـــلاب لايكرســـون كـــل الوقـــت الممكـــن في اداء النشـــاطات المتعلقـــة بمـــادة  الطـــلاب تجـــاوبالمـــادة. عـــدم 

ـــتعلم الطـــلاب تجـــاوبالبرمجـــة. مـــن ʭحيـــة أخـــرى اشـــارت البحـــوث إلى ارتبـــاط  بصـــورة إيجابيـــة مـــع نـــواتج الـــتعلم  عنـــد ال

التـدخل  المعـرفي، رضـاالطلاب، تحسـين الـدرجات والمثـابرة. القدرات العامـة والتفكـير النقـدي، النمـوالمرغوبة، بمافي ذلك: 

في الوقت المناسـب لمسـاعدة ودعـم الطلبـة قـد يـؤثر علـى تجـاوب اللطـلاب بشـكل إيجـابي. وʪلتـالي، يمكـن لوسـائل الـتعلم 

ة للطلبـــة اســـتنادا إلى وصـــف الطالـــب أو نمـــوذج الشخصـــية أن تســـاهم في تقـــديم المســـاعدة المفصـــلة والتوجيهـــات المختلفـــ

ــة  ــميمها لتلبيــ ــوذج المســــتخدم يمكــــن تصــ ــد علــــى نمــ ــتي تعتمــ الطالــــب. وســــائل الــــتعلم الشخصــــية أو الأنظمــــة التكيفيــــة الــ

ــبر إشــــراك  زʮدة وتقيـــيماحتياجـــات الطـــلاب الفردية.يهـــدف هــــذاالبحث إلى  التجـــاوب في تعلـــم مــــادة البرمجـــة الأوليـــة عـ

حســب معلومــات الطالـب. حيــث يــتم تزويــد  كيفــةبرمجــة الجافــا مـن خــلال اســتخدام نظــام الـدروس الم الطـلاب في مقــرر

الطــلاب بمجموعــة مــن الأنشــطة ذات الصــلة بــتعلم البرمجــة والــتي  تكــون جاذبــة ومفيــدة. عــلاوة علــى ذلــك ســيتم تتبــع 

ر جاذبيـة لــتعلم البرمجـة تجريبيــا.يحتوي اسـتخدام الأنشـطة المختلفــة للطـلاب اثنــاء اسـتخدام النظــام لتحديـد الجانـب الأكثــ

في هذا العمل لتحقيق أهداف البحث: أولا، تم النظر إلى السمات التي تسـهم في مشـاركة  مساهماتوقد تم إنتاج ثلاثة 

ــــادر:  ـــة مصـــ ــــن ثلاثــــ ـــلاب مـــ ــلهالطــــ ــــــات ذات الصـــــ ــــتبياʭت، و الدراسـ ـــيم  الاســـ ــــن تقيــــ ـــلاب، ومـــ ـــة للطــــ ــــــة والنوعيــــ الكميـ

ذب. اتم عــرض التفاصــيل الفنيــة الشــاملة للحــل المقــترح وقــرارات التصــميم كنمــوذج تكيفــي جــ . ʬنيــا،يةالنظاماســتخدام

. كانت هناك ثلاثة تكرارات في تطوير الحل التقـني. )DrSUST(لتكيف قابل ل تصميم نظامنتج الأخير هو وكان الم

الطلاب في الحـل المصـمم. لمراقبـة مشـاركة الطـلاب أثنـاء اسـتخدام نظـام التكيـف،  تجاوبوكان الهدف الأخير هو تقييم 

المســتخدمين: معــدلات النقــر  تجــاوبوʪلتــالي، تم اســتخدام القياســات التاليــة لقيــاس  .ســجلات النظــاملتم إجــراء تحليــل 
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ــرار الـــزʮرات العائــــد ــور، والوقــــت الــــذي يقضــــيه في الموقـــع أو وقــــت الإقامــــة، وتكــ ة (خــــلال جلســــات فرديــــة أو إلى الظهـ

تعلــم البرمجــة. وقــد  عنــدالطــلاب  تجــاوبفي هــذا العمــل كــان التركيـز علــى زʮدة  .متعـددة)، وعــدد المهــام، ومقــدار القــراءة

انعكس ذلك في التصميم من خلال إشراك الطلاب في وقت مبكر في تنفيذ الحل ودراسة وضعهم الحالي والجوانب التي  

لتحقيــق مشــاركة أفضــل. كانــت هنــاك ثلاثــة تكــرارات في تطــوير هــذا الحــل التقــني. تمــت إضــافة  كــانوا بحاجــة إلى توفيرهــا

  لــثلاث دوراتاســتخدام النظــام تطــوير و  بعــد. الســمات الــتي تمثــل الطــلاب بشــكل متزايــد علــى كــل التكــرارات للنظــام

الاختبــارات, و مســـتوى نمـــاذج للطــلاب هــي: مؤشـــر الملاحــة, اللغــة,  مســـتوى  تمثيــللالـــتي تســتخدم  ســماتكانــت ال

التمارين. وكانت الأنشطة الأكثر جاذبية للطلاب هي تقاسم حلول الـبرامج، الأسـئلة والتعليقـات، الملخصـات المبسـطه 

للمواضـــيع ʪلاضـــافة للاختبارت.وقـــد تبـــين أن الطـــلاب يتبعـــون مســـارات مختلفـــة عنـــد الدراســـة. وʪلتـــالي يمكـــن تصـــنيف 

لخاصـة đـم وفقـا للمسـار الـذي يتبعونـه أثنـاء الـتعلم. بعـض الطـلاب يفضـلون مواصـلة الطلاب على أساس أنماط الـتعلم ا

ــة. في حـــين أن الطـــلاب الآخـــرين  ــارات ذات الصـــلة والتمـــارين وϦخـــير هـــذه المهـــام حـــتى النهايـ القـــراءة دون أداء الاختبـ

 .ةالانتهاء من كل موضوع طويل مع العمل ذات الصلة قبل الانتقال إلى المواضيع المتقدم
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2 CHAPTER ONE: INTRODUCTION 

1.1 Introduction 

Higher education studies require individuals to have abilities in researching and 

qualifying oneself with knowledge. This requires interest, self-efficacy and discipline 

from students. Students differ in the way they learn and respond to learning 

methodologies and materials presentation styles. Several positive students’ attitudes 

can aid in the process of learning. Some of these attributes fall under the umbrella of 

engagement. Learning different subjects requires a variety of learning methods and 

activities to be performed. Programming has unique characteristics as it is a subject 

that requires skill and higher order thinking in addition to memorizing syntax. 

Students may lack interest in any of the activities needed to learn programming and 

hence face difficulties in learning. 

Programming is a discipline that requires ample amount of time to be dedicated to 

learning activities in order to be mastered.  Educators try to find ways to engage 

students and urge them to spend more time in learning and practicing programming. 

At Sudan University (SUST), staff teaching programming subject are concerned 

because some students seem to be disengaged. Disengagement leads students not to 

dedicate all the possible time they get in performing programming learning related 

tasks. On the other hand when students are engaged related research stated that it is 

positively correlate with desirable learning outcomes.  

In this chapter issues related to programming teaching and learning are introduced 

and students’ characteristic that can have positive effect on learning is presented, 

namely students’ engagement. Some of the issues affecting engagement in 

programming learning that could be handled by personalized tutoring are discussed. 

Also, an alternative technology enhanced learning solutions will be presented. The 

motivations for this work are listed along with the intended research objectives. 

1.2 Programming Teaching and learning 

In a study by Hawi (2010), some of the factors that lead to success or failure were 

identified. The ten causal attributes identified in his work were: learning strategy, lack 

of study, lack of practice, subject difficulty, lack of effort, appropriate teaching 
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method, exam anxiety, cheating, lack of time, and unfair treatment. Learning strategy 

was on the top of the list of Hawi.  

In a work by Robins, an explanation to the phenomenon of introductory 

programming grade distribution was proposed. It has been observed that the grades 

usually have higher than usual low and high grades creating bimodal grade 

distribution. The proposed explanation was called the learning edge momentum 

(LEM) effect (Robins, 2010). The concept states that since there is a tight relation 

between programming structures/concepts, understanding one structure or concept 

will help in progressing while failing to understand a structure or concept will lead to 

difficulty in understanding the following structures or concepts. Understanding a 

topic will increase the comfort level and confidence of the students which affect 

students’ engagement. When the structures of a course are tightly related, this will 

lead to bimodal grade distribution. While independent course structures will result in 

a normal grade distribution. This can also help in understanding the same 

phenomenon occurring in other subjects. From their study, students pointed out that 

in programming the material quickly “builds on itself” and that falling behind is a 

problem as it is difficult to catch up (Robins, 2010).  

It is difficult for many students to use programming languages to write programs for 

solving problems. One of the reasons that causes learning difficulties is the lack of 

problem solving abilities that many students show. Solving problems is not easy to 

learn and novices usually don't know how to create algorithms. Training is required 

in order to help students obtain that skill. In the work by Gomes  and  Mendes, they 

proposed building a tool that helps students practice developing and testing 

algorithms; their tool is named SICAS (Interactive System for Construction of 

Algorithms and its Simulation)(Gomes and Mendes, 2007). 

Ozmen et al. have attempted to determine the reasons of failure of undergraduate 

students in programming courses and the difficulties they encountered. In this regard, 

it has been observed that students’ difficulties were mainly related to programming 

knowledge, programming skills, understanding semantics of the program and 

debugging. Difficulties related to programming knowledge can be listed in the 

following order; syntax, knowing the concepts or principles related to the 

programming language, remembering the functions and its parameters, defining 
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variable and choosing the decision structures and loops that will be used in program. 

In their study, almost all of the students experienced problems in programming 

knowledge, and as a result of this, they had difficulty in syntax. In addition, it was 

found that most of the students had trouble in understanding semantics, debugging 

and programming skills. Programming skills theme refers to students’ ability to 

design solutions to problems in programming and to determine strategy to be 

followed while reviewing his/her programming knowledge. In this study, it was 

observed that students who had considerably higher level of programming success 

also had a higher level of self-efficacy as well. These students mentioned that 

programming is actually an easy process as long as necessary repetitions are made 

and they started with developing algorithm before writing the program. Therefore, 

successful students believe that they can write program codes successfully if they are 

given enough time (Özmen and Altun , 2014).  

Programming is a craft that often demands that learners engage in a significantly 

high level of individual practice and experimentation in order to acquire basic skills. 

However, practice behaviours can be undermined during the early stages of 

instruction. This practice when left unchecked; create cognitive-affective barriers 

that interact with learners’ self-beliefs which will potentially reduce practice. Scott 

and Ghinea seek to ascertain how to design a learning environment that can address 

this issue. They proposed that analytical and adaptable approaches, which might 

include soft scaffolding, on-going detailed informative feedback and a focus on self-

enhancement alongside skill development, can help overcome such barriers (Scott 

and Ghinea, 2013). 

In addition, Rogerson and Scott examined how students’ experiences of learning to 

program are affected by feelings of fear, using a phenomenological approach to elicit 

rich descriptions of personal experiences. During the analysis of the data, six main 

themes emerged regarding the students’ experience of learning programming. For 

their study, the word “fear” is regarded as a descriptor for denoting a lack of interest 

in programming as a discipline, lack of confidence or hesitation regarding their 

ability to code or program. This fear affects other aspects related to their studies, 

such as self-confidence, time management, and problem solving skills. For those 

students, there is a critical need for intervention, and some suggestions have been 
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made. For example, formal, one-on-one consultations with the lecturer at strategic 

intervals may help students to overcome their fears sooner and, as a result, increase 

their comfort and enjoyment levels. The aim is to allow the students to reach their 

full potential without fear (Rogerson and Scott, 2010). 

1.3 Students’ Engagement 

Student engagement can be interpreted in different ways and there was effort made to 

set a definition by several authors. In a review by (Trowler, 2010) the author tried to 

define what is meant by the term engagement in educational survey and he listed a 

group of students types and their way of engaging. There is a robust correlation 

between student involvement in a subset of ‘educationally purposive activities’, and 

positive outcomes of student success and development, including satisfaction, 

persistence, academic achievement and social engagement. The following definition 

of engagement was proposed by Trowler from his understanding of the reviewed 

research:  

“Student engagement is concerned with the interaction between the time, effort and 

other relevant resources invested by both students and their institutions intended to 

optimize the student experience and enhance the learning outcomes and development 

of students and the performance, and reputation of the institution.” 

To improve the process of teaching or education, the way students learn need to be 

inspected and understood. One of the biggest challenges in education is how to keep 

students interested and motivated for the amount of time necessary for learning. 

Educators are researching ways to engage their students.  

1.3.1 Why Engagement? 
For learners, engagement correlates with improvements in specific desirable 

outcomes (Trowler, 2010) including: 

 general abilities and critical thinking  

 cognitive development 

 student satisfaction 
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 improved grades  

 persistence  

Struggling in programming courses can result from low engagement. Better 

achievement can result in the programming courses if engagement level increased. 

Giving choices in the learning materials and providing continuous support can result 

in greater engagement. 

1.4 Adaptive systems to engage students 

 

Protecting students from the negative feelings that could lead to disengagement is 

possible if there was a good tutor. Tutors should be sensitive to students’ feedback 

and detect the feelings like boredom and frustration from the start and put a plan to 

overcome them. Being sensitive to students’ feedback is possible in small classes but 

unlikely to work in large classes.  

ICT offers countless solutions that can be utilized in education. This range of 

solutions is growing rapidly as more computational power and networking 

bandwidth are made available every day. Even the mobile devices are becoming very 

powerful and programmers can design applications without being limited by the 

different factors such as size, speed, and networking capabilities. It is challenging to 

survive in the development market without a well-designed application that meets the 

demand of users by frequent updates. It is no longer enough for users to face the 

challenges hardcoded in the application, intelligent solutions, and or solutions 

involving other capable users are more likely to last longer and attract more users for 

example applications with sharing, collaborating, and challenging interaction.   

Technology has affected the way people perform activities and provide services. 

There are many possibilities and opportunities that can result when employing 

technology in education. It is about time that students benefit from technological 

advances in learning. A range of technologies support education (e.g. multimedia), 

personalized learning, and more interestingly there are some technologies that aim at 

reducing the load on educators (i.e. personalized learning using technology). The use 

of personalized learning has several advantages for students such as having support 
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outside the usual working hours and visiting the materials as many times as needed. 

Extending the tutoring hours beyond the class hours will enable the students to 

understand different topics better and also it will consider students with different 

learning speed. 

Adaptive could refer to personalization or sensitivity to users’ information. Systems 

that implement adaptivity in their work generally rely on users’ attributes (model or 

user profile) to arrange or display the contents (Brusilovsky and Millán, 2007) 

The research in personalized learning using technology (adaptive systems and 

Intelligent Tutoring System) agrees generally that there are three main components 

involved, namely (Sottilare et al., 2013):  

 Domain model - information that represents the knowledge in the system. 

 Pedagogical model - handles the actual “tutoring” aspects of the system, and 

do adaptive selection of the materials to be presented to students. 

 Student or learner model - used to determine the student’s progress. 

Sometimes the communication interface is also considered as a fourth component. 

1.5 Motivation 

In this research, the author has taught programming in higher education for 

many years. Frustration was observed among some of the students who feel 

left behind which will affect their entire study.  In addition to that, trials to 

increase students’ engagement were studied and it was observed that the 

existing solutions were not meeting all the of SUST students’ needs.  Mainly 

there are two motivations for this work: 

1. Struggling in programming courses can result from low engagement.  

2. Engagement level can be influenced by manipulating students’ 

engagement attributes.  
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1.6 Objectives 

This research is trying to find out: 

– What are the attributes of students’ disengagement in learning 

programming at SUST?  

– How can adaptive tutoring systems increase students’ engagement? 

– How can students’ engagement be measured?  

1.7 Conclusion 

Issues related to programming teaching and learning were investigated. From the 

literature, it is found that this is an active area of research as programming represents 

a skill that has challenges for novice learners and that requires critical thinking. Since 

programming skill need to be developed through intensive practice, students need to 

allocate time for performing the related learning tasks. Students can allocate time for 

learning if they engage with the subject. This from both literature and experience 

seems to be missing by many of programming learners. Students’ engagement is 

affected by many factors, including timely feedback and scaffolding. 

It is difficult to meet the needs of the increasing number of students by their tutors. 

The aim of this work is to investigate the current technologies for personalized 

learning and to implement a solution for helping novice programming learners. Also 

the research aims to find the attributes for the selected technology that could be 

adjusted to increase students’ engagement in programming learning. 

1.8 Thesis Organization 

The thesis is organized into seven chapters: 

CHAPTER TWO: LITERARTURE REVIEW: Discusses the literature review and it 

is divided into 3 major sections 

Section 1: Presents a review on students’ engagement 

Section 2: Presents Literature on Adaptive and intelligent systems 
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Section 3: Is dedicated to reviewing methods on measuring user 

engagement from systems logs. 

CHAPTER THREE: METHODLOGY: Discusses the research methodology used in 

this work and the overall system framework. 

CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED 

SUPPORT: Presents the results of a survey that tried to find the level of students’ 

engagement and the requirements for designing a more engaging course obtained 

from interviewing the students of introductory programming course. 

CHAPTER FIVE: The Model. 

CHAPTER SIX: Presents the Adaptive System (DrSUST). 

CHAPTER SEVEN: RESULTS and ANALYSIS, shows the system log data results 

and analysis. 

CHAPTER EIGHT:  Presents the conclusion and future work. 
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2.1 Introduction 

In the previous chapter (CHAPTER ONE: INTRODUCTION) the research problems 

and questions were discussed. The research aims to address a real problem and hence 

the nature of this work is multifaceted. Knowledge about both students’ engagement 

in programming learning and the problems they face and also knowledge about the 

up to date technological approaches that could be implemented as a solution need to 

be covered. 

In this chapter the literature in multidisciplinary fields that is required and connected 

to this research is demonstrated. Theliterature needs to cover several aspects. The 

first aspect is about the theoretical background of students’ engagement that is 

required for understanding ways of addressing it later in the implementation. The 

second aspectis to investigate the technologies that can be implemented to help in 

individualized learning.And at last aspect is to find information aboutevaluating the 

students’ interest or engagement on the developed solution. Therefore the literature is 

divided into the following three major literature components: 

Section 2.2 presents the literature of students’ engagement and also shows the current 

challenges faced by educators and specially when teaching programming.  

Section 2.3 presents adaptive systems as a mean of providing personalized learning. 

The section shows various techniques including: recommender navigation systems, 

intelligent tutoring system and adaptive systems. 

The last section 2.4 shows ways of measuring users’ engagement in systems 

generally and users’ engagement when trying to analyze it from the web. The online 

systems have a greater challenge which is the possibility of having huge amount of 

data due to the open access which will limit the choices of the data to be analyzed. 

By studying these different aspects, this would enable decisions to be made regarding 

the research methodology. Attributes and recommendations that are acquired from 

first sections would aid the design of the technological solution. In addition the 

technological review on the second section will emphasize the technology to be 
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adapted in the solution design. And lastly the last review should aid the evaluation of 

the implemented solution. 

 

2.2 Literature Review on Students’ Engagement 

2.2.1 Introduction 

Students’ engagement affects students’ performance in programming learning. Only 

engaged students can allocate time for doing programming related activities. 

Frustration can hinder the process of learning and it can occur when teaching 

methods don’t appeal to students or when students don’t receive timely feedback on 

their programming errors. Several IT solutions exist these days that could help in 

providing a quality learning experience and improve engagement such as education 

management systems, adaptive systems and intelligent tutoring systems (Lowyck, 

2014). 

2.2.2 Factors Affecting Students’ Engagement 

Several factors and attributes are believed to affect engagement and give a good 

indicator of engagement in learning. The following are some factors identified in the 

work of Guenther and Miller (Guentherand Miller, 2011) and the Australasian 

Survey of Student Engagement (AUSSE) (designed to measure student engagement 

in higher education) (AUSSE, 2009) are: 

2.2.2.1 Individual Factors that Contribute to Student Engagement: 

1. Academic Challenge 

2. Perceived Control and Autonomy 

3. Perceptions of a Supportive Environment 

4. Achievement Motivation and Goals 

2.2.2.2 Educational Practices that Contribute to Student Engagement 

1. Active Learning 

2. Enriching Educational Experiences 
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3. Diversity Experiences 

4. Shared-Learning Opportunities 

5. Student-Faculty Interaction 

6. High Expectations  

7. Work Integrated learning 

2.2.2.3 Additional attributes related to students’ engagement 

1. Collaboration 

2. Self-efficacy/ effort 

3. Time availability/extra-curricular activities/ responsibilities 

4. Interest 

5. Support / Scaffolding 

Many of the above factors apply for all types of subjects learning while additional 

issues exist when discussing programming learning such as the availability of 

devices and resources (the ability to practice outside class). 

The levels in which students enjoy programming differ throughout the programming 

course. Initially, almost all students enjoy the concepts when they are first introduced 

to programming.  During the course as new concepts are introduced and students’ 

mastering levels differ significantly, some students feel left behind as noted by 

Rogerson and Scott (2010). Students who are unable to follow the course speed 

might feel frustrated and eventually become disengaged. Interventions can be 

designed to prevent students’ frustration and hence disengagement such as giving 

several opportunities for students to make up for poor and missing assignments. 

An additional factor that is suggested by this research is the purpose of learning the 

programming language that is to say: the feeling of pressure/no pressure. Many of 

the postgraduates who learn programming for their research don’t complain from this 

requirement. In addition, many people learn programming as a matter of interest. 

Why does it seem easier for those individuals, the reason can probably be: firstly; 

nonexistence of exams, secondly; they are mostly achievers (hard workers), thirdly; 

the usage of visualization tools, or because they don’t write code from scratch and 

they just modify existing code in addition to reusing chunks of ready code. 
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In a review of students’ engagement (Trowler , 2010), the following factors were 

identified as the elements that can be influenced to increase students’ engagement. 

The attributes are: 

1. Students 

2. Staff 

3. Local context -  inclusive environment (equality) 

4. Institution’s duty 

5. Educational ideology - learning is influenced by how an individual 

participates in educationally purposeful activities 

6. National policy 

7. Linking the levels 

In programming teaching investigation, the research will only consider the three top 

attributes. To improve the process of teaching or education, studying and 

understanding the way students learn is essential. One of the biggest challenges in 

education is how to keep students interested and engaged for the amount of time 

necessary for learning. Educators are encouraged to research ways to engage their 

students.  

ICT offers countless solutions that can be utilized in education. This range of 

solutions is growing rapidly as more powers and communication bandwidth are made 

available every day.  

One solution is blended learning. Blended learning is a classroom format that 

consists of a mixture of activities, balancing between online and face-to-face 

interaction as well as thoughtful sequencing of academic activities. Two factors 

make blended learning a necessity and a need, namely: The need for time saving 

activities due to students’ overloaded schedule. And the availability/accessibility of 

all types of cutting edge technologies that can be utilized in education. A difficult 

step in adopting this approach is finding a method to incorporate these technologies 

in learning environment; especially when grades are involved (Villanueva, S , 2011). 

When two pedagogical methods - using online tutorials in combination with lectures 

and hands-on exercises- were used in class, positive results were encountered. This 
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practice, particularly worked for motivating and activating the growing number of 

students whose will to learn is low - “minimalist students”-  (Thomsen, 2008). 

2.2.3 Students’ Engagement and Programming Pedagogy 

For learners, engagement correlates with improvements in specific desirable 

outcomes (Trowler , 2010), some of these outcomes are: 

 General abilities and critical thinking. 

 Cognitive development. 

 Student satisfaction. 

 Improved grades. 

 Persistence. 

Some of the factors that can result in disengagement among students as described by 

(Bennedsenet al, 2008) are: 

 The current style of education doesn’t appeal to everyone. 

 Some educators are not sensitive to students’ responses to educational methods in 

class 

 Students don’t do what they must do, but what they want to do. 

 For some students, there will be no satisfaction as their goals and aspirations 

never occur. 

 Students overwhelmed by all they have to do - ‘quality of effort’ 

The computer programming pedagogy research addresses the problem of finding 

effective ways to teach programming. A search for the appropriate pedagogical 

approach to teaching programming has been studied extensively. 

Gomes and Mendes (2007) stated that the following factors need to be considered 

when teaching programming: firstly; programming demands a high abstraction level- 

generalized way of thinking; secondly, programming needs a good level of both 

knowledge and practical problem solving techniques; thirdly, programming requires 

a very practical and intensive study; fourthly; use individualized way of supporting 
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students (i.e. know their errors pattern); in addition to using innovative way of 

teaching programming due to its dynamic nature. 

Several factors were identified by Jenkins (2002) that needs to be adopted to 

successfully teach first programming course. Some of these factors that should be 

changed in order to reduce the perceived difficulty to learn programming are: Firstly; 

the language used should be chosen for pedagogic suitability and no other reasons. 

Secondly; programming should be taught by those who can teach programming. 

Thirdly; the pressure on students should be reduced by eliminating continuous 

assessment. And finally; departments should support students in their programming 

learning adequately since the subject is perceived difficulty. 

Adispute exists on how first programming course should be taught and what are the 

syllabus of the course. Generally there are no fixed guidelines and in addition, 

lecturers are aware that they do not do well on teaching testing and debugging. One 

aspect that makes teaching programming a challenge is that programming is a 

difficult mixture of art and science (difficult to do and more difficult to teach). More 

research, experimentation, assessment, discussion, and debate need to be done to 

discover new methods of teaching programming (Robins et al. , 2003). As with all 

aspects of teaching reflection of new methods should be shared and teaching models 

need to be communicated with others on the field. This can help in optimizing the 

work of instructors and students to increase learning gains and lecturers’ satisfaction. 

Disengaged class is hard to handle by both instructors and students.  

Novices differ from expert on the way they think and hence the way they solve 

problems. For example, they approach programming “line by line” rather than on the 

level of meaningful structures. Novices have problems in allocating enough time for 

code planning and code testing. When novices learn programming, they usually have 

a range of background knowledge and attitude towards programming. One of the 

attitudes that affect their learning is their behaviour towards mistakes/errors. Students 

who get frustrated by errors are likely to quit coding when they are faced by them i.e. 

become stoppers (Robins et al. , 2003). A good pedagogical theory for teaching 

programming should focuses on students’ learning, and effective communication 

between teacher and student. This could be achieved by clearly stating goals and 

keep the students motivated. Keeping students motivated/engaged can be achieved 
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by: firstly, stimulating interest and involvement with the course; secondly, actively 

engaging the student with the materials; and finally, Use appropriate assessment and 

feedback. 

Programming learning requires an intensive level of practice. This nature of 

programming makes students complain from the effort they allocate in the subject 

which can affect their other activities.  

In the work in Alsaggaf (2013), it was suggested that students play active role on the 

learning process by doing practice while attending the theoretical lecture as a 

proactive practice-based learning. This will engage the students and help the learner 

to construct his or her own knowledge of the concepts provided by the instructors. 

Positive feedback was received from students and lecturers about applying a mobile-

based constructivist learning and teaching approach, although there are some 

practical issues for successfully incorporating mobile devices in class.   

Learning to program requires intensive amount of practice. A study by Konecki and 

Marko suggested giving students a large body of code examples. This rich resource 

will give students a good idea about what constitutes a good code and will help them 

in learning by exploring. The reinforcement of theory through practice is achieved by 

interspersing lecture and discussions, presentations with hands-on implementation 

and code exploration exercises (KoneckiandPetrlić, 2014).  

Another research (Nikula et al, 2011) tried to answer three questions related to 

difficulty of programming courses. The first question was about finding out the 

reason for the high failure rate in programming and whether it is due to the subject 

difficulty or the reason is the teaching methods. The answer to this question is still 

undergoing research. This could be attributed partly to the gap mentioned by Don 

Norman (Norman and Draper, 1986) about algorithmic thinking and problem-solving 

skills. This could be solved by making the machine think like humans or make 

humans understand machine coding which is the norm. The second question tried to 

identify and analyze attitudes and habits of programming novices that could affect 

learning. The complexity and novice nature of the subject has been found to affect 

learning. The third question tried to summarize the efforts made to improve success 

rates. A number of researches have been presented in this regards including: 
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increasing motivation and remove demotivation and handling first year students’ 

issues by postponing the course to senior level and using supportive tools like 

visualization. 

2.2.4 Students’ personalities 

Students’ beliefs about their academic level and achievement expectations have 

found to play a major rule in academic performance. Students who believe that they 

are competent, will never give up and will try to understand the materials in a 

number of ways. This character has also been observed in games playing, in which 

players are classified into different categories, namely: killers (killer is someone who 

enjoys the ability to defeat others), achievers (they want to achieve within the context 

of the game, e.g. be leaders), socializers (they enjoy socializing, engage in 

conversations and help other players) and explorers (they aim to see how far they can 

go, explore environment). In many games, the name represents exactly what this 

player does (Kapp, 2012). 

The following table shows the conclusions of two researches that tried to classify the 

students according to the effort they put while programming. 

Table 2-1: Personal problem solving styles 

Students’ first classification 

Hosseini et al.( Hosseiniet al , 2014) 

Students’ second classification 

Perkins et al. ( Perkins et al. , 1986) 

Builders: behave exactly as  expected; 

adding concepts that increase correctness 

Movers: steadily work towards a 

solution  

Massagers: long streaks when they are 

trying to get to the next level of 

correctness  by doing small code changes 

without adding or removing concepts 

Tinkerers: writing a small code and 

making small changes to make it work 

Reducers : behavior opposite to the 

building when students remove concepts 

while maintaining or reducing the 

correctness level (optimization) 

Massagers and Reducers could be 

probably considered as a mixture of 

Perkins’ movers and tinkerers. 

 Stoppers : freeze when facing problems 
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Students’ first classification 

Hosseini et al.( Hosseiniet al , 2014) 

Students’ second classification 

Perkins et al. ( Perkins et al. , 1986) 

Strugglers: These students spend 

considerable amounts of time to pass the 

first correctness test. They do all kinds of 

code changes, but probably have too little 

knowledge to get the code working. 

 

 

 

 

2.3 Literature Review of Adaptive Systems 

2.3.1 Introduction 
Several adaptive systems that rely on user model or user profile to arrange or display 

contents exist (Brusilovsky and Millán,2007) such as: 

 Information retrieval and filtering systems (Recommender systems): uses 

user’s interests in terms of keywords or concepts to find relevant documents 

to users. 

 Intelligent tutoring systems (ITS): aim at providing personalized educational 

activities and individual feedback to users 

 Adaptive Hypermedia (AH) and Adaptive Educational Systems (AES): 

employ the user knowledge models to present materials suitable to the 

student’s various attributes.  

 

2.3.2 Information retrieval and filtering systems 
Vast materials are available online that students can use to study. Sometimes the 

amount of materials exists online might be overwhelming and students can waste time 

going from topic to another (Labaj and Bieliková, 2014). Systems exist that try to 

arrange the retrieval of the contents and try to recommend a learning path to students 

thus: 

 Helping both tutors and students to find learning materials 
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 Reduce the looping or materials revisiting for students and make them 

select the optimal materials that is suitable for the individual learners. 

(Lalmaset al. ,2014) 

 

2.3.3 Recommender systems 

Recommender systems are used to improve the students’ learning experience of the 

vast materials available online about a particular topic. The materials found in 

education could range from texts (explanations) to interactive content such as 

exercises and questions. As the levels of students differ a personalized 

recommendation is desired to select materials that are optimal for the students. The 

purpose of the recommender system is to select items with optimal difficulty that is 

to say difficult enough to keep them occupied to solve it, and not too difficult to 

make them quit. In the work by Labaj and Bieliková (2014), they described a 

learning object recommendation method based on: 

1. Students’ explicit difficulty ratings: ask the students during and after 

exercise/question solving.  

2. Implicit rating: or to predict ratings from users’ actions this second method 

will reduce the disparity in explicit ratings since students’ ratings could be 

affected by other factors besides students’ knowledge. (Labaj and Bieliková, 

2014). 

 

2.3.4 Intelligent Tutoring System 

2.3.4.1 ITS Technologies and Performance Attributes (VanLehn, 2011): 

Several technologies exist for building such systems and each technology can be 

used in a particular context. The Artificial Intelligent approaches used in encoding 

conceptual models are: fuzzy logic, neural networks, genetic programming and any 

of these methods combinations (hybrid approaches). 

It has been reported that tutoring systems in general (human based or automated) 

increase learning outcomes, and the best tutoring is one-to-one tutoring. In addition a 
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good one-to-one human tutor outperforms ITS and the work in (VanLehn, 2011) 

explored the reasons of the performance differences. This work examined several 

hypotheses explaining why human tutoring outperforms computer intelligent 

tutoring. The importance of their survey is that it identifies the attributes for 

successful tutors. Researchers can benefit from it by focusing on fixing the weakness 

of the (ITS). Improving the effective aspects about students learning will certainly 

improve the students learning capabilities when using ITS. The expected reasons for 

the human tutoring system's superiority are summarized in table1 below. 

Table 2-2: Hypothesis explaining the reasons for human tutoring outperformance 

(VanLehn, 2011) 

Claim Claim description Claim Validity 

Detailed 

Diagnostic 

Assessments 

Tutors use information about 

the levels of the individual 

students. And accordingly 

tutors will prepare lessons to 

adapt to the needs of the 

individual students. 

Practically, it doesn’t seem that 

tutors assess their students. And 

even if assessment information 

is presented to them, they don’t 

benefit from it. 

Individualized 

Task Selection 

Tutors can select tasks to suit 

the learning needs of the 

individual students and to cover 

their weaknesses. However, it 

has been suggested that human 

tutors select tasks using a 

curriculum script. 

Curriculum scripts are also used 

by some computer tutors and 

others use even more advanced 

methods. Thus, this hypothesis 

does not explain human tutor 

superiority. 

Sophisticated 

Tutorial 

Strategies 

Studies have shown in several 

areas with tutors having 

different degrees of service 

expertise that it is rare that 

tutors use sophisticated 

strategies 

Using sophisticated tutorial 

strategies does not explain 

performance differences 

between human and computer 

tutors. 

Learner 

Control of 

Human tutors can change topics 

based on discussion with 

Analyses showed that human 

dialogues are not frequent and 
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Claim Claim description Claim Validity 

Dialogues students unlike ITS. In addition, 

students can ask any question 

even outside the current topic. 

thus this doesn’t explain 

performance difference.  

Broader 

Domain 

Knowledge 

Human tutors have broader 

knowledge compared to 

computer tutors as they only 

know information related to the 

tutorials. 

Human tutors don’t tend to 

show their knowledge during 

tutorials. And if they show, it 

doesn’t seem to cause larger 

learning gains. 

Motivation Human tutors praise may urge 

students to engage more and 

thus increases learning. In 

contrast computer’s praise 

doesn’t have effects on 

learning. 

It is not clear exactly what the 

effect of human praise on 

learning.  

Feedback Tutors respond immediately to 

students’ progress. They help 

students if they are stuck and 

encourage them to explain and 

correct their reasoning. 

This hypothesis seems like a 

valid explanation of why human 

tutors outperform computerized 

tutors. 

Scaffolding Helping students by guiding 

them along the same way of 

thinking. Tutors make the 

students find connections and 

solve problems by extending 

their reasoning. 

Scaffolding is an effective 

instructional method that can 

also explain human  

The above table lists different attributes that need to be adopted by human tutors or 

embedded in computer tutors to ensure an efficient way of student learning. It has 

been stated that out of the eight attributes two of them need to be of interest and need 

improvement in computerized tutoring systems namely timely feedback and 

scaffolding. 
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2.3.4.2 Techniques for ITS 

There are two fundamentally different types of instructional (or selection) models for 

intelligent learning systems that is: rule-based and algorithm-based. Some of the 

algorithms used in adaptive learning are: 

- Variations of Bayesian data analysis, which involves the calculation of 

conditional probabilities.  

- Bayesian inference networks (known as Bayes Nets) or slightly simplified 

classification systems called Naïve Bayesian analysis.  

- Knowledge Tracing techniques and Markov Chain analyses. 

- And for adaptive assessment systems uses a method referred to as Item 

Response Theory (Oxman  al., 2014). 

Research involving tutoring systems is an old field, and the work has covered several 

aspects of the intelligent interface which can manipulate natural language for easy 

development of tutors (i.e. Authoring tools). Now even individual schools and 

individual teachers can create adaptive learning using Authoring tools. Some of the 

tools that can be used for authoring tutors are: 

- Cognitive Tutor Authoring Tools (CTAT) from Carnegie Mellon. CTAT 

make it easier to create Cognitive Tutors using two interface flash or Java. If 

much adaptation is needed experts can use Java for building the tutors, which 

is difficult for non-programmers. (ctat.pact.cs.cmu.edu) 

- Generalized Intelligent Framework for Tutoring (GIFT) (gifttutoring.org). 

2.3.4.3 Generalized Intelligent Framework for Tutoring (GIFT) 

GIFT can work as a framework for authoring new ITS components, methods, 

strategies, and whole tutoring systems in addition to other functionalities namely: 

instructional management, and analysis (Goldberg and Hoffman, 2015). 

To adaptively select learning content for users GIFT supports the Engine for Macro 

and Micro-Adaptive Pedagogy (eM2AP) framework as shown in Figure1. State of the 

user is combined with the current quadrant (i.e., rules, examples, recall, and practice) 

to identify the attributes leading to the next quadrant, these attributes are then used to 
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find the best match selected, resulting in the presentation of the associated content to 

the learner. GIFT will maintain a hierarchical representation of the course concepts, 

in which each level in the concept tree is represented by one or more units of 

contents for each node. When each level is covered a quiz must be taken by users to 

check on learning (Sottilareet al., 2013). 

 
Figure 2-1: Macro-Adaptive Strategies in GIFT (Sottilare et al., 2013) 

2.3.4.4 Operational Settings 

Several technologies exist and for selecting a technology the developer has to 

consider the domain the setting and the data available (materials, info about the 

students, and usage data). It is even possible for non-programmers to create tutors 

with the help of tutoring authoring tools. When building a tutoring system, the 

technology selected for developing the system must be selected based on the data 

available at hand. Some methods for building tutoring system require huge data of 

students’ interaction with the system (e.g. Using data mining techniques). If big data 

is not available on hand some assumptions regarding the students and educational 

theories must be employed. 

 Login 
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Assessment 

Course 

Lessons 
Next lesson 

 

Rules Recall Examples 
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Reflection 
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Some of the related area of research tried to identify students’ behavior while 

interacting with the system. Determining the students’ engagement level can help in 

adapting the tasks. For example, if a student is bored by easy tasks presents more 

challenging tasks, if a student felt frustrated by difficult task present easier ones. 

Observing students' engagement can be obtained from analyzing students' features 

(visual and audio) or their keystroke patterns. Since there is a range of solutions for 

the different technological aspects, the challenges is of structural and operational 

nature (Oxman  et al., 2014).  

Researchers are encouraged to propose new ways of integrating technology in 

education and to overcome some of the operational challenges. For example, some of 

the obstacles when using ITS are: how can it be used with regular courses. Can 

certificate be given based on course completion? And since the speed of the students 

differ in these systems what is the implication of finishing the syllabus fast and 

successfully? Will the learner be exempted from taking the formal course? (Oxman  

et al., 2014). 

2.3.4.5 Evaluation Metrics for ITS 

To validate the results of the systems used in education, measurable criteria must be 

obtained. Those are the evaluation metrics for the systems. In the following a list 

containing some of the evaluation metrics used to evaluate ITS (Kristen ,2012): 

- Active engagement  

- Adapting the system to users’ needs 

- Immediate feedback 

- Detailed assessment 

- Mastering concepts and – Levelling up 

- Grades 

- Time spent while using the system 

- The statistics about users’ activities. 

The learner is the center of attention and the system should try to engage the user and 

fulfil his needs. One factor which might be missing in ITS evaluation is the user 

enjoyment. 
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2.3.5 Adaptive Hypermedia Systems 

In an adaptive system, minimal number of components should be displayed to the 

user to avoid overloading the user (cognitive overload) (Baig, 2014). Developing 

Adaptive Systems focuses on two major aspects; namely: 

a) The structure of the system 

b) The content to be displayed 

2.3.5.1 Adaptivity and Adaptability 

Both adaptation and adaptivity are based on the users’ interests and preferences. 

Adaptable interface is about following the choices of the user in regard to the 

appearance of the interface or locating site content based on users’ preferences 

(explicit). To implement an adaptable interface, user choices are remembered and it 

is registered as part of the user model. While adaptivity is the ability of the system to 

recommend to a user educational mediatic object believed to be of her/his interests 

(implicit). Adaptive system records and make choices based on the interaction with 

the interface and monitor selective actions performed by the user and hence use it to 

make recommendations in the future. Adaptivity depends on user’s interests or level 

while adaptability depends on user’s preferences about the location of educational 

objects. The work of (Rodríguez and Ayala, 2012) is proposing the ADA+ALOI 

architecture (Architecture for the Design of Adaptivity + Adaptability of the 

Learning Object Interface) for the design of adaptive and adaptable learning objects 

interfaces. 

Another architecture is (Educational Adaptive Hypermedia Applications (EAHA)) 

that displays personalized content to individual learners and adaptive sequencing 

(navigation) over the learning content based on user model requirements and the 

instructional strategies (Retalis and Papasalouros, 2005).  

2.3.5.2 Users Modelling Attributes 

A common feature of various adaptive Web systems is the application of user models 

(also known as profiles) to adapt the systems’ behavior of individual users. As 

mentioned in 1.4, in order to have adaptive system knowledge about a set of 

information about the user is needed which will help in deciding the appropriate set 
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of actions. According to (Koch, 1998), the following user’s characteristics were 

identified as a leading attributes in modelling users: 

 Knowledge 

 Preferences  

 Navigation abilities 

The paper (Brusilovsky and Millán,2007) reviewed user models and user modelling 

approaches applied in adaptive Web systems. The following key questions were 

investigated: what is being modelled, how it is modelled, and how the models are 

maintained.  

Five main features were found to describe users, specifically:  

1. The user’s knowledge: This is a feature that changes with the time as it can 

increases with learning and decreases by forgetting. This is the most 

important feature for educational systems and it can be the only modelled 

feature in some systems,  

2. Interests,  

3. Goals,  

4. Background (stable features) extracted through interviews or tests.  

5. And individual character represented by user features that define a user as an 

individual. These features are stable and they are extracted through specially-

designed psychological tests. The features that could describe personality are: 

character (active/passive), cognitive style (holistic/ serialist), cognitive 

factors and learning style. Mainly, researchers use cognitive styles and 

learning styles to model an individual character on adaptive systems. 

6. Context of user’s work 

Web-based adaptive educational systems (AES) work mostly by utilizing user 

knowledge and learning goals capitalizing on the modelling and representation 

techniques established in the field of Intelligent Tutoring Systems (ITS). Adaptive 

information systems and Web recommenders focus on modelling the user’s interests 

and extend modelling approaches originally developed for adaptive information 

retrieval systems. 

Meanwhile, adaptive hypermedia systems attempt to represent and employ an even 

wider range of user features. In addition to user knowledge and interests, these 

systems frequently model user goals, individual traits, and the context of user’s 
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work.The following figure represents user features or attributes that are typically 

modelled by different classes of adaptive web systems. 
 

 
Figure 2-2: User features typically modeled by different classes of adaptive web 

systems. Adapted from (Brusilovsky and Millán,2007) 

 

2.3.5.3 Additional aspects used for user modelling (Emotional changes) 

The work of (ZatarainCabada et al., 2015) presents Java Sensei, an Intelligent 

Learning Environment (ILE) for learning Java programming. The ILE is formed by 

an affective tutoring system working in a Web environment. The tutoring system was 

implemented under different learning methodologies like problem-solving for the 

pedagogical model, knowledge space for the expert module, and overlays for the 

student module. The main contribution of this work was the inclusion of emotion in 

the systems to be able to reflect empathy to the student. The following actions of the 

tutor are similar to the emotional response of a human tutor and represent the output 

of the fuzzy logic system: 

 Feedback: Evaluating the students’ academic progress and give a suitable 

description. 

 Empathetic and emotional responses: trying to converse with the students 

after recognizing their emotional state. For example, encouraging them. 

 Facial expression: imitating the human tutor by performing similar human 

expressions. 

 Intervention: The Pedagogical Agent need to decide the need of an 

intervention or not to the student. 
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2.3.5.4 User Knowledge Models for Adaptive Hypermedia and Adaptive 

Educational Systems 

Four types of user knowledge models identified by (Brusilovsky and Millán, 2007)  

are: 

 

1- Scalar is modelling /Stereotype knowledge: Aims to divide users into scalar 

groups, e.g. beginners, intermediate, and expert. It has a limitation since the 

knowledge of the user can vary among different concepts, e.g. beginner in a topic 

and expert in another. Sometimes these systems can do averaging to calculate 

user knowledge. 

2- Overlay modelling: to overcome limitations of scalar modelling, structural 

models is used in which the body of domain knowledge can be divided into 

certain independent fragments. One of the well-known types of structural 

modelling is overlay modelling. Since the overlay model represents the user’s 

knowledge as a (weighted) subset of expert knowledge, the nature of the user 

knowledge reflected in the overlay model depends on the nature of the expert 

knowledge represented in a specific system.  The following graph shows a 

representation of knowledge in as a related concept or topics covering some 

domain. 

 

Figure 2-3: A network domain model with a simple numeric overlay user model. 

Adapted from (Brusilovsky and Millán,2007) 
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“All kinds of links between concepts are used to improve the precision of user 

modelling. When the user demonstrates a lack of knowledge, links can help to locate 

the most likely concepts that will remedy the situation.” 

 

Links between concepts are manipulated as students’ knowledge changes. In 

problems that cover related concepts, if a student shows lack of knowledge the 

source of the problem will be investigated from all the related concepts and a 

concept with fewer connections to the well-known can be identified as a source 

of the problem. A recommendation would be given to strengthen the concept 

with fewer links. On the other hand, if the student shows presence of knowledge 

all the concept and all the related will be updated to reflect the current knowledge 

(knowledge propagation). 

3- Bug models: allow the systems to recognize misconceptions in the users' 

problem-solving knowledge, distinguish it from random slips, such as typos and 

calculation errors, and provide a useful personalized explanation. The goal of a 

system with a bug model is not just to declare that a specific element of domain 

knowledge is incomplete or missing, but to identify, if possible, specific buggy 

knowledge that can be used to provide a higher quality adaptation. 

4- Genetic model: An even richer model that makes it possible to reflect the 

development (genesis) of user knowledge from the simple to the complex and 

from the specific to the general is known as a genetic model. 

 

2.3.5.5 A statechart-based model for hypermedia applications (De Oliveira et al, 

2001) 

The use of statecharts has been proposed in (De Oliveira et al, 2001) for modelling of 

hypertext and web based applications.  

This paper presents a formal definition for HMBS (Hypermedia Model Based on 

Statecharts). HMBS utilizes the structure and execution semantics of statecharts to 

determine both the basic association and the browsing of hypermedia applications. 

Statecharts are an extension of finite-state machines. HMBS can model hierarchy and 

synchronization of information; provision of mechanisms for specifying access 

structures, navigational contexts, access control, multiple tailored versions, and 
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hierarchical views. By analyzing a statechart machine page reachability can be 

detected, valid paths, and other properties. It is therefore helpful in the development 

of structured applications. The following figure shows a sample statechart diagram 

for creating an adaptive hypermedia system. 

 

Figure 2-4: AND/OR statechart tree. Adapted from (De Oliveira et al, 2001) 

By transitioning in a statechart diagram the state of the nodes will change 

(disable/enable) according to your current location in the diagram. As users move 

from one node to another the state will toggle at some nodes as an effect of the 

transition. And thus a new current state configuration is obtained. 

2.3.5.6 Adaptive System Framework and methodologies 

To support the development of AH applications an engineering approach is required 

that considers user modelling and adaptive aspects. This paper presents a 

Methodology for Adaptive Hypermedia Systems Development (AHDM) covering 

the whole life cycle of AH applications. It includes phases for the development of the 

user model, the adaptive interface and the dialogue component responsible for the 

modelling of the user’s behavior. For each analysis and design phase an appropriate 

notation is proposed. 

Their methodology: Adaptive Hypermedia Systems Development (AHDM) is 

composed of the normal software design steps with extra details on the analysis and 

design steps. 

1. Analysis: 
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a) User analysis: The aim of this step is to obtain the information needed 

to build an appropriate user model for the AHS. Therefore, it has to be 

determined how the user's behavior is captured by the system and how 

the user model is to be adapted dynamically to this behavior 

b) Requirement analysis 

c) Strategy planning 

2. Design : In the design steps all the following components need to be decided: 

a) User model design 

b) Conceptual modelling 

c) Navigational design  

d) Abstract interface design 

e) Dialogue modelling  

 

Figure 2-5: Partial representation of user’s model (Koch, 1998) 

These steps of AHDM describe the life cycle of AHS and are performed in a mix of 

incremental, iterative and prototype-based development style.  

The work in (Retalis and Papasalouros, 2005) presents an EAHA that is built using a 

model-driven design process. The adaptive aspect or conditional changes of the 

presentation of the resources in the system are modelled using the attributes: the user 

interaction with the system and the learner type. A framework for authors of 

hypertext applications was used to design of hypermedia applications. The design of 

the application was performed in three stages: conceptual, navigational and 

presentational which are related to adaptation, navigation and presentation. 
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A reusable framework could make developing adaptive hypermedia systems easier. 

Currently there is no standard framework that is acceptable in developing adaptive 

systems and the work by in (Martin and Ivan, 2013 ;Knutovet al. , 2011) tried to 

suggest a standard. 

The steps used in (Martin and Ivan, 2013) aimed to set a standard and to formalize 

the adaptive system architecture. A reusable adaptive web user interface components 

were developed. In the user model part the attributes were divided into user profile 

(page setting preference) and user model (usage data). The information in users' 

models is: e.g. users’ knowledge of the topic, users’ preferences, or their past 

experience.  

Another framework suggested by (Knutovet al., 2011) named Generic Adaptation 

Framework (GAF) which was developed to advice in the process of creating adaptive 

systems. In following figure the evolution of the Hypertext reference models, from 

Hypertext to the new Generic Adaptation Framework (GAF); that contains recent 

advances of adaptive system is shown.  

 

Figure 2-6: From Hypertext (Dexter), through AHAM, to GAF. Adapted from 

(Knutovet al. , 2011) 

Additional attributes/adaptation rules were used in the GAF framework that 

represents  the user, including: behavior, knowledge and interest.  

In the work of (Mezhoudiet al. , 2015) a theoretical framework integrating agile 

practices for UIs runtime context-awareness is presented. The framework outlines a 

flexible life cycle of agile adaptation maintaining six dimensions to identify 

adaptation features; namely: To what? When? How? Why? And where?. 
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One of the features of agile development is that it allows iteration in building 

systems, which is a desirable feature in adaptive systems. Adaptivity is built based on 

user feedbacks from usage of systems that allow evaluation, and update of rules. 

When to adapt: a sensor can obtain information about the user that influences the 

choices of the responses. For example a sensor about the location can make the 

system to guide or give a recommendation to the user to the service he needs (e.g. 

restaurants, car rental agencies, hotels, stations). 

 

Figure 2-7: Agile runtime adaptation lifecycle. Adapted from (Mezhoudiet al. , 

2015) 

  



` 

35 
 

35 CHAPTER TWO: LITERARTURE REVIEW 

2.4 Literature Review on Measuring Users’ Engagement 

2.4.1 Introduction 

User engagement in using a particular system is only applicable to situations in 

which using the software is optional. Many of the criteria mentioned in this section 

will not reflect user desire to use the software when the user is forced to use the 

software in any way. 

Users’ engagement on using systems is one aspect that defines software usability and 

users feeling when using a particular solution. The measurement of user engagement 

can be of many forms (Brown and Howard, 2014) 

1. Sensory measures (invasive and non-invasive): This type of measures has the 

risk of users changing their behavior because of their awareness that they are 

being observed. In addition, when this data is analyzed automatically it can 

be computationally heavy. 

2. Usage analytics: These types of measures are easy to process such as time 

spent on task, navigation, keystrokes, and mouse movements. 

3. Quantitative and qualitative surveys: users’ feedback about their experience 

of using the system. 

2.4.2 Measuring User engagement in web based systems 
Students’ activities from log data could be collected and analyzed to obtain useful 

information about their behavior. Deciding which data to be collected depends on the 

purpose for studying the data. In a study in (Dobashi, K., 2015), in order to obtain 

useful data for class improvement, the researchers collected data from course online 

system regarding the use of the online materials in the weekly class such as date 

,time, student ID number, viewing time, and page view history. 

Another study (Mahajan, R. and Mahajan, V, 2014), analyzed and presented 

attributes of how learners interact with an e-learning site. The attributes aimed to 

measure personal acceptance of e-Learning and the engagement. Namely the 

attributes were: frequency of access, and attributes influencing learners’ satisfaction 

(it increases by interaction with instructors, promote feedback from instructors, and 

ease in seeking clarification). 
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There are several methods for measuring user engagement, including: self-reporting 

methods, physiological approaches and web analytics.  Web analytic is concerned 

with measuring attributes about visiting a web site such as (Lalmasetal. ,2014): 

 Click-through rates 

 Number of page views 

 Time spent on site or dwell time 

 Frequency of return visits (during single or multiple sessions) 

Additional web analytics attributes are (Dupret and Lalmas , 2013) : 

 Time between visits or absence time 

 Number of tasks 

 Reading amount 

In an attempt to improve online distant students’ opportunities, the research in 

(Goldingay and Land , 2014) tried to motivate them to practice the required skills 

before the practicum by modifying the online course contents. Methods that were 

used to increase students’ engagement and to improve the learning process were a 

combination of video-based content delivery and on-going formative peer- and self-

assessment. The resulting effect was measured using web analytics and student 

evaluation survey. Results from web analytics showed that there was a lack of 

change in access to the modified course content. Initially there was greater access 

showing initial interest in this content followed by a similar decline in access of 

course materials. 

After first creating a scale to measure online student engagement, and then surveying 

186 students from six campuses in the Midwest, the results indicate that there is no 

particular activity that will automatically help students to be more engaged in online 

classes. However, the results also suggest that multiple communication channels may 

be related to higher engagement and that student-student and instructor-student 

communication are clearly strongly correlated with higher student engagement with 

the course, in general. Thus, advice for online instructors is not only to use active 

learning but to be sure to incorporate meaningful and multiple ways of interacting 

with students and encouraging/requiring students to interact with each other (Dixson 

, 2012). 
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2.5 Conclusion 

As presented in section 2.2.4 (Educational Practices that Contribute to Student 

Engagement), in order to improve programming learning several factors should be 

considered. In addition, the attitude of both students and staff could be modified to 

result in a higher engagement level. Engagement in learning leads to desirable 

learning outcomes. 

From the literature the following: learning strategy, collaboration, self-efficacy, time 

availability, interest, support, scaffolding, availability of devices and resources and 

comfort level  were identified as the leading attributes that affect engagement in 

programming. A good Human tutor helps in engagement since he can give timely 

feedback that will reduce frustration and help student to understand the topics better. 

Also a good tutor will force students to dedicate time and keep moving, forces 

students to collaborate and find ways that will engage and excite students. 

Unfortunately, one to one tutoring is not feasible in most of the current higher 

education settings. This is fairly applicable for a small number of students. And 

usually in larger class lecturers might not be able to identify students’ knowledge 

gaps since many students are passive and there is no way to converse with each of 

them.  

Research is still needed to find out whether it is the college experience or the 

student’s ability that shapes grades, although there are many studies linking student 

engagement to academic programming requires intensive effort and time to be 

allocated by students in order to understand the content and to be able to solve novice 

problems. This can only be achieved when students are engaged. Maximizing student 

engagement is critical to achieving many of the educational outcomes.  

Several IT solutions exist that could help in proving a quality learning experience 

and improve engagement. Such as: (1) recommender system, (2) adaptive systems 

and (3) intelligent tutoring systems that can help in increasing engagement in 

programming learning. The following list is a desirable outcome of these systems: 

 Virtual one on one tutoring.  

 Make students active. 
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 Converse with each of them. 

 Give timely feedback and help. 

 To force students to dedicate time and keep moving. 

 Help each student to work on their own speed; weak students can revisit 

materials and stronger students get more challenging exercises. 

 Provide a way of practice problems solving on the algorithmic level and allow 

students to test their proposed solution. 

 The system should also help students in recalling statements/language syntax. 

From the range of available technologies for tutoring adaptive tutors are easy to 

implement and it overlay with the research objectives. Personalized contents based 

on students’ attributes will be further investigated in this research. 

As mentioned in chapter one, the objectives of the research is to influence (enhance) 

and monitor students’ engagement for students while learning programming. The 

influencing part will be performed by introducing and affecting students’ attributes 

on different iteration of system implementation. 

To monitor students’ engagement while using the adaptive system, analyzing web 

system logs will be performed. From the literature the following measurements are 

used to measure users’ engagement: Click-through rates, Number of page views, 

Time spent on site or dwell time, Frequency of return visits (during single or multiple 

sessions), Time between visits or absence time, Number of tasks, Reading amount. 

The following chapter (CHAPTER THREE: METHODLOGY) will set the layout of 

the work and provide in details the steps used in finding and refining the techniques 

and the attributes related to students’ engagement in programming learning. The 

research methodology followed in this work is Design based Science Research which 

iteratively finds solution to real world problems. 
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3.1 Introduction 

The research methodology that was followed in this work is design science research 

(DSR), which is discussed in the following sections. DSR is a research framework 

for addressing research that tries to deal with real problems. The problem which is 

addressed in this work is students’ disengagement in programming learning. One of 

the objectives is to find the attributes that affect this problem the most. The steps 

listed in this work are followed from the research methodology; design based science 

research. The technical solution that would be suggested should be up to date 

scientifically and address the problem effectively. 

In this work design science research (DSR) methodology will be followed to achieve 

the objectives. DSR involves working with people to find rigorous IS/ IT solution to 

real problems. In order to follow DSR framework, researchers could follow the listed 

guidelines as presented in section 3.2. In addition, the DSR process has an iterative 

nature in general and the process can be summarized according to the work in 

Vaishnavi and Kuechler (2008) into 5 iterative steps as shown in section 3.3. Also 

DSR steps could be arranged in 3 cycles as seen in section 3.4. 

3.2 Design Science Research (DSR) Guidelines 

In the design-science paradigm, knowledge and reasons of a problem knowledge 

domain and its solution are perceived through construction and practical application 

of the designed artifact. The work in (Hevner, et al. , 2004) presented a framework 

and clear guidelines for understanding, executing, and evaluating the design-science 

research. The seven guidelines for following design science research are as follows: 

3.2.1 Design as an artifact 
 

“Design-science research must produce a viable artifact in the form of a construct, 
a model, a method, or an instantiation.” (Hevner, et al. ,2004) 

 

At Sudan University (SUST), programming is a fundamental subject to computing 

students, which is usually taught during their first year of study, and that will affect 

their entire subsequent studies. Staffs teaching programming subject are concerned 
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because some students seem to be disengaged. Disengagement leads students not to 

dedicate all the possible time they get in performing programming learning related 

tasks. Therefore more research needs to be done to gain insight about ways to 

increase students' engagement in programming courses.  

In this work there are 3 main artifacts: 

a- The construct language (Engagement attributes): This was obtained and 
summarized from (CHAPTER TWO: LITERARTURE REVIEW - Factors 
Affecting Students’ Engagement) and from the results of a survey in 
(CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING 
NEEDED SUPPORT). 

b- The model: shows general guidelines for implementing an engaging adaptive 
system for learning and the model is presented in (CHAPTER FIVE: THE 
MODEL). 

c- The instantiation (DrSust): implementation of the model was performed in 
several iterations as demonstrated in (CHAPTER SIX: DR SUST ). 

3.2.2 Problem Relevance 
 

“The objective of design-science research is to develop technology-based solutions 
to important and relevant business problems.” (Hevner, et al. ,2004) 

 

As shown in 1CHAPTER ONE: INTRODUCTION the problem of disengagement in 

programming learning was addressed and it was shown that struggle with this course 

will causes computer related studies students to face difficulties in the rest of their 

studies. The problem of disengagement is addressed in learning since it is a key 

attributes that affect the learning experience. There is a lack of studies regarding 

engagement in technological solutions. What to integrate to make a technology 

enhanced learning solution better and how to measure students’ engagement while 

using the solution. 

Section 2.2 presents the engagement concept and the attributes that could influence 

it. It also addresses the current challenges faced when teaching and learning 

programming. For that this section represents the first stage of DSR (Literature 

research—part I). 

Prior to finding a proper technical solution to increasing engagement in programming 

learning, the current educational solutions for providing personalized learning that is 
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sensitive to students’ attributes is investigated. In section 2.3 adaptive techniques for 

personalized learning and the different stages in implementing them were reviewed 

(Literature research—part II). The design of the adaptive system that would adhere to 

the finding of CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING 

NEEDED SUPPORT and incorporated the technical aspects from current practices to 

creating personalized learning in the Literature Review of Adaptive Systems and the 

development detail was shown in CHAPTER SIX: DR SUST . The results extracted 

from usage data of the system was listed in CHAPTER SEVEN: RESULTS and 

ANALYSIS. 

3.2.3 Design evaluation 

“The utility, quality, and efficacy of a design artifact must be rigorously 
demonstrated via well-executed evaluation methods.” (Hevner, et al. ,2004) 

 

After developing and running the solution the system is evaluated in (CHAPTER 

EIGHT: CONCLUSION)CHAPTER EIGHT: . Evaluation was achieved by showing 

applicability in practice. The log data of the system usage were further analyzed to 

find the activities that were more engaging for the students. As mentioned in 2.4.2 

the measurement that can indicate users engagement with the system are: Click-

through rates, Number of page views, Time spent on site or dwell time, Frequency of 

return visits (during single or multiple sessions), Time between visits or absence 

time, Number of tasks, Reading amount. In addition, for students as users additional 

attributes are involved: 

 Syllabus completion 

 Questions made 

 Comments made 

 Participation and discussions 

 

3.2.4 Research contributions 

“Effective design-science research must provide clear and verifiable contributions 
in the areas of the design artifact, design foundations, and/or design 

methodologies.” (Hevner, et al. ,2004) 
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The overall purpose of this research is to increase students’ engagement in 

programming learning. The contribution of this research is a deeper understanding of 

the phenomena of engagement in programming learning in the form of the three 

artifacts mentioned in section 3.2.1. One of the artifacts was the development of an 

adaptive system that meets the current students’ needs as a mean of increasing 

students' engagement in programming courses.  

 

3.2.5 Research rigor 

“Design-science research relies upon the application of rigorous methods in both 
the construction and evaluation of the design artifact.” (Hevner, et al. ,2004) 

 
From the literature the following: learning strategy, collaboration, self-efficacy, time 

availability, interest, support, scaffolding, availability of devices and resources and 

comfort level  were identified as the leading attributes that affect engagement in 

programming. A good Human tutor helps in engagement since he can give timely 

feedback that will reduce frustration and help student to understand the topics better. 

Unfortunately, one to one tutoring is not feasible in most of the current higher 

education settings. This is fairly applicable for a small number of students. Research 

is still needed to explore the best ways of engaging students in different subjects and 

the effect of the several solutions on engagement. This work focuses on increasing 

engagement in programming learning; since programming requires intensive effort 

and time to be allocated by students in order to understand the content and to be able 

to solve novice problems. Several IT solutions exist that could help in providing a 

quality learning experience and improving engagement. Such as: (1) recommender 

systems, (2) adaptive systems and (3) intelligent tutoring systems that can help in 

increasing engagement in programming learning. 

Presenting a model and an instantiation for an adaptive system with the focus of 

increasing students’ engagement is presented in this work. The results of analyzing 

usage data from different iterations of the instantiation (DrSUST) will be compared 

to articulate improvement. 
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3.2.6 Design as a search process 

“The search for an effective artifact requires utilizing available means to reach the 
desired ends while satisfying laws in the problem environment.” (Hevner, et al. 

,2004) 
From the literature, it has been noticed that technologies that provides tailored (one 

to one) tutoring can be utilized to meet the needs of students and hence increase 

engagement. Students’ requirements that need to be met and changes in the course 

was perceived from the students’ survey that was presented in (CHAPTER FOUR: 

CASE STUDY - PROGRAMMING LEARNING NEEDED SUPPORT). 

 

3.2.7 Communication of research 

“Design-science research must be presented effectively both to technology-oriented 
as well as management-oriented audiences.” (Hevner, et al. ,2004) 

 

Discussions with colleagues about the usefulness of an engaging application were 

performed. In addition, the research ideas and results were presented at  2 

conferences (Technical (ICCNEEE), 2015 International Conference on (pp. 101-

106)) and educational (SUST first education conference)). The research papers 

produced that describe this work and that were meant to communicate this research 

can be found in appendix B. 

3.2.8 Conclusion 

Section 3.3.1 to section 3.3.7 presented the guidelines for implementing DSR 

framework in the current research and showed how this research adhered to each of 

the seven guidelines ensuring that this research follows an accepted methodology.   

3.3 DSR Process 

A model adapted from the design process model developed by Takeda, et al. (1990) 

is presented in this section. Design process and design science research share the 

different phases, but the activities performed within the phases are considerably 

different. The key difference between the standard design process and the design 
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science research process is the need to focus on knowledge contribution. The 

following figure shows the research process model. (Vaishnavi and Kuechler , 2004) 

 

Figure 3-1: Design Research Iterations(Vaishnavi and Kuechler , 2004) 

 

The following table demonstrates the process steps that were implemented in this 

work. 

Table 3-1: Design Research Process 

Process steps Output 

Awareness of the 
problem 

Proposal: In (CHAPTER ONE: INTRODUCTION), the 
special nature of programming learning (1.2Programming 
Teaching and learning) and the importance of students’ 
engagement in learning (1.3Students’ Engagement and 
2.2Literature Review on Students’ Engagement) were 
introduced. This required the researchers to investigate 
the current trends in using technologies to enhance 
students’ engagement in learning and the details of the 
review were presented in (2.3Literature Review of 
Adaptive Systems). 

Suggestion / Prototypes Quantitative and Qualitative Survey was performed and 
data were gathered from 100 students who studied the 
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introductory programming course. The outcome of the 
survey demonstrated needs and additional attributes that 
need to be considered in the design. Details of the survey 
are presented in CHAPTER FOUR: CASE STUDY - 
PROGRAMMING LEARNING NEEDED SUPPORT. 

Also, preliminary prototypes were presented to the 
students to investigate the applicability of the proposed 
research.  

In chapter 7(section 7.3 DrSUST 0.0: Chatting Sessions 
as a Way of Observing Usefulness of Group Study) 

Development Artifact 

As mentioned in section 3.2.1 (Design as an artifact) 3 
artifacts constitute the contribution of this research, 
namely: 

a- The construct language (Engagement attributes) 
b- The model 
c- The instantiation (DrSust) 

Evaluation Evaluation was split into two parts: 

1. Experiments with the students in the developed 

adaptive system and performance measures were 

used to compare the improvements throughout the 

different iterations in the developed system. 

2. And presenting and discussing quantitative and 

qualitative analysis with some of the users and 

experts. 

Conclusion Requirements were perceived from students’ needs and 

personalized systems survey and several factors that can 

increase engagement were identified. 

In building the system students’ engagement attributes 
were divided to generic attributes which were used as 
guidelines when implementing the system, and attributes 
that are part of the students’ model. 
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3.4 DSR Cycles 

Design science research could be represented using three cycles of activities as 

shown in figure 3-2. 

 

Figure 3-2: Design Science Research Cycles (Hevner, A.R., 2007) 

Details of the above cycles and their implementation in this research are presented 

below: 

a) The relevance cycle: 

Research in design science involves working with people to solve real 

problems and it also work to finding areas and problems in current 

applications. The relevance cycle is the start in DSR as work initiates in an 

application context to obtain the requirements of the research. Also an 

evaluation method for accepting the research results in the desired 

environment should be identified in this step. (Hevner, A.R., 2007) 

In this research, the researcher has been working in teaching programming in 

higher education for many years. Frustration was observed among some of 

the students who feel left behind which will affect their entire study. Details 

of the disengagement problem are presented in CHAPTER ONE: 

INTRODUCTION.  In addition to that, experiences to increase students’ 

engagement were studied via students’ survey were performed and the 

finding showed that the existing IT solutions were not meeting all the of 

SUST students’ needs.  

b) The rigor cycle: 
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The research should adhere to the rigorous research tradition in terms of its 

being innovative and to be linked to the past knowledge to the research 

project. Linking the research to existing research thoroughly and referencing 

the knowledge base would guarantee that the designs produced are research 

contributions and not routine designs based upon the application of well-

known processes. (Hevner, A.R., 2007) 

There are many iterations involved in developing technical solutions when 

following DSR. And hence the research work will develop and refine the 

proposed technical solution in iterations. Additionally, iterations are also 

involved in addressing literature covering several parts of the problem. A 

literature to identify the problem (Literature Review on Students’ 

Engagement) and literature part2 to review the current methods of developing 

technical solutions and the gap that exist in developing the technical solution 

(Literature Review of Adaptive Systems) and ways of measuring engagement 

(Literature Review on Measuring Users’ Engagement). 

c) The central Design Cycle: 

This cycle iterates between the core activities of building and evaluating the 

design artifacts and processes of the research. (Hevner, A.R., 2007) 

CHAPTER FIVE: THE MODEL lays down the broad activities for 

implementing an engaging tutoring solution that, meets students’ needs. And 

the details of this research and the different cycles design cycles are presented 

in CHAPTER SIX: DR SUST . 

 

3.5 Research Ethics 

For all the iterations of the system, using the system was an additional resource for 

the course and it was not a mean to communicate with the specific course tutor. So 

using the system was completely optional and no marks would be awarded as a result 

of any use or submissions in the system. That is to say, the usage of the system and 

the supporting chatting sessions were made optional and no grades were given during 

the communication.  
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In addition, students sometimes feel hesitant to declare that they have technological 

access to online materials and that they can be available online. Because that might 

mean forcing them to allocate more time to the subject. And hence students were 

allowed to use the system anonymously. 

3.6 Research Instruments 

In order to engage students, the researcher had to interview them to identify their 

needs and what is their view about engaging elements in programming teaching and 

learning. A questionnaire was designed to obtain data from senior computing 

students who studied introduction to programming using Java at SUST. 100 senior 

students completed the questionnaire covering a range of possible attributes, details 

of this questionnaire and the results obtained is provided in the coming chapter 

(CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED 

SUPPORT). Attributes related to students’ engagement in programming course that 

were identified by the survey will be utilized in developing instantiation of the 

engaging model.  

3.7 Research objectives 

Implementation of the research steps to meet research objectives were demonstrated 

in the following table. Increasing students’ engagement was performed via 

developing 2 artifacts; a model and an instantiation. 

Table 3-2: Research objectives implementation 

Research Objectives Research Output 

What are the attributes of students’ 

disengagement in learning programming 

at SUST?  

Attributes contributing to students’ 

engagement were obtained from three 

sources: literature (Literature Review on 

Students’ Engagement), students’ 

quantitative and qualitative surveys 

(CHAPTER FOUR: CASE STUDY - 

PROGRAMMING LEARNING 

NEEDED SUPPORT), and from 
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evaluating the usage of the designed 

solution. 

How can adaptive tutoring systems 

increase students’ engagement? 

Chapter five (CHAPTER FIVE: THE 

MODEL) provides technical details of 

the suggested technical solution. 

In chapter six (CHAPTER SIX: DR 

SUST ) the design of the adaptive system 

DrSUST is presented. There were three 

cycles in developing this technical 

solution and in this chapter listed the 

distinctive features of every system’s 

iteration.  

How can students’ engagement be 

measured? 

Chapter seven (CHAPTER SEVEN: 

RESULTS and ANALYSIS) presented 

the evaluation of the students’ 

engagement obtained from each of the 

systems’ iteration and analysis of the 

findings. 

3.8 Conclusion 

In this work, personalized learning in the form of adaptive system will be 

implemented following the design science research process steps shown in Design 

Science Research (DSR). As mentioned in chapter one, the objective of the research 

is to influence (enhance) and evaluate students’ engagement for students while 

learning programming. To monitor students’ engagement while using the adaptive 

system, analyzing web system logs was performed.  

Since the research involves a real problem, current situation needs to be studied in 

addition to covering the literature. The following chapter covers the aspect of 

working with people to identify their view of the current situation. Chapter 4 presents 

finding of students quantitative and qualitative surveys (CHAPTER FOUR: CASE 

STUDY - PROGRAMMING LEARNING NEEDED SUPPORT) from which the 
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findings will be incorporated into the designed solution. Also interventions that 

seems important from their point of view needed to be discovered and implemented. 
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4.1 Introduction 

From the related work documented in chapter 2 (Literature Review on Students’ 

Engagement), it is clear that students needed to be highly engaged and motivated in 

order to achieve richer programming learning experience. As stated by Trowler 

(2010), several stakeholders affect students’ engagement in learning, including 

teachers, resources and most importantly students.  

Chapter one stated the objectives of this research which aims to influence (enhance) 

and monitor students’ engagement for students while learning programming. The 

influencing part will be performed by introducing and affecting students’ attributes 

on different iterations of system implementation. Chapter two presented the literature 

in multidisciplinary fields that is required and connected to this research. The 

literature needs to cover several aspects. The first aspect is about the theoretical 

background of students’ engagement that is required for understanding ways of 

addressing it later in the implementation. The second aspect is to investigate the 

technologies that can be implemented to help in individualized learning. And the last 

aspect is to find information about evaluating the students’ interest or engagement on 

the developed solution. Chapter three (CHAPTER THREE: METHODLOGY) sets 

the layout for the work and provided in details the steps used in finding and refining 

the techniques and the attributes related to students’ engagement in programming 

learning. The research methodology followed in this work is Design based Science 

Research (DSR) which iteratively finds solution to real world problems. In DSR the 

research should produce any or a combination of the following workable artifacts 

(Hevner, et al. ,2004)): 

1- A construct  

2- A model 

3- A method 

4- An instantiation 

The construct language (Engagement attributes): This was obtained and 

summarized from (CHAPTER TWO: LITERARTURE REVIEW - Factors Affecting 

Students’ Engagement) and from the results of a survey in this chapter (CHAPTER 

FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED SUPPORT). 
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This is one of the artifacts that were mentioned in section 3.2.1. The results of this 

survey influenced the model - instantiation 

In this chapter the outcome of the IT senior students’ survey on learning 

programming is presented. From this survey the objective was to find what the 

students’ needs are and how to increase students’ engagement in learning to program. 

The summary of this survey can be used to provide students with a suitable learning 

environment that increases engagement and motivate students to invest more time in 

the programming learning. In the questionnaire senior students were interviewed to 

understand the problems and obstacles they faced when they learned programming 

and to get their suggestion regarding students’ engagement in learning. The expected 

outcome should help educators to provide a supportive learning environment for their 

students.  

4.2 Methodology and Analysis 

Questionnaires were collected from 100 third year students who studied introduction 

to programming in their first year and they also studied additional programming 

courses in their second year. It is worth noticing that the nature of the programming 

subject enforces a greater level of collaboration between learners. Some of the 

questions in the survey were adopted from the Australian Survey of students’ 

engagement in higher education (AUSSE, 2009) while other questions were 

specifically designed for this particular survey regarding programming learning. The 

questionnaire is attached in Appendix A (Appendix A: Students Needs in 

programming learning Survey). 

To guarantee a higher response rate of the questionnaires the students were rewarded 

in a form of printed HCI subject lecture notes for the students responding to the 

survey. The questionnaire was also related to the HCI subject as it gave students an 

idea of designing the questionnaires for data collection and evaluation in addition a 

discussion about how to increase the response rates when performing surveys. 



` 

55 
 

55 CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED SUPPORT 

The following sections are arranged into three parts: firstly, the quantitative survey; 

Secondly, relation between some of the related questions and; Thirdly, The 

qualitative survey. 

4.2.1 Quantitative Questionnaires 

The quantitative questionnaire aimed to find answers about students and their 

characters (active/passive), their relations with staff, their studying habits, their 

collaboration, availability of devices, subject time quality, and their achieved level. 

Responses to questions about the mentioned programming learning attributes were 

collected and the analysis is presented below: 

4.2.1.1 Class Participation 

Students were asked about their participation in class “Do you ask questions or 

contribute to discussions in class or online?”. When students were asked about their 

class participation, 61% responded sometimes. This shows readiness to participate. It 

is a good teaching practice if implemented, but it needs practice and management of 

class. This attribute could reflect students’ engagement, although it is hard to allow 

fair participation in normal classes as noted by Kinzie (2010). It could be replaced by 

quizzes since fast feedback can be given to students.  

4.2.1.2 Teacher Advice 

In responses to a question about seeking advice from academic staff, the responses 

showed a high tendency to seeking advice. If students are seeking advice it means 

that in general they approve the teaching method and that they respect the lecturer. 

Only 16% never approached the lecturers for advice while the rest approached the 

lecturers at different levels. 

In contrast, when students were asked about whether they discussed their grades or 

assignments with teaching staff, the responses were very low. This might show that, 

lecturers should be open to students about giving marks and discussing them so that 

students can work to improve it or maintain it. 55% of the students mentioned that 

they never discussed their marks with the academic staff while 33% reported a low 

discussion rate. There is a need from staff to be transparent in evaluation and 
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marking. Students need to know how to improve their grades and what parts of the 

programming learning activities they should invest time in. 

4.2.1.3 Relation with Staff 

Another question was to investigate the students’ thinking about their staff in respect 

to their readiness to help and interact. The question was “Which of these boxes best 

represent the quality of your relationships with people at your institution?”. The 

student needed to give a range from 1 which indicates that the staffs were 

“Unhelpful, inconsiderate, rigid” to 7 which mean that the staffs were “Helpful, 

considerate, flexible”. The responses were as follows: 

Table 4-1: Relation with the Staff 

 “Unhelpful, 
inconsiderate, rigid” 

========== “Helpful, 
considerate, 
flexible” 

Strength 1 2 3 4 5 6 7 
Frequency 11 26 10 13 5 6 31 
 

The results were contradictory since the students were being taught by the same staff. 

The distribution is bimodal showing a high tendency to both clusters that classify 

staff as helpful and unhelpful. A possible cause for this is that for students to get help 

from staff, they need to have done their part of the work first. Teaching staffs are 

willing to help in filling the gap in knowledge given that students are not pushing 

them to do the work for them. 

4.2.1.4 Timely Completion of Assignments 

In response to the question about students’ readiness when they come to class “Came 

to class having completed readings or solving assignments”, the responses were as 

follows: 
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Figure 4-1: Timely Doing Assignments Response 

Although Programming subject topics are tightly related and the materials build up 

quickly, still students showed that they are not doing their assignments timely. What 

could be the reason that 45% of the students are mostly not prepared for their class? 

Is the reason for the delay being one of the following: 1. The students inability to 

manage their time, 2- Students need pushing and reminders in order to meet 

deadlines, 3. Assignments difficulty, or 4. No devices available for students outside 

university.  

4.2.1.5 Close Follow up 

In a study by Rogerson and Scott (2010), data collected from students described that 

the programming concepts build up quickly and that can cause fear for students. 

When the students were asked whether they kept up to date with your studies, their 

responses were: 

 
Figure 4-2: Subject Follow Up 
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Discussion with the students showed that, at the beginning of programming course, 

all students will be engaged and slowly some students feel frustrated because they 

cannot follow the base or they don’t know how to develop the newly required skills 

like critical thinking and novice problem solving. 

4.2.1.6 Collaboration 

The following question aimed to find if students did some level of collaboration 

during their studies. 

“In your experience at your institution during the current academic year, about how 

often have you worked with other students on projects during class? “ 

The responses to this question were depicted in the following figure: 

 
Figure 4-3: Frequency of Collaboration 

It is realized that none of the students claimed to work alone on this subject and thus 

collaboration is needed to study programming. Frequent collaboration was the choice 

made by the majority of students. 

4.2.1.7 Presenting Tutorials and Helping Colleagues 

While there is a high level of collaboration in learning programming subjects, there 

is another level of interaction, in which students take the rule of the lecturer at times. 

Some students can explain solutions to some problems to their colleagues. It will be 

good to let students take an active role in teaching, and although it is related to 

increasing engagement practice, still there are some concerns about applying it. 
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For students to explain some sections for their colleagues, this is only possible in 

tutorial sessions. The risk is that the lecturer can lose control of the class, if not 

performed carefully it will be dominated by some students. Baccarani (2014) gave a 

suggestion for the cause of students being passive and that is due to the fear of being 

judged or not having something interesting to say. And this is consistent with the 

responses to this question here as only 9% of the students showed readiness to 

explain the programming concepts to their colleagues. 

In courses at the university level when recorded materials are not provided to 

students, students have to make up for missed sessions by working alone or asking 

someone to help with the difficult parts. And since there is no way of revisiting 

lectures some students act as mentors for those who missed classes and students who 

needed revisiting of the explanation. Students also share their own summary of the 

topics with their colleagues.  

4.2.1.8 Availability of Devices Outside University 

Three questions were asked to identify the importance of having computer devices or 

practicing outside university. The questions were as follows: 

a) Do you think it is necessary to practice programming out of university labs? 

1-Yes   2- No (lab time is enough) 

Only 6% of the students thought that the time in university labs is enough for 

students to master the subject. There is a majority agreement that there should be 

devices available for students outside the university and some attributed their 

problems in learning programming to lack of practice. 

b) In the survey students were asked if they could practice Java programming 

outside university. 

5- Yes, I have a personal computer       4- We have shared computer at home      
3- I can use my friends’ computers    2- I used to study with friends having 

computers  
1- No  
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The responses were not as expected, as the number of students who didn’t have 

access to computers outside the university was low. The responses were as follows: 

 
Figure 4-4: Owing Access to a Computer Device 

Only 8% of the students stated that they don’t have access to practicing Java 

programming outside university. 

c) The third question was: “Will it be useful if you could write and test Java 

programs on mobiles?” 

1- No     2- Sort of         3- Useful       4- Necessary 

Surprisingly, some students majoring in computer studies didn’t think that it is 

necessary to have a compiler on smart phones for practicing coding. So the responses 

to the question about the importance of mobile compiler were affected by the 

negative image of smart mobile usage. The results were as follows: 

 
Figure 4-5: Need for a Mobile Java Compiler 

The responses showed that students in general don’t find having a mobile Java 

compiler necessary only (16%) thought it is necessary. A cause for might be due to 
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a) Majority of students have access to computers in general and b) It is more 

convenient to use computers for programming and c) Another reason could be that 

students don’t spend a long time away from computers that could be utilized by 

using mobile compilers. 

4.2.1.9 Programming Learning Frustration with Learning to Program 

Students can only dedicate quality time in learning programming if they are engaged 

and interested in the activities associated with the subject. The following question 

was meant to capture the students’ image about learning the subject. 

How did you find studying the subject? 

1- Boring and easy (7%) 

2- Boring and hard (24%) 

3- Enjoyable and not hard (20%) 

4- Enjoyable and challenging (49%) 

Many students seemed to approve of the way the programming subject is delivered to 

them and are not suggesting any changes on the course setup. This was also reflected 

here as 69% of the students find studying the subject enjoyable. So in the current 

context, many practices seem to have attracted students while there is still some of 

them in need of help (24%). On the other hand, there is a group of students (7%) who 

think that the subject is easy and the time dedicated to it by the university need to be 

reduced.  The last group could be handled by adding challenging bonus questions to 

be attempted by the group who find the given exercises to be easy and boring. 

4.2.1.10 Achieved Level 

The phenomenon of courses that has both high and low levels of success and failure 

rate has been described by Robins (2010). And the cause of this is that the course 

materials are highly related. Students can achieve high levels in the subject if they 

can invest time in productive aspects of the subject learning. The following figure 

displays the marks distribution for the programming subject to the students. A 

student fails the subject if his score was below 45%. 
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Figure 4-6: Achieved Level in Programming Subject 

As depicted in the figure, the subject doesn’t seem to be unique or too bad in the 

mark distribution, then why the fact of programming learning and teaching seem to 

have worried the teaching staff? As a matter of fact, there is a high number of 

excellent grades (29%) of the students achieved a mark over 75. This could be 

justified by the fact that programming is a skill that needs to be learned and mastered 

to a good extent for it to be useful. 

4.2.2 Inspecting Relations between some of the Attributes 

Some of the attributes seem to have an effect on other attributes. In the following 

section some of the interrelated attributes were jointly plotted. 

 
Figure 4-7: Relation between Hard-work and Achieved-level 
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From the figure, the distribution of higher level of hard work correlates with higher 

achieved levels.  

 
Figure 4-8: Relation between Hard-work level and Subject-time-quality 

Students who enjoy the subject seem to be able to work hard in programming subject 

compared to students with low level of enjoyment. 

 
Figure 4-9: Relation between Timely-doing-Assignments and Achieved-Level 

From the figure, it could be realized that the students who achieved a high level of 

students’ good marks matches the group of students who reported turning in 

assignments in a timely manner.  
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Figure 4-10: Relation between Timely-doing-assignments and Subject-time-

quality 

From the figure, there are no students who think the subject is boring in the group 

that always submit assignments on time. While careless behavior seems to be 

distributed among all enjoyment levels. 

4.2.3 Qualitative Questionnaire 

In addition the quantitative questionnaire, free form questions were given to the 

students to a) describe their engagement level and the reasons that make some 

students disengaged and the suggested modifications on the subject teaching to make 

it more engaging, b) The students’ study sources and their sources for getting help, 

and c) The advices that they have for future programming learners based on their 

experience. 

4.2.3.1 Suggests Modification on Subject Teaching 

Students were asked about how to make the subject more engaging. Their 

recommendations vary based on their abilities and level. In some points, conflicting 

opinions were received from students who attended the same course about necessary 

changes in the course contents. 

 It is very essential to have plenty of practice of coding 

 It would be good if there is a mean of running programs/examples during the 

lecture time. 
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 Students propose arranging competitions in coding and developing 

algorithms within their own university's students and other universities. 

 Students believe that it is good to be able to view different ways of solving 

exercises. There should be sharing of solutions that can be seen by the 

students to take advantage of the presence of more than one way to resolve 

the correct software. Also, there should be a vote or discussions about the 

best way of solving programs i.e. a winning program. 

 Some students indicated that they were attracted at the beginning of the 

course, because they could understand the concepts and they could also meet 

deadlines in submitting the practical assignments. As the concepts 

accumulate, students feel that they need more time to solve assignments and 

they start to miss deadlines and lose interest to continue learning.   

 Some of the students did not give an opinion on making the material more 

attractive. This could be due to one of two reasons: 

o The course is good the way it is (the students approve the current 

teaching method) 

o Nothing Can be done to make the learning programming engaging at all 

 Add more practical, meaningful assignments or projects. 

 Don’t give complicated assignments so that students don’t feel unable and 

give up and hence copy solutions. 

 Easy assignments so that students' confidence in their level builds up. 

 Break projects into modules with proper help when needed from tutors. 

 Students mentioned in the quantitative questionnaires that they would like to 

see how a problem can be solved in different ways share and rank solutions 

or programming assignments. 

The following table showed the categories of the responses about the suggested 

modification on the subject: 

Table 4-2: Categories of students’ responses about the suggested modification 

Count The Suggestions 
15 The simplified explanation and the presence of professors who are 

competent and sympathetic and available 
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Count The Suggestions 
11 Allocate more time for teaching programming 
10 Focus on the practical aspect 
6 Give several study sources 
6 The subject is perfect the way it is no need for changes 
5 Do programming contests, games and competitions 
5 Support students to have their own devices 
5 Assignments should have practical usefulness related to student 

environment 
4 Reduce the time required for the material and the number of assignments 
4 Execute examples in the lectures 
4 Suitable syllabus 
3 Increase the fun and challenge and avoid boredom 
3  Study the subject in the lab 
3 Give timely feedback for assignments and put extra effort on them 
2 Do more tests 
2 Tutors should allocate office hours in the lab with the students 
2 The use of attractive presentation medium (make the lectures interesting) 
2 Use flow charts and algorithms for problems discussions 
2 Use simple language to explain preferably Arabic language 
2 Provide recorded lectures 
1 Reduce theory 
1 Update syllabus and cope with market needs 
1 Provide enough time in the computer laboratory 
1 Give assignments with suitable difficulty, so that students don’t feel 

frustrated and copy 
1 Allocate some time to communicate with students online 
1 Give extra optional assignments for the student to make up for missing 

assignments – no frustration 
1 Reduce the load of other subjects in the semester so that students can focus 

on programming 
1 Concentration of effort with weak students in the subject and give optional 

training for those for those who are willing to 

4.2.3.2 The sources for study and help 

In responses to the question about students’ studying resources and the sources of 

tutoring that helped students beside the teaching staff. Their responses showed that 

they benefited to a great extent from colleagues and seniors. Students look for 

several resources about the same topics hoping to find the source that gives a simple 

explanation of the topics. 

Several activities can improve and accelerate programming learning, e.g. practical 

assignments, tutorials, recorded audio and video revisiting materials can be like a 

second chance for students to understand the materials and make up for the wasted 
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time and missed sessions. Interestingly, students might get bored doing the same 

activity for a particular concept several times. So providing a range of resources can 

help students focus and revisit the concept. 

As an alternative method of visualizing textual data, are plotted using word clouds. 

The key words can be seen in this cloud of words in which text size and color 

darkness correspond to word frequencies. The tool used for plotting the figure is 

http://tagcrowd.com. 

 
Figure 4-11: Suggested Modification on Subject Teaching 

In the previous figure just showed the keywords without the desired action that is 

required by the students which is decrease and increase. In the following figure the 

same data is shown again with the desired action + or -. 
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Figure 4-12: Suggested modification on subject teaching with desired action 

attenutated (+ or -) 

It is realized that some of the desired actions were divided into smaller categories, for 

example assignments is divided into (assignments+, assignments-) and theory was 

also divided into (theory+, theory-). This indicates that there is no agreement among 

the students about these actions. 

The tool used for plotting the previous figure is http://worditout.com/. In this figure 

only the size correspond to the frequencies while the color is assigned randomly for 

distinguishing words. 

4.2.3.3 Students’ advices for future students 

Their advices for a future programming course, students were categorized and listed 

in the following table: 

Table 44-3: Categories of students' Advice for novices 

Count Advices from senior to novice programming students 
28 Do plenty of coding and study lots of examples 
13 Timely study and solving exercises 
13 Attend lectures and labs and pay better attention on them 
5 If this subject is mastered then the following years of study will be easier 
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5 Do plenty of search and trying to tackle difficulties 
4 Depend on self-study 
4 Study references 
4 Access to diverse sources 
3  Don’t fear from the subject difficulty 
2 Use the lectures available online 
2 Collaborate with colleagues 
2 Application of useful projects 
2 Have positive qualities such as desire, challenge, ambition, research and 

diligence 
1 Obtain your own device 
1 Improve the English language level 

 

 
Figure 4-13: Figure of top 50 words using http://tagcrowd.com 

One of the questions for the students was about their utilization of the time they had, 

the majority of the students admitted that they wasted time that they could allocate to 

studying. While few mentioned that they were saturated and that the effort they 

allocate to studying programming was satisfactory for them and they couldn’t have 

done more about learning programming. This reflects that there is a room for 

enhancing programming learning, but the choices of activities available for students 

were not engaging.  

4.3 Conclusion 

The current survey shows many defects or possible areas of improvements in 

teaching and learning programming, from the questionnaires it is found that: 



` 

70 
 

70 CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED SUPPORT 

 Students need flexibility when taking a programming course. Flexibility 

means to allow multiple learning path options and providing various range of 

materials and finding an assessment scheme that allow students to make up 

for poor or missing assignments. It will be good practice if students could get 

multiple chances to improve their scores which will give them a reason to 

continue working hard. Frustration can occur when students don’t get timely 

feedback or help when faced with difficulties and students can’t follow the 

materials taught timely and they feel left behind. In addition, some students 

feel frustrated when they are faced with complicated assignments and 

projects that can’t be divided into a smaller problems. 

 The findings emphasize the rule of collaboration among students. Most of the 

students appreciated the timely feedback, help and hints they are receiving 

from their colleagues and seniors.  

 Students pointed out that it is useful to share coding solutions and the 

different ways of solving a problem.  

 Students mentioned that it is good to have a feeling of competition in solving 

problems. It is very clear from the responses that this is a subject that needs 

close follow up of students during learning. Disengagement can also happen 

to good students who feel that the subject is easy and boring. If timely doing 

assignments and close follow up is performed by the students this will have a 

positive effect on the achieved level and subject time quality. 

 

This Chapter described the first artifact created in terms of Design Science Research 

– the Construct. The following chapter (CHAPTER FIVE: THE MODEL)describes 

the second artifact which is the model and provides technical details of the suggested 

solution and the design decisions obtained from usage data that were used in each of 

the systems iterations. 
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5.1 Introduction 

As mentioned in (CHAPTER ONE: INTRODUCTION), one of the objectives of this 

research is to influence (increase) and evaluate students’ engagement while learning 

programming. The influencing part will be performed by introducing and 

manipulating students’ attributes on different iterations of the proposed solution’s 

implementation. In chapter two - section one (Literature Review on Students’ 

Engagement) suggested that personalized solution will help in solving most of the 

disengagement elements in programming learning. And since one to one tutoring is 

not feasible, section two (Literature Review of Adaptive Systems) showed that from 

the range of available technologies for tutoring; adaptive systems are easy to 

implement and it overlay with the research objectives. Personalized contents based 

on students’ attributes will be further investigated in this research. Chapter four 

(CHAPTER FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED 

SUPPORT) covers the aspect of working with students to identify their views about 

the current way of learning programming. Also interventions that seems important 

from their point of view needed to be considered or investigated. 

In this work, personalized learning in the form of adaptive system will be planned 

and presented as a model as in the design science research process steps shown in 

(CHAPTER THREE: METHODLOGY - DSR Process). The research method used 

to achieve the objectives is design based science research in which the various steps 

of designing the system are implemented and reiterated as needed after performing 

the necessary steps (Offermannetalf 2009).  DSR involves working with people to 

find rigorous IS/ IT solution to real problems. 

In order to increase engagement, engagement attributes in learning need to be 

manipulated; one to one tutoring was the optimal situation. As this is not affordable 

in today’s teaching and learning adaptive systems can also be utilized to influence 

engagement attributes. After implementing the adaptive solution the affects need to 

be measured.  

Tutoring systems as a method of teaching are classified as behavioristic methods 

since the system’s actions will be decided based on the students’ behaviors and 

responses while using the system (Lowyck, 2014). 
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This chapter describes the second artifact that was produced in this work, which is 

(the model) and provides technical details of the suggested solution for implementing 

an adaptive system that aims to increase students’ engagement. 

5.2 Adaptive Hypermedia Systems 

Adaptivity is the ability of the system to recommend to users educational objects 

believed to be of their interests (implicit). In an adaptive system; minimal number 

of components should be displayed to individual users to avoid overloading them 

(cognitive overload) (Baig, 2014). Developing Adaptive Systems focuses on two 

major aspects; namely: 

a) The structure of the system 

b) The content to be displayed 

In this work the focus is on the content to be displayed to students.  

5.2.1 Users Modeling Attributes 

A common feature of various adaptive Web systems is the application of user 

models (also known as profiles) to adapt the systems’ behavior of individual users. 

According to (Koch, 1998), the following user’s characteristics were identified as a 

leading attributes in modelling students: 

 Knowledge 

 Preferences  

 Navigation abilities 

 

As a start the proposed model that represents an engaging adaptive learning system 

will focus on controlling the contents to be displayed based on student’s model 

(user’s model) that is having several attributes with knowledge attribute being the 

core attribute. This model is a variation of the regular adaptive systems because it 

focuses on enhancing the aspect of students’ engagement while using the adaptive 

system for programming learning. It focuses on students and most of the 

requirements stem from students’ needs, requirements and usage patterns. 
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5.2.2 User Knowledge Models for Adaptive Hypermedia and 
Adaptive Educational Systems 

The knowledge model in the system or the contents to be displayed could be 

arranged using a variety of setups. The concept could be represented as nodes and the 

relationship between the components could be in the form of edges connecting the 

nodes. Some of the types of knowledge models identified by (Brusilovsky and 

Millán, 2007)  are: 

 

 Scalar modelling /Stereotype knowledge: Aims to divide users into scalar 

groups, e.g. beginners, intermediate, and expert.  

 Overlay modelling: to overcome limitations of the scalar modelling, 

structural model is used in which the body of domain knowledge can be 

divided into certain independent fragments.  

 

The use of statecharts has been proposed in (De Oliveira et al, 2001) for modelling 

of hypertext and web based applications. By transitioning in a statechart diagram the 

state of the nodes will change (disable/enable) according to your current location in 

the diagram. As users move from one node to another the state will toggle at some 

nodes as an effect of the transition. And thus a new current state configuration is 

obtained. 

The steps used in (Martin and Ivan, 2013) aimed to set a standard and to formalize 

the adaptive system architecture. A reusable adaptive web user interface components 

were developed. In the user model part the attributes were divided into user profile 

(page setting preference) and user model (usage data). The information in a user 

model contains: e.g. users’ knowledge of the topic, users’ preferences, or their past 

experience.  

5.3 The Model 

This section explains the process of model development and it elaborates the details 

of the stages involved in the model. 
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As mentioned in CHAPTER THREE: METHODLOGY several steps were discussed 

in creating the suggested solution. The overall design of the system will take the 

following life cycle. 

 

5-1: System Model 

 

 Another way of listing the various steps for developing an engaging adaptive system 

is shown in the following figure: 

 
Figure 5-2: The Proposed Model 

 

One of the features of the model development is that it allows iteration in building 

systems, which is a desirable feature in adaptive systems. Adaptivity is built based on 
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user feedbacks from the usage of the systems that will allow evaluation and thusthis 

will be used for enhancing the design of the following iteration. 

5.3.1.1 User data and domain materials (Student’s Model) 

The first step was to collect the related materials in addition to students’ preference. 

As presented in CHAPTER FOUR: CASE STUDY - PROGRAMMING 

LEARNING NEEDED SUPPORT) a survey was performed to identify students’ 

needs and suggestions regarding programming learning and teaching. These 

suggestions have been incorporated in designing the Adaptive system. 

In this work the following initial attributes were used to describe and direct behavior 

1- Students’ level 

2- Preferred learning language 

And the following attributes comprise the desired learning practices or features to be 

incorporated in the adaptive tutor; that were learned from (CHAPTER FOUR: CASE 

STUDY - PROGRAMMING LEARNING NEEDED SUPPORT) are: 

1. Time management and reminders. 

2. Contents suitable to level/ Adaptive. 

3. Timely  feedback. 

4. Collaboration. 

5. Availability of resources. 

6. Algorithmic Thinking. 

7. Scaffolding. 

8. Interest / Motivation. 

9. No Permanent effect of Failure. 

10. Simplified explanation of materials. 

11. Projects that can be divided to simple tasks. 

12. Sharing solutions to get experience in solving the same problem in several 

methods. 

13. Students wanted to have a feeling of competitions and ranking. 

5.3.1.2 Building the Adaptive Tutor 
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This section explains the process of model development, including procedures used 

for literature search, instrument development, data collection, and analysis. 

Representing students or users in the system will enable the adaptation and 

personalization of the system. To build an adaptive system a student model has to be 

built that is a set of knowledge components (KC) which will be encoded in the 

adaptive tutor to model students and hence adapt the system accordingly. The set of 

KCs includes the component skills, concepts, or precepts that a student must acquire 

to be successful in targeted tasks (Li et al, 2011).  

Navigation through the KC will be allowed based on the information encoded in the 

adaptive tutor in the form of stored attributes (student model/profile). These 

attributes could be static/fixed such as student ID or dynamic that could be updated 

while using the system such as level and completed tasks. 

Knowledge Components/ Domain 

To build an adaptive tutor one of the following two approaches can be used  

1- Manually building of student models.  

2- Using machine learning techniques.  

There are three stages of building intelligent tutoring system: 

1- Collect the course materials from students:  There will be two types of users 

in the system (tutors, students). Users can rate, identify mistakes, or miss 

conceptions. (In this step a hypothesis about students’ models will be built- 

identifying the students’ model).  

2- Use the materials prepared in step 1 to build the system with emphasize on 

the features that distinguish a good human tutor and makes it superior to a 

tutoring system that were presented in section 2.3.4 (Intelligent Tutoring 

System). The system should be adapted to student level and interaction and 

hence giving timely feedback. Two components should be decided when 

implementing an adaptive system that is, the user models (attributes 

distinguishing users) and the knowledge representation (preferably: state 

transition diagram). 
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The knowledge representation in the system or the contents to be displayed 

could be arranged using a variety of setups. As mentioned in section 5.2.2, 

one of the ways to represent model is the overlay model in which the 

knowledge components are represented in a graph (in this work transition 

diagram). The nodes of this graph represent the available studying materials. 

The transition diagram should limit the student transition in the system 

according to the design of the system. In a particular moment the navigation 

in the system for the student is limited by the state of the student (or level) in 

that particular time. The following figure 5-2 shows a possible scenario of 

transition in which a particular student can only access quizzes and exercises 

that are related to his current visited topic. 

 

Figure 5-3: Allowed transition in the system 

A variation of this graph could be adopted based on the attributes used in 

representing student’s models. 

3- Collect usage statistics to evaluate and enhance the system. Many data can be 

collected from the students’ interaction with the system including the most 

downloaded materials, the time spent to read text, and the topics in which the 

students get the worst results. 
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Pedagogical model 

For all the iterations of the systems, the students were not forced to use the system by 

their tutors. Adaptive systems are classified as behavioristic learning methods since 

the systems’ actions will be decided on the students’ behaviors and responses to the 

systems.  (Lowyck J , 2014) 

Important Features of the Proposed Model 

The system will not involve working with sensory data and it basically handled 

students’ activities such as pages visited, duration, and clicks activity. Sensory data 

could be considered in future extensions of the model. 

In addition, the following features should be provided by systems instantiations: 

Build an adaptive system that constructs students' models having both types of 

attributes (static and dynamic). The attributes should stem from both the survey and 

the literature. 

Following are the objectives of the proposed model’s instantiation: 

 The system should provide diversity of activities to be practiced by the 

students that are related to programming learning. 

 To provide information with portable access (access via different devices). 

 To enable most of the traditional educational content management systems' 

features, such as contact with human tutors and colleagues. 

 To provide utilities based on students’ specific needs (obtained from the 

survey). 

 To save aspects of students’ activities that could be useful in adapting the 

system and aid in providing a better understanding of engagement in 

programming learning. 

The system that will be implemented by instantiating this model should provide the 

functionality given in the following diagram: 
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Figure 5-4: The adaptive engaging system functionalities 

 

5.3.1.3 Evaluating engagement 

The assumptions made are validated and tested via students’ responses to the system 

from the web logs. To monitor students’ engagement while using the adaptive 

system, analyzing web system logs will be performed. From the literature the 

following measurements are used to measure users’ engagement: Click-through 

rates, Number of page views, Time spent on site or dwell time, Frequency of return 

visits (during single or multiple sessions), Time between visits or absence time, 

Number of tasks, Reading amount.Details of the evaluating the instantiation 

(DrSUST) will be provided in chapter seven. 

 
 
Improve the engaging adaptive system 

In the first iteration a hypothesis about students’ models will be built; identifying the 

students’ models. Every iteration of the system’s development will be preceded by an 

evaluation step based on analyzing the log data of the previous iteration trial. New 



` 

81 
 

81 CHAPTER FIVE: THE MODEL FOR AN ENGAGING ADPATIVE SYSTEM 

attributes could be added to every new iteration’s implementation in addition to 

modification of the overall system design. 

5.4 Conclusion 

Adaptive systems differ in their implementation based on the aspects of the design 

that need to be emphasized and improved in the system. In this work the emphasis 

was on increasing students’ engagement while learning programming. This was 

reflected in the design by involving the students early on in the implementation of 

the solution and studying their current situation and the aspects that they needed to 

be provided to achieve better engagement.  

The model which is presented in this chapter for developing an engaging adaptive 

system was further implemented in the next chapter (CHAPTER SIX: DR SUST 

INSTANTIATION) and was tested with real students and the details of students’ 

usage data was provided in the chapter seven (CHAPTER SEVEN: RESULTS and 

ANALYSIS). 
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6.1 Introduction 

It is difficult for many students to use programming languages to write programs to 

solve problems. One of the reasons that causes learning problem is the lack of 

problem solving abilities that many students show. Solving problems is not easy to 

learn and novices usually don't know how to create algorithms. Training is required 

in order to help students obtain that skill. In the work by Gomes  and  Mendes 

(2007), they proposed building a tool that helps students practice developing and 

testing algorithms; their tool is named SICAS (Interactive System for Construction of 

Algorithms and its Simulation). 

Programming often demands learners to engage in a significantly high level of 

individual practice and experimentation in order to master basic skills. Less practice 

creates cognitive-affective barriers that interact with learners’ self-beliefs which will 

potentially reduce learning. Scott and Ghinea (2013) seek to ascertain how to design 

a learning environment that can address this issue. To overcome such barriers 

analytical and adaptable approaches is proposed that include using: soft scaffolding, 

ongoing, detailed informative feedback and a focus on self-enhancement together 

with skill development. 

Struggling in programming courses can result from low engagement. Better 

achievement in programming courses can result if the engagement level increased. 

Giving choices in learning materials and providing continuous support can result in 

greater engagement. 

This chapter describes the fourth artifact of the DSR types of artifact and it is the 

third that is produced in this work, which is (the instantiation), the third artifact as 

mentioned in section 3.2.1 (Design as an artifact) is the instantiation (DrSust). 

Implementation of the second artifact (the model) that was described in (CHAPTER 

FIVE: THE MODEL) in several iterations is demonstrated in this chapter. 

In section 2.2, several attributes were summarized from the literature that found to 

affect engagement. The following figure summarizes some of the attributes that 

increase engagement in programming learning. 
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Figure 6-1: Attributes that increases students' engagement in programming 
learning 

6.2 The Supporting Adaptive Website (Dr SUST) 

The introductory programming course at SUST uses Java as a language for teaching 

programming concepts. The approach used for teaching is programming first 

approach, which means focusing on problem solving and not on teaching object 

oriented programming. The main reference used is: Introduction to Java 

Programming by Y. Daniel Liang (http://www.cs.armstrong.edu/liang/). The book 

has a web site (http://www.cs.armstrong.edu/liang/intro9e/) with prearranged 

materials and slides and quizzes for the different concepts. The quizzes and part of 

the exercises in the system were obtained from the book mentioned above (Liang, 

2009). 

Three units should be decided before using any adaptive system, namely: 

 Student or learner model - used to determine the student’s progress. 

 Domain model - information that represents the knowledge in an Adaptive 

system. 

 Pedagogical model - handles the actual “tutoring” aspects of the tutoring 

system, adaptive selection of the materials to be presented to students. 
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6.2.1 Users’ model/ Students’ Model 

This section will provide attributes that constitute the user model or profile on the 

different iterations of the DrSUST. Modelling students can have different state 

attributes. The attributes used can cover the aspects related to students, namely: 

 Learner state.  

 Performance state.  

 Cognitive state.  

 Affective state. 

The table below lists the derived attributes related to students’ engagement and the 

way they were implemented in the system. 

Table 6-1: Users' Attributes 

Criterion Individual Attribute Generic Design 

Contents language √  

Simplified explanation  √ 

Quizzes with immediate feedback  √ 

Anonymous Assistant  √ 

Controlled navigation vs. free navigation √  

Unlocking exercises’ solutions √  

Devices used for accessing the system  √ 

Level, Q_level, Ex_level √  

Chatting help and support from lecturers 
and colleagues 

 √ 

Learning Styles (holistic/serialist) √  

 

From the table, attributes that could describe the users were divided into two 

categories. Firstly, attributes stored and used as part of the students’ model which 

will eventually be used for adapting the system. And secondly, attributes that were 

implemented as a general solution in the design. 
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The user model is the critical component in this research. Initial modelling of the 

user had one attribute as a start and additional attributes were added in every iteration 

and development of a new version of the adaptive system. 

1. Navigation_Pointer: the navigation pointer which lets the students continue 

from the last place he visited in the previous visit/session. 

2. Reading Level: initially both reading level and navigation pointer were 

considered to be identical attributes. But the fact that students revisit 

previously read concept created a difference. Reading Level does only 

increment while the navigation pointer can increment or decrement. 

3. Preferred language: Initially the domain knowledge materials were in 

Arabic language only as the interviewed students mentioned some difficulties 

in studying English. And after interviewing more students it has been realized 

that not all students preferred to study in Arabic. So the preferred language 

attribute was added as a student attribute that can be altered at any time. 

4. Exercises level: Students who master a concept and perform the necessary 

exercises will level up in Ex-level and get more difficult exercises. 

5. Quizzes level: Students who master a concept and perform the necessary 

quizzes will level up in Q-level and get more difficult quizzes.  

6. Learning Style: holist/serialist 

 

Future attributes: 

State Concept Ex 
Access 

Students can view 3 solutions of every 
concept 

Li_Access=3 

Additional solution access could be obtained 
with every trial of solving exercise 

Li_Access++ 
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 Quizzes-Level: This attribute is used to generate hints and feedback. 

State Action 

The Student knows the concept Skip similar questions 

Student forgot Give student a hint 

Guessing Advice to study the concept 

 

An automated help generation could be considered in future versions. Currently the 

question is posted to one of the available tutors and to answer it, the tutor could 

access a summary about the student record to understand the student better and hence 

respond accordingly. 

How and when to produce hints or help students? Usually help is given to students if 

they seemed to be stuck or ask for help. But there is a risk that students might not try 

hard enough at times asking for more and more hints i.e. manipulating the system.A 

student could be told to retry if he didn’t try hard enough or help him if he has been 

struggling for a while. At some point, the system might not be able to help the 

student so this student will be directed to meet their human tutors. 

 

6.2.2 The Domain: 
Three iterations of the system were performed in which the following sections 

present the details of the development and the changes that were made. The tutoring 

system DrSUST was built as follows: 

6.2.2.1 DrSUST 1: 

The contents of the course are divided into 6 units/ concepts. All students start at 

level 0. The materials for Unit1 can be accessed by any student in addition tounit1 

quizzes regardless of their level.  A student cannot proceed and study any advanced 

unit without passing the tests of the previous units or complete reading the previous 

unit. 
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Table 6-2: The course contents 

Level open materials based on the Level No access 

L1 Unit1 – Introduction and program structure+ 
examples+ Quiz1 

L3,L4,L5,L6 
All other levels’ Ex & Q 

L2 Unit2 - Primitive data types and operations + 
examples+ Quiz2 

L4,L5,L6 
All other levels’ Ex & Q 

L3 Unit 3 - Selection statements+ examples+ Quiz3 L1,L5,L6 
All other levels’ Ex & Q 

L4 Unit4 – Loops + examples+ Quiz4 L1,L2,L6 
All other levels’ Ex & Q 

L5 Unit5 – Methods + examples+ Quiz5 L1,L2,L3 
All other levels’ Ex & Q 

L6 Unit6 – Arrays + examples+ Quiz6 L1,L2,L3,L4 
All other levels’ Ex & Q 

Students have to go through all the previous units to move to the next unit. The 

displayed exercises and quizzes accessible to the students are the ones related to the 

current level. At each particular time a student can advance by one level only or go 

back to one level only. For example a student in level 2 can also go forward to level 

3 or backward to level 1. 

 
Figure 6-2: Transition Diagram of DrSUST 1.0 based on navigation 

 

System’s Requirements 

1. Access to adaptive system is done vial links validation and manipulation. 

2. The student cannot access the different concepts' sections by simply typing 

the link, his level should allow that access. 
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3. Access to exercises and quizzes is granted if a student is having access to 

related topic or concept. 

4. Applying problem solving was the most important recommendation that was 

highlighted by most of the students. For that this was applied by allowing 

students to practice programs and submit solutions and get feedback. 

5. In addition, students also mentioned that they would benefit from seeing 

several solutions for the same problem. And thus the system will share 

correct solutions for the exercises to other students.  

6. Shared exercises solutions can only be viewed by a student if he unlocked the 

particular exercise solutions by submitting a serious attempt to solve that 

particular exercise. 

Intelligent and adaptive systems are classified as behavioristic learning methods 

since the systems’ actions will be decided on the students’ behaviors and responses 

to the systems.  (JoostLowyck, 2014) 

6.2.2.2 DrSUST2.0 : 

The most engaging parts of the system were found to be lecture notes and quizzes. It 

is normal to stay long in reading a particular note, but it was not logical for students 

to open quizzes with no attempt to solving them. For the purpose of urging the 

students to try to solve quizzes the quiz was divided into individual questions that 

have immediate feedback and also a skip choice.  

6.2.2.3 DrSUST3.0 : 

Students do revisit the materials they have read after they progress further. 

According to the domain model in the first version of the system the student could 

not access the links immediately after passing them with more than one level. For 

example, if a student is at level 3 and he needed access to level one he will not be 

able to do that immediately, he has to return to level 2 and from there to level 1. In 

the third iteration of the system students were free to visit previous material that they 

need to revisit as shown in the following table 6-2 and figure 6-3. In this version of 

the system, there was a difference between reading level and the navigation pointer. 

Reading level can only be incremented while the navigation pointer can be 

incremented and decremented. Both students’ information will be remembered 
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(reading level and the navigation pointer) and used for displaying the appropriate 

contents. 

Table 6-3: The course contents transition for Drsust 3.0 

Level Current materials that corresponds to 
the Levels 

No access 

L1 Unit1 – Introduction and program 
structure+ examples+ Quiz1 

L3,L4,L5,L6 
All other levels Ex & Q 

L2 Unit2 - Primitive data types and 
operations + examples+ Quiz2 

L4,L5,L6 
All other levels Ex & Q 

L3 Unit 3 - Selection statements+ examples+ 
Quiz3 

L5,L6 
All other levels Ex & Q 

L4 Unit4 – Loops + examples+ Quiz4 L6 
All other levels Ex & Q 

L5 Unit5 – Methods + examples+ Quiz5 - 
All other levels Ex & Q 

L6 Unit6 – Arrays + examples+ Quiz6 - 
All other levels Ex & Q 

Students have to go through all the previous units to move to the next unit. The 

displayed exercises and quizzes accessible to the students are the ones related to the 

current level. 
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Figure 6-3: Transition Diagram of DrSUST 3.0 based on the student’s level 

 

New Requirements 

1. Access to adaptive system is done vial links validation and manipulation. The 

modification in the new version of the system was on revisiting materials. 

Students can freely navigate backwards if they needed to revisit previously 

studied materials. 

2. Shared exercises solutions can only be viewed by a student if he unlocked the 

particular exercise solutions by submitting a serious attempt to solve it. 

6.3 Conclusion 

In this chapter the design of the adaptive system DrSUST is presented. There were 

three cycles in developing this technical solution and in this chapter listed the 

distinctive features of every system’s iteration. 

For all the iterations of DrSUST, the contents of the course are divided into 6 units. 

All students start at level 0.  
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In the first and second iterations, the materials for Unit1 could be accessed by any 

student in addition to all the quizzes regardless of their level.  A student cannot 

proceed and study any advanced unit without passing the tests of the previous units 

or complete reading the previous unit. 

An improvement on the design of the second systems’ iterations was to divide the 

quizzes into a question by question scheme. As an attempt to urge students to try to 

solve quizzes as individual questions that have immediate feedback with also a skip 

option.  

For the third iteration of the system, students were allowed to navigate easier, 

especially when revisiting materials they have read after they progress further. 

The following chapter will present the evaluation of the students’ engagement 

obtained from each of the systems’ iteration and analysis of the findings. 
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7.1 Introduction 

In this chapter the results from users logs on the three system’s iterations of 

developing and testing DrSUST is presented and analyzed. In addition, results of a 

preliminary study were also presented and it is called DrSUST 0.0. 

User engagement in using a particular system is only applicable to situations in 

which using the software is optional. Many of the criteria mentioned about users’ 

engagement will not reflect user interest in using the software if the user has to use 

the software in any way.  

User engagement is considered one of the factors that interest HCI practitioners 

when evaluating systems and trying to measure the quality of user experience. User 

engagement can be measured from observing users log data in a system and this 

particularly can be obtained from the following measures: 

1. How many of the students logs into the system? 

2. How far did each student go? 

a. ( Mastering concepts and – Levelling up). 

b. Number of page views. 

3. What is the total duration spent on the site by each student? 

4. What is the completion rate among the students? 

5. What is the duration between the visits? 

6. Most frequently accessed pages. 

7. Frequency of return visits (during single or multiple sessions). 

7.2 Evaluation 

Evaluation was split in three parts: 

3. A laboratory experiment,  

4. Experiments with the students in the developed adaptive system 

5. And presentation of the artifacts with some of the users and experts. 
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7.3 DrSUST 0.0: Chatting Sessions as a Way of Observing 

Usefulness of Group Study 

Before launching DrSUST, there was enough time to investigate chatting support 

that would be part of the system.  The members of the chatting group were statistics 

students (67 students) studying an introductory programming course. A scheduled 

chatting sessions were started as an optional tutorial for the subject.  

Risks: 

 Some students claim that the pace was fast for them. 

 The usage of the group was not specific to the subject, on the first day 

messages kept coming all the time, even after the agreed session were 

finished and it kept coming until they were asked to stop. With a gentle 

reminder it has been agreed to limit the communication with the group to 

limited times and if desired any other chats should be on the private accounts. 

The group started 1stAugust 2015, the first lecture after starting the group was on 6th 

August, students felt that they can be heard and started to make suggestions. Only 4 

complained that they were not in the group, one of them has a smart phone and said 

he will join the group while the rest didn’t share the reason (most probably they don’t 

have smart device). It is stated again that the group is optional and asked the ones 

that don’t have access to use the office hours so that they can ask questions and get 

support. 
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First session 01/08/2015 ،9:12 PM - 11:39 PM (24 students) 

 

Figure 7-1: Word cloud of the first session’s chat 

Table 7-1: : Students and their participation frequency on the first session 

Student Comments Student Comments Student Comments 
Noreen 19 Alaa 5 Khalida 1 
Maaab 19 Asmaa 3 Mohamed 1 
Azza 13 Anfal 3 Fairuz 1 
Fatho 12 Fairooz 2 Mecca 1 
Thwiba 11 Bashir 2 Ahmed 1 
Makah 9 Mawda 2 Arjaa 1 
Basheer 7 Thuwaiba 1 Fthoo 1 
Tagwa 5 Abdullah 1 Duha 1 
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Second meeting 02/08/2015 ،7:38 PM - 02/08/2015 ،9:49 PM(27 

students) 

 

Figure 7-2:Word cloud of the second session’s chat 

Table 7-2: Students and their participation frequency on the second session 

Student Comments Student Comments Student Comments 
Noreen 36 Fairooz 8 Khaleda 2 
khalda 33 Arfa 7 Bashir 2 
Haitham 32 Mohammed 6 Wesal 2 
Azza 29 Basheer 6 Anfal 2 
MAltayb 25 Mo3az 5 Badruddin 1 
MAbdulla 17 Makah 5 Thuwaiba 1 
Wisal 17 Mawda 4 Mohammad 1 
Zakaria 14 Mozdalifa 2 noreen 1 
Mahasin 10 Abdulla 2 Mawada 1 
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Third meeting 04/08/2015 ،8:12 PM  - 04/08/2015 ،11:05 PM (14 
students) 

 

Figure 7-3:Word cloud of the third session’s chat 

Table 7-3: Students and their participation frequency on the third session 

Student Comments Student Comments 
khalda 28 Bashir 4 
Alhadi 17 Rayan 4 
Arfa 14 Abdulla 2 
Azza 9 Mo3az 2 
Asmaa 8 Khaleda 1 
Tagwa 6 Maaab 1 
Basheer 5 Ryan 1 
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Fourth chatting session 07/08/2015 ،7:57 PM -07/08/2015 ،11:26 PM 
(27 students) 

 

Figure 7-4: Word cloud of the fourth session’s chat 

Table 7-4: Students and their participation frequency on the fourth visit 

Student Comments Student Comments Student Comments 
Walaa 32 Israa 10 MAltayb 1 
Maaab 30 Basheer 7 Alhadi 1 
Fairooz 27 Alaa 7 Fatima 2 
Fatma 23 MMustafa 6 Feroz 1 
Duha 17 Aisha 5 Safaa 1 
Wafa 16 Omer 5 Ahmed 1 
khalda 15 Fairuz 2 Ryan 1 
Rayan 14 Noreen 2 Noon 1 
Anfal 10 Mohd 2 Mohammad 1 
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Fifth session 07/08/2015 ،7:57 PM -07/08/2015 ،11:26 PM (10 

students) 

 

Figure 7-5: Word cloud of the fifth session’s chat 

Table 7-5: Students and their participation frequency on the fifth visit 

Student Comments Student Comments 
Fairooz 20 Noreen 2 
Maaab 11 Fatemeh 1 
Wafa 9 Tagwa 1 
Fatma 8 Rayan 1 
Duha 8 Ali 1 
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Sixth session 14/08/2015 ،8:43 PM - 14/08/2015 ،10:58 PM (12 
students) 

 
Figure 7-6: Word cloud of the sixth session’s chat 

Table 7-6: Students and their participation frequency on the sixth visit 

Student Comments Student Comments 
Zakaria 13 Lena 3 
Walaa 9 Abdulla 2 
Wisal 9 Aisha 2 
MAltayb 4 Maaab 2 
Duha 4 Zacharias 1 
Fatma 3 Muhammad 1 

Additional 6 sessions were conducted on 15-18-20-21-23-25 of August and the trend 

was similar to the sessions presented. 
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Summary: 

The online sessions have a positive impact on the formal classes. From the chatting 

sessions, it is found that the chatting session is engaging to students in nature and it 

gives them the feeling that their tutors are understanding and approachable.It doesn’t 

seem that the students’ level and programming abilities affect the interaction, while 

there are occasional private messages that show that students approve what is in the 

group. 

Participation rates were good; only 4 out of 67 students were not in the group.  

On the first day a student left the group, after addressing him from his colleagues and 

the lecturer he joined back and the reasons were: 

 “He said he doesn’t like groups in general” 

 “He was not connected at the time of the session, and when he got connected 

loads of messages arrived.” 

There is a drawback from these scheduled sessions as it is not easy to get information 

out of it. A more modular way of communicating with teaching staff should be 

provided in DrSUST. Modular meant that chat messages should be divided/grouped 

according to its topic. 

7.4 DrSUST 1.0 

The first iteration of the system was launched for the students who are studying a 

programming course from Computer Science College (74 students) at SUST on the 

first semester of the academic year 2015-2016. The system was launched on 8 Feb 

which is 3 weeks before their final exams. 

A fixed logins were created for all the students and it has been advertised to the 

students that they could use it. The outcome: Only 27% of the students tried the 

system 
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Figure 7-7: Users' visits on the first week of lunching the system 

Initial engagement was realized followed by rapid drop on the system usage. 

7.4.1 Adaptive Tutor specification and usage data: 

The design of this version of the system was as follows: 

1- All the teaching materials were in Arabic 

2- Limited navigation was allowed based on the navigation pointer. 

 

The usage data showed: 

1- Students tend to read and attempt quizzes while there are no attempts of 

solving programming exercises. 

2- Some students stayed on a quiz for long duration with no attempts to solve it 

in several sessions. The  causes of no quiz submission might be because: 

a. In this version of the system students were required to finish a whole 

quiz before submitting; no immediate feedback on the attempted 

questions. 

b. Students are writing quiz questions down so that they can solve it with 

their colleagues. 

3- Why these students are not attempting exercises? 

a. Not confident about their programming abilities 

b. No marks awarded for submissions  
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c. The exercises were easy; students have already done all sorts of 

practices in the course when they started using the system. While 

quizzes seemed to have challenged students which made them try to 

solve it. 

 

4- The system provided material sequencing with a pointer indicating their 

reached level on reading. Some students tried to access the pages directly by 

copying links from their colleagues. 

An interview was conducted with two of the students who have used the system; and 

the outcome was that some students prefer to study in English and some prefer 

Arabic. Also, students are interested in having an immediate feedback and help in the 

attempted quizzes. 

 

7.5 DrSUST 2.0 

This time students were allowed to create their own logins and also senior students 

were invited to test the system.  

7.5.1 Adaptive Tutor specification and usage data: 

The design of this version of the system differs from DrSUST 1.0 in the following: 

1- Preferred learning language was set to be one of the attributes in student 

model and hence it will define which part of the system to navigate. 

2- The quizzes were divided and submission is done in question base, also 

students can skip some questions and try them later: positive feedback was 

received on the questions design. 
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The outcomes of the usage date showed that: There is still low trial of 

programming exercises. While the submissions to individual quiz answers were 

attempted. 

More comments were received from users at this stage as follow: 

Positive: 

“Beautiful summary! – Is that all?” {Student wishing to proceed beyond the 

given level}. 

“I like it!”. 

“Good!”. 

“Huge effort is obvious in implementing the quizzes sections.” 

Neutral: 

 “Nice work as a start, hope it became more like hackerrank, gj”. 

“Continue working on it .... We need it”. 

“This is similar to traditional tutoring”. 

Negative: 

“Some Arabic terms need to be standardized regarding the translation.” 

“The design is simple.” 

“The Arabic transition arrows are confusing.” 

“Limited navigation transition should be a recommendation not forced” 

“Some of the quiz questions were not covered in the given topic summary.” 

 

The following table provides a summary to individual students’ visit to DrSUST 2.0 

and their dwell time with the system. 
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Table 7-7: Summary of visits to DrSUST 2.0 

St_no visits Duration / 
min 

clicks Topics, 
quizzes, 
exercises 

112 2 visits {21-8 (8 min)-18-
8(3min)} 

11 43 {6 , 0, 0} 

113 1 visit {12-10 (3 min)} 3 19 {1 , 1, 0} 

114 {En + Ar} 1 visit {12-10 (2 min)} 2 6 {2 , 0, 0} 

115 {En + Ar} 1 visit {12-10 (86 min)} 86 20 {5 , 0, 0} 

116 1 visit {12-10 (6 min)} 6 21 {2 , 1, 0} 

117 1 visit {12-10 (7 min)} 7 12 {3 , 0, 0} 

118 1 visit {12-10 (1 min)} 1 2 {1 , 0, 0} 

119 1 visit {12-10 (1 min)} 1 16 {2 , 2, 0} 

120 {En + Ar} 

All q2 

1 visit {14-10 (97 min)} 97 180 {8 , 1, 0} 

This students was the student  having the most positive comment: 

“Beautiful summary! – is that all?”  

 

121 {En + Ar} 1 visit {14-10 (274 min)} 274 32 {7 , 0, 0} 

122 

All q3+q4 

1 visit {14-10 (68 min)} 68 133 {4 , 2, 0} 

123 1 visit {15-10 (1 min)} 1 8 {3 , 0, 0} 

124 1 visit {15-10 (24 min)} 24 52 {6 , 1, 0} 

125 

All q4 

1 visit  22-1-2017 {11} 11 52 {5 , 1, 0} 

Total 15 visits 592 
minutes 

596 clicks  
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The student no 120 gave the most positive comments on the system. Although this 

student was not the one who stayed in the system longer, but he was the user with the 

higher number of clicks or transition in the system. 

The following table gives the count of individual visits to each of the concepts.  

Table 7-8: Students' visits counts 

Student  11
2 

11
3 

11
4 

11
5 

11
6 

11
7 

11
8 

11
9 

12
0 

12
1 

12
2 

12
3 

12
4 

12
5 Concept 

'intro.php' 5 3 4 8 8 8 2 2 5 4 4 5 9 2 
 'datatype.php' 6  3 6  2  2 2 6 4 2 8 4 
controlstatement
s.php' 

6   4  2   2 6 2 2 4 2 

loops.php' 6   2     5 4 2  4 2 
methods.php' 6        4 8   4 2 
arrays.php' 8        6 4   2  

The following figure shows the trace of students’ visits. 

 

Figure 7-8: Students' visits transition graph 

From the log data, some study trend in navigating the system appeared on some of 

the students’ usage of the system:  
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a) Students finished visiting all the lecture notes before attempting to 

solve any question or try in programming exercise. After finishing the 

first round of reading the related materials the student will go back 

from the beginning to try other activities. Thus restricting the 

navigation on the web site to one level at a time is not applicable for 

students who wish to revisit some of the previously studied concepts. 

While the expected behavior was that students will read a particular 

concept note and try the corresponding exercises and quizzes before 

going to advanced levels. 

b) Some students visit all the lecture notes regardless of the language. 

They read the topic in Arabic and later will cover the same topic in 

English. Which means that student’s preferred language should 

remain a dynamic attribute that changes based on the student’s 

interest. 

7.6 DrSUST3.0 

Further improvements were as follows: revising of the consistency of English 

materials and it is Arabic translation was performed. Modification on the ease of 

navigation was also provided. And comments were allowed to be grouped into public 

and instructor comments. Public comments made on individual topics could be seen 

by everyone, while comments to instructor were meant to be seen only by the sender 

and the receiver. 

The current users started the course on May-2017. The students covered 2 concepts 

in class out of 6 concepts. The following table shows their login details and the 

current location in the study. It was found that 2 of them have proceeded beyond the 

course level. 
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Figure 7-9: DrSust 3.0 users. 

The following table provides a summary to individual students’ visit to DrSUST 3.0 

and their dwell time with the system. 

Table 7-9: Summary of visits to DrSUST 3.0 

St_no Visits Duration / 
minutes 

Clicks Topics, quizzes, exercises 

7 2 4 5 {2 , 1, 0} 
8 1 1 2 {1,0,0 } 
9 1 1 1 {1 , 1, 0} 
10 1 10 6 {2 , 0, 0} 
11 1 2 11 {1 , 0, 0} 
12 2 6 12 {2 , 1, 0} 
13 1 79 75 {2 , 1, 0} 
14 1 1 2 {1 , 0, 0} 
15 1 26 96 {3 , 1, 0} 
16 1 1 2 {1,0,0 } 
17 1 1 2 {1,0,0 } 
18 1 1 2 {1,0,0 } 
19 1 6 10 {1,1,0 } 
20 1 1 3 {2,0,0 } 
22 11 324 403 {6,5,2 } 
This student was the only student who submitted exercises. 
23 4 40 25 {1,3,0 } 
24 1 45 24 {1,1,0 } 
25 1 1 4 {1,1,0 } 

Total 33 visits 550 min  683 clicks  
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From the above table, more visits were made to this version of the system and more 

clicks were observed while the overall time on the site was slightly less than the 

previous version.  

This version of the system was launched at the beginning of the 2nd semester of the 

academic year 2016-2017 and hence the students had time to write code. 

 

7.7 Future Improvements 

Intended enhancement for the adaptive system would be in the form of: 

1- Learning through testing (Surprising place to learn). 

2- Randomized sequence of quiz questions (memorizing effect). 

3- Produce and include additional materials in the system for novice students 

(e.g. Videos). 

 

7.8 Conclusion 

The design of the first iteration of DrSUST had the following attributes: (1) All the 

teaching materials were in Arabic. (2) Limited navigation was allowed based on the 

navigation pointer. 

The design of the second iteration of DrSUST had the following attributes: (1) 

Preferred learning language was set to be one of the attributes in student model and 

hence it will define which part of the system to navigate. And (3) The quizzes were 

divided and submission is done in question base, also students can skip some 

questions and try them later: positive feedback was received on the questions design. 

Further improvements in the third iteration of DrSUST were as follows: revising of 

the consistency of English materials and it is Arabic translation was performed. 

Modification on the ease of navigation was also provided. 

From the results it can be seen that students have different styles in covering the 

syllabus. Some tend to scan most of the lecture notes as a first round in studying the 
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syllabus before attempting any quizzes or exercises (holistic) while some students 

will study and perform additional activities before moving to advanced topics 

(serialist).  

From the results, what is happening in the class affect the students' behavior toward 

the system! When using the system is totally optional and not a requirement of the 

course, the time of the academic year in which the system is lunched matters. Near to 

exams time students prefer to do reading of materials and solving quizzes. Running 

the system at different times of the course will produce different engagement 

behavior. 
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8.1 Introduction 

Programming is a skill that needs to be developed through intensive practice; 

students need to allocate time for performing the related learning tasks. Students can 

allocate time for learning if they are engaged with the subject. This from both 

literature and experience seems to be missed by many of programming learners. 

Students’ engagement is affected by many factors, including timely feedback and 

scaffolding. 

It is difficult to meet the needs of the increasing number of students with their tutors. 

The aim of this work is to investigate the current technologies for personalized 

learning and to implement a solution for increasing engagement for novice 

programming learners. Also the research aims to find the attributes for the selected 

technology that could be adjusted to increase students’ engagement in programming 

learning. 
 

• In this research, the research questions were: 

– What are the attributes of students’ disengagement in learning 

programming at SUST?  

– How can adaptive tutoring systems increase students’ engagement? 

– How can students’ engagement be measured?  

8.2 Thesis Contribution 

 
As presented in section 2.2.4 (Educational Practices that Contribute to Student 

Engagement), in order to improve programming learning several factors should be 

considered. In addition, the attitude of both students and staff could be modified to 

result in a higher engagement level. Engagement in learning leads to desirable 

learning outcomes. 

From the literature the following: learning strategy, collaboration, self-efficacy, time 

availability, interest, support, scaffolding, availability of devices and resources and 

comfort level  were identified as the leading attributes that affect engagement in 

programming. A good Human tutor helps in engagement since he can give timely 

feedback that will reduce frustration and help student to understand the topics better. 
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Also a good tutor will force students to dedicate time and keep moving, forces 

students to collaborate and find ways that will engage and excite students. 

Unfortunately, one to one tutoring is not feasible in most of the current higher 

education settings. This is fairly applicable for a small number of students. And 

usually in larger classes, lecturers might not be able to identify students’ knowledge 

gaps since many students are passive and there is no way to converse with each of 

them.  

Several IT solutions exist that could help in providing a quality learning experience 

and improve engagement. Such as: (1) recommender system, (2) adaptive systems 

and (3) intelligent tutoring systems that can help in increasing engagement in 

programming learning.  

From the range of available technologies for tutoring adaptive tutors are easy to 

implement and it overlay with the research objectives. Personalized contents based 

on students’ attributes will be further investigated in this research. 

Three artifacts were produced in this work to meet the research objectives: 

Firstly, the attributes contributing to students’ engagement from three sources: 

literature (Literature Review on Students’ Engagement), students’ quantitative and 

qualitative surveys (CHAPTER FOUR: CASE STUDY - PROGRAMMING 

LEARNING NEEDED SUPPORT), and from evaluating the usage of the designed 

solution.Secondly, overall technical details of the suggested solution and the design 

decisions were presented in chapter five (CHAPTER FIVE: THE MODEL). And the 

final artifact was presented in chapter six (CHAPTER SIX: DR SUST ) that is the 

design of the adaptive system DrSUST. There were three cycles in developing this 

technical solution and in this chapter listed the distinctive features of every system’s 

iteration.  

The last objective was to evaluate students’ engagement in the designed solution. 

Hence, chapter seven (CHAPTER SEVEN: RESULTS and ANALYSIS) presented 

the evaluation of the students’ engagement obtained from each of the systems’ 

iteration and analysis of the findings. To monitor students’ engagement while using 

the adaptive system, analyzing web system logs was performed. From the literature 

the following measurement are used to measure users’ engagement: Click-through 
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rates, Number of page views, Time spent on site or dwell time, Frequency of return 

visits (during single or multiple sessions), Time between visits or absence time, 

Number of tasks, Reading amount. 

 
In this work, personalized learning in the form of adaptive system was implemented 

following the design science research process steps shown in Design Science 

Research (DSR). Since the research involves a real problem, current situation needs 

to be studied in addition to covering the literature. Chapter 4 covered the aspect of 

working with people to identify their view of the current situation. Chapter 4 

presented finding of students quantitative and qualitative surveys (CHAPTER 

FOUR: CASE STUDY - PROGRAMMING LEARNING NEEDED SUPPORT) 

from which the finding was incorporated into the designed solution.  

From the questionnaires it is found that: Students need flexibility when taking a 

programming course. Flexibility means to allow multiple learning path options and 

providing various range of materials and finding an assessment scheme that allow 

students to make up for poor or missing assignments. It will be good practice if 

students could get multiple chances to improve their scores which will give them a 

reason to continue working hard. Frustration can occur when students don’t get 

timely feedback or help when faced with difficulties and students can’t follow the 

materials taught timely and they feel left behind. In addition, some students feel 

frustrated when they are faced with complicated assignments and projects that can’t 

be divided into smaller problems. Also, students pointed out that it is useful to share 

coding solutions and the different ways of solving a problem. Students mentioned 

that it is good to have a feeling of competition in solving problems. Disengagement 

can also happen to good students who feel that the subject is easy and boring. 

CHAPTER FIVE: THE MODEL, provided the technical details of the suggested 

technical solution and the design decisions obtained from usage data that were used 

in each of the systems iterations. 

Adaptive systems differ in their implementation based on the aspects of the design 

that need to be emphasized and improved in the system. In this work the emphasis 

was on increasing students’ engagement while learning programming. This was 
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reflected in the design by involving the students early on in the implementation of 

the solution and studying their current situation and the aspects that they needed to 

be provided to achieve better engagement.  

There were three iterations in developing this technical solution. Attributes that 

represents students were added incrementally for each of the system’s iterations. 

The design of the first iteration of DrSUST had the following attributes: (1) All the 

teaching materials were in Arabic. (2) Limited navigation was allowed based on the 

navigation pointer. 

The design of the second iteration of DrSUST had the following attributes: (1) 

preferred learning language was set to be one of the attributes in student model and 

hence it will define which part of the system to navigate. And (2) the quizzes were 

divided and submission is done in question base, also students can skip some 

questions and try them later: positive feedback was received on the questions design. 

Further improvements in the third iteration of DrSUST were as follows: revising of 

the consistency of English materials and it is Arabic translation was performed. 

Modification on the ease of navigation was also provided. 

From the results it can be seen that students have different styles in covering the 

syllabus. Some tend to scan most of the lecture notes as a first round in studying the 

syllabus before attempting any quizzes or exercises (holist) while some students will 

study and perform additional activities before moving to advanced topics (serialist).  

8.3 Future work 

The developed system aimed to make students practice programming without 

frustration or fear of marking. Scaffolding in programming was performed manually 

in this version of the system. Automating the scaffolding by providing hints/ help 

and generating hints can be performed using machine learning techniques. And thus 

this system can be used to serve a larger set of users. 

Currently, accessing the system is not part of the programming course. That is to say, 

doing the assignments and getting the feedback is optional. A suitable method of 
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integrating this site as part of the Java programming course could lead to more 

practice and commitment on using it and benefiting from the services.  

8.4 Conclusion 

Adaptive systems differ in their implementation based on the aspects of the design 

that need to be emphasized and improved. In this work the emphasis was on 

increasing students’ engagement while learning programming. This was reflected in 

the design by involving the students early on in the implementation of the solution, 

studying their current situation and the aspects that they needed to be provided to 

achieve better engagement. There were three iterations in developing this technical 

solution. Attributes that represents students were added incrementally for each of the 

system’s iterations. Requirements were perceived from students’ needs and 

personalized systems survey and attributes that can increase engagement were 

identified. In building the system students’ engagement attributes were divided to 

generic attributes which were used as guidelines when implementing the system and 

attributes that are part of the students’ model i.e. personalized attributes. Generic 

attributes are attributes that affect the general design of the system i.e.: Simplified 

explanation, Quizzes with immediate feedback, Anonymous Assistant, Devices used 

for accessing the system and Chatting help and support from lecturers and 

colleagues. The personalized attributes are attributes that represents features of 

individual students and they were: Contents language, Controlled navigation vs. free 

navigation, Unlocking exercises’ solutions, Level, Q_level, Ex_level, and Learning 

Styles (holist/serialist). The attributes that reflect students’ engagement were: making 

comments, click rates, overall coverage of materials and the duration in using the 

system. 

The online adaptive system DrSUST, that help students adaptively to learn the 

introductory programming course is built and made accessible to students via several 

versions. Requirements were perceived from students’ needs and personalized 

systems survey and several factors that can increase engagement were identified. 

Engagement of students with the system was assessed and measure using the metrics 

discussed in chapter seven. Log data concerning students’ behavior is made available 

for further study (navigation data set). 
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The objectives were met as presented by the three artifacts:  Firstly: the construct 

language (Engagement attributes) from literature, from the results of the survey, and 

from some of the attributes defining students’ engagement at SUST in learning 

programming were identified by analyzing log data/ in the developed online adaptive 

system that was available to students. Secondly: the model- shows general guidelines 

for implementing and engaging adaptive system for learning and the model. And 

finally: the instantiation (DrSust) - implementation of the model was performed in 

several iterations. 
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