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ABSTRACT 
 

New methods and opportunities for learning have appeared through the arrival of electronic learning 
frameworks. Over the past few years, several eLearning environments have been created by experts in 
the field to make collaborative teaching possible for both teachers and learners. Project OpenDSA is 
an online, open source, interactive data structures and algorithms course with the objective of 
developing a complete interactive book for courses in data structures and algorithms. Though 
designed with the purpose of enhancing efficiency in student learning in mind, some of the chapters 
have proved quite challenging for the students. The chapter under scrutiny in this thesis has to do with 
algorithm analysis. Students have struggled with this particular chapter more than with any other.  

The purpose of this thesis project is to discover the roots of the aforementioned challenges 
and devise creative and student-friendly tools and interactions for overcoming the learning obstacles. 
The first step this thesis has taken towards tackling the learning challenges in this chapter, has been to 
create a visualization for a set of growth rate functions inside an online graphing calculator. The next 
implementation step has been to create novel exercise types for the chapter summary exercises. The 
following five interactive question types for this chapter have been implemented: Matching questions, 
Ordering questions, Fill-in-the-blank questions, Error-guessing questions, and multiple-choice 
questions on code snippets. At least two sample questions for each of these question types have been 
developed.	
 
Keywords: Algorithm Analysis, Algorithm Visualization, Computer Science, Computer Science 
Education, Data Structures and Algorithms. 
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PREFACE 
 

Education and learning have long been areas of great interest to me. I remember that I used to 
constantly find myself in situations of tutoring different individuals and groups of people and 
instructing them in effective ways by which they could grasp the information in a systematic manner, 
after which they would encourage me through their positive feedback by saying how much I had been 
able to teach them. Having many such positive experiences in my early life, and having been equipped 
with the proper education, I chose to pursue a teaching career for several years after completing my 
bachelor’s degree, during which time I became involved with the idea of developing an eLearning 
platform for the institute at which I was working and teaching. The fact that I had completed my 
bachelor’s degree in the field of computer science, together with my teaching experience, made me a 
good candidate for participating in developing such a platform. We developed a complete online 
course from start to finish, including various course materials, exams, quizzes, and so forth. 

Although many traditional classroom teachers, except for me of course, were a bit skeptical 
about the whole eLearning idea, since they imagined that the system might eventually replace them in 
virtual classrooms due to its high level of availability and scalability, we did a good job of gaining 
their support by emphasizing the real reasons behind the need for eLearning, which were as follows: 
the fast changing nature of technology, the high demand for skilled teachers like them throughout the 
country, the lack of experts in their field of expertise, and the inability of some students to attend 
traditional classrooms for various reasons. After we finished implementing the system and the system 
had been in place for a few months, we found that both students and teachers were quite content with 
and grateful for the online learning platform. Many teachers realized that their initial ideas about the 
eLearning project—that it would make them redundant—had been incorrect and that the students now 
had at their disposal a very intuitive and flexible online learning system, one in which they were not 
bound to certain classroom hours and physical locations. 

Based on this experience, I went on to challenge myself with several courses on user 
experience and interaction while working on my master’s degree here in Finland. I found the courses 
tremendously interesting. Moreover, after doing some research at the different labs in our department 
and after looking into the different projects and research fields that they were involved in, I was 
introduced to an eLearning project called eMath, which is a European Union project having to do with 
creating a new method for teaching high school mathematics. I did some research on this project to 
find out more about it and how I might be able to find a thesis topic related to it, but eventually it did 
not work out. After finding out about OpenDSA, I became quite interested in it and realized this 
would actually be the platform for my thesis project, as it was a perfect match with my field of interest 
and prior experience. Since OpenDSA is a large-scale project that had already been going on for a 
number of years before my involvement, it took me quite a while to dig in, find the right people and 
connections, and become familiar with the current platform technologies. My supervisor was always 
there to help me through this process, for which I am very grateful. OpenDSA is a joint project 
between Åbo Akademi University, which is my home university, and Virginia Tech in the United 
States. 

After sitting down with the project team and leader during their visit to Åbo Akademi 
University, and after a number of different consulting sessions with my supervisor, I chose to mainly 
work on designing and implementing different types of interactive chapter summary exercises and 
visualizations in a way that would facilitate the learning of the complex algorithm analysis chapter. 
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CHAPTER 1 
 

INTRODUCTION 
 

This chapter provides an overview of the thesis, together with the motivation behind it. 
 
1.1 Context 
 

he intricacy of living in the twenty-first century has led to the increasing need for students 
at different educational levels to be supported in constant learning [2]. Personal learning 
environments have been developed to address this need and people nowadays tend to 
sometimes even prefer such forms of support over conventional classroom environments 
for various reasons. Consider the case of a person living and working hundreds or maybe 

even thousands of kilometers away from where a course is actually being held. In a conventional 
classroom setting, this individual would need to travel all the way to where the class is being held for 
every single session of the course. Much time and money would have to be spent for this individual to 
be able to attend the class. Moreover, the classroom time is also another strict restriction that the 
attendant has to keep in mind. However, in a personal learning environment, not only does this 
individual not need to spend lots of money and time attending the class, but also he or she could use 
the course material at his or her own convenience and not be bound by the time aspect of a 
conventional classroom. 

A personal learning environment could be as simple as an interactive eBook or as complex as 
a complete virtual learning environment comprised of a combination of interactive content, blogs, 
feeds, podcast widgets, video and text chat, and so forth [1]. On the other hand, each of these modules 
could have varying levels of complexity. For instance, one interactive eBook could have many in-
depth features and be, in practice, far more complex than a virtual learning environment that is 
comprised of different tools and gadgets. One factor that specifically shapes and defines the level of 
complexity of these platforms is the intended audience. A complete virtual learning environment that 
is developed for small children needs to have far less complexity than an online eBook developed for 
college-level students. Moreover, the modules would need to utilize different presentation techniques 
in the process of developing the interactive course content. 

One example of a personal learning environment is the OpenDSA project [9], which is short 
for Open Source Interactive Data Structures and Algorithms and is mainly aimed at college level 
students. As the title rightly suggests, its goal is to develop a comprehensive online and interactive 
textbook for courses in data structures and algorithms (DSA), which is a mandatory and crucial 
subject in the field of computer science (CS). The textbook is comprised of several chapters dealing 
with different issues pertinent to the topic, among which my work mostly focuses on the algorithm 
analysis (AA) chapter. The main reason behind this choice was the result of my communication with 
the project leader and team, who maintained that this chapter has been the most intricate and difficult 
to learn for students out of all the chapters. AA mainly deals with calculating the amount of resources 
necessary to execute certain algorithms. Due to the nature of its topic, AA is heavily dependent on 
mathematical formulas and content that in most cases could lead to difficulty in acquiring a deep 
understanding of the subject by students and also cause them to lose focus and become bored. On the 
other hand, it also requires an acceptable level of mathematical proficiency by the students, and since 
some undergraduate students have a tendency to evade mathematics courses, this on its own could 
pose yet another challenge in understanding. 

However, there is a strong emphasis on interaction in general in OpenDSA, which makes it 
uniquely different from conventional paperbound textbooks. Since students can sometimes easily 
become bored and lose focus while studying a book, incorporating interactive activities in an eBook 
can help minimize this problem. Now these interactive activities can have varying forms and be 
implemented in different locations, such as directly inside the main content and text as illustrations or 
as simple and small games, or else inside chapter summary exercises. The main objective of this thesis 
project is twofold. First, it carries out theoretical research on algorithm analysis, visualizations, 
evaluation methods, and their history in CS and provides an overview of the OpenDSA platform. 
Second, the thesis implements new visualizations and interactive types of questions for the AA 
chapter in the OpenDSA platform to help learners in the challenging process of learning this chapter. 
 
 

T 
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1.2 Motivation 
 
My background of working as a teacher for several years after finishing my studies at the bachelor’s 
degree level led me to see the world around me from a different perspective and to learn a great deal 
about different educational methods and mechanisms. It was as if my eyes were opened to a whole 
new realm of viewpoints in life after that experience. Furthermore, along with my teaching 
experience, I had been studying CS since high school. After graduating with a vocational degree in 
CS, I further studied CS for two more academic degrees, namely an associate’s degree and a 
bachelor’s degree. Each of these factors played a large role in motivating me to pursue this particular 
thesis project. 

My job experience as an innovation expert, in which I took part in developing a complete 
distance-learning platform for the institute that I was working for at the time, was yet another 
contributing factor behind my desire to pursue this thesis project. My role in that project was to design 
and develop interactive teaching material and also to regulate online exams and act as a platform 
support teacher. Consequently, the main groundwork that contributed to the motivation behind this 
thesis project had to do with a multidisciplinary combination of my academic and work experience 
together with my tangible work experience in the field of electronic and distance learning. 

The particular project I worked on as part of this thesis is OpenDSA. As part of the ongoing 
OpenDSA project, eTextbook content has already been published online. The developers have access 
to the content for the purpose of continued development. After a few discussion sessions with my 
supervisor and the OpenDSA team, it turned out that the chapter in need of the most development 
efforts is the one on AA due to the difficult nature of the topic and the students’ consistent problems 
in learning this specific chapter. Therefore, I took on the responsibility of further developing this 
chapter. The focus from the start was to develop new types of interactive visualizations and exercises 
to help students in the process of learning and understanding the chapter better. 

 The main concepts that this chapter deals with in general are asymptotic AA, the growth 
rates of different algorithms, and calculating program running times. Concepts such as the upper 
bound and lower bound of an algorithm’s time complexity are discussed as sub-sections to the larger 
notion of asymptotic AA, each of which is a mathematical function with a formal definition. The 
following definition is an accurate way of describing an upper bound, in which T (n) symbolizes the 
true running time of the algorithm and f (n) is an expression of the upper bound [16, 150]: 

  
For T (n) a non-negative function, T (n) is in set O (f (n)) if there exist 
two positive constants a and b such that T (n) ≤ af (n) for all n > b. 
 

The chapter also discusses such ideas as classifying functions in asymptotic AA [16, 150]: 
 

Given functions f (n) and k (n) whose growth rates are indicated as 
algebraic equations, we would like to decide if one grows faster than 
the other. The best way to accomplish this is to take the limit of the 
functions as n grows towards infinity. If the limit goes to infinity, then f 
(n) is in Ω (k (n)), if the limit goes to some constant apart from zero, 
then f (n) = Θ (k (n)), and if the limit goes to zero, then f (n) is in O (k 
(n)).  

 
The examples presented above clearly demonstrate the purely mathematical nature of the 

content of this chapter, which makes it difficult for students to grasp and learn. This signifies the 
importance of developing new visualizations and interactive types of questions in different sections of 
this chapter to help students learn these particular mathematical notions.	
	
 
1.3 Structure of the Thesis 
 
I began this thesis project by going through the course content of the AA chapter and taking notes on 
how to improve the presentation of the material. Though I was already familiar with the ideas and 
chapter content from my past studies, the review process helped me revisit my understanding of the 
topic and come up with a good estimate of its clarity of presentation and level of difficulty from a 
teacher’s perspective. Eventually, I finished going through the whole chapter and wrote down every 
innovative idea that came to mind, which I deemed would be helpful in the chapter’s presentation and 
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in terms of the ability of students to understand it. The resulting report was sent to the OpenDSA team 
to start revising the chapter content based on these innovative ideas, which will be carried out as 
future work. 

The thesis consists of two main parts: research overview and implementation. The research 
overview is mainly presented in chapters 2 and 3 of this thesis, whereas chapters 5 and 6 focus on the 
implementation process. The research overview part has five main subsections: algorithm analysis in 
CS education, visualizations in CS education, evaluation methods in CS education, from paper books 
to PDFs to interactive eBooks, and OpenDSA. The implementation part has two main subsections: 
material development and empirical evaluation. Chapter 4 presents the methodology, chapter 7 
provides the discussion, and finally, chapter 8 provides some conclusions. 
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CHAPTER 2 
 

BACKGROUND 
 

This chapter provides the concise scientific background behind the algorithm analysis, visualizations, 
and evaluation methods in CS education. Moreover, interactive eBooks and eTextbooks are briefly 
introduced. 
 
 
2.1 Algorithm Analysis in CS Education 
 
2.1.1 Algorithms 
 
An algorithm is any distinct computational procedure that takes a set of values as input and constructs 
a set of values as output. Thereby, an algorithm is a succession of computational steps that transforms 
the input into the output. An algorithm can also be considered as a measure to solve a specified 
computational problem. The problem declaration states the input/output relationship in conventional 
terms. The algorithm reports a certain computational procedure for attaining that input/output 
relationship. An algorithm is called correct if, for all input instances, it halts with the correct output. 
We maintain that a correct algorithm solves the specified computational problem. An incorrect 
algorithm, on the other hand, might halt at an incorrect answer. [153, 154, 164.] 

If computer memory was free and computers were fast without limit, would one have any 
reason to study algorithms? The answer is yes, since one would still need to show that a solution 
procedure terminates and gives the correct answer. If computers were infinitely fast, any correct 
procedure for resolving a problem would do. However, one would most likely want her/his 
implementation to fall within the bounds of good software engineering practice, but she/he would 
most probably use whatever method was the simplest to implement. Computers may be fast, but they 
are not infinitely fast. Furthermore, memory may be cheap, but it is not free. Hence, computing time 
and memory space are limited resources. Algorithms that are efficient with regards to time and space 
will help one use these assets prudently. [153.] 

 
 

2.1.2 Analysis of Algorithms 
 

One reason why an algorithm is analyzed is to find its characteristics as a means to evaluate 
its suitability for different applications or to compare it with other algorithms for the same application. 
The attributes demanding attention are usually the main resources of time and space, in particular 
time. In other words, we are interested in finding out how long an implementation of a specific 
algorithm will run on a certain computer and how much space it will need. We normally try to keep 
the analysis separate from particular implementations. We focus rather on acquiring results for 
necessary characteristics of the algorithm that can be used to obtain accurate estimates of resource 
needs on difference machines. [151.] 

The expression “analysis of algorithms” has been used to recount two divergent common 
approaches to settling the research of the performance of computer programs on a technological basis. 
The first, made popular by Aho et al. [152] and Cormen et al. [153] focuses on specifying the growth 
of the worst-case rendering of the algorithm. The second approach to the analysis of algorithms, made 
popular by Knuth [154, 155, 156, 157, 158], focuses on accurate characterizations of the worst-case, 
best-case, and average-case performance of algorithms utilizing a methodology that can be improved 
to manufacture accurate answers when desired. 

Although the speed of hardware computation of basic operations has been considerably 
enhanced, efficiency still matters a great deal even in this day and age. This is because our hunger for 
computer applications has increased along with computer power. Many fields require a great increase 
in computation speed. Such areas include the simulation of continuous systems, medical applications, 
high-resolution graphics, information systems, and physical data interpretation. Furthermore, an 
algorithm may be so inefficient that, even with the speed of computation dramatically increased, it 
would not be viable to attain a result within a practical period of time. The time that the majority of 
algorithms take to execute is a non-linear function of the input size. This can lower their potential to 
benefit from the increase in speed when the size of input is large. [159.] 
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2.1.3 Learning in Analysis of Algorithms 
 
Students usually struggle with learning different concepts in the analysis of algorithms. One 

reason behind this struggle is their poor math skills and problem solving abilities [8]. Mathematics is 
the main fundament behind the analysis of algorithms; therefore, students need to develop a good 
understanding of certain mathematical concepts, such as relations, summations, and logarithms, in 
order to successfully learn to analyze algorithms. Students who have a good background in math tend 
to perform better in learning how to analyze algorithms [161]. They are better able to understand data 
relationships, algorithm design, and scientific computations. This helps them to be better at solving 
problems and producing good designs based on the requirements. [160.] 

The ability to solve problems is usually quite poor among computer science students. 
Beaubouef et al. [162] have explored ways to improve the problem-solving skills of computer science 
students. Students often have the most trouble solving basic word problems. The ability to solve a 
word problem is a math skill and it plays an important role in most computer science courses, 
including the analysis of algorithms. Students’ syntactical knowledge is usually not the problem. The 
problem lies in their inability to form the algorithm in the first place. [160.] 
 
 
2.2 Visualizations in CS Education 
 
2.2.1 Incentives and History 
 
Visualizations in computing have existed for several years, with one motivation for them having to do 
with the innate abstractness of the fundamental building blocks of this field [18]. Another important 
incentive behind the use of visualizations in CS education is to introduce changes to the already in-
place teaching and presentation methods in the field [18, 19, 20]. New Internet-based technologies, 
Massively Open Online Courses together with new forms of interactive content delivery, such as Code 
Academy [163] and Khan Academy [11], are instances of drivers for this change. In most cases 
visualization, automated assessment and multimedia together have been able to dramatically change 
the idea of textbook and the approach to CS teaching [19]. However, previous studies in these areas 
have primarily focused on integrating interactive content with a learning management system as 
opposed to more recent studies [24, 25]. 

 Visualization software first appeared in the late 1980s. Its main purpose was to help users 
interactively study and review graphical depictions of CS concepts [21, 22, 23]. When looking into 
the past, teachers used to cover blackboards and themselves with chalk when drawing complex figures 
depicting data structures and control flows, while still sometimes making mistakes in the process [20]. 
Today, computer-based visualization objects are capable of constructing physical depictions that 
would be difficult to create or make use of via other media [23]. Teachers and students of CS, together 
with programmers, make use of pictures and visualizations as aids to help convey and comprehend CS 
concepts nowadays [18, 20]. 

   
 

2.2.2 Effects of Visualizations on Learning 
 
Visualization can be a strong tool for presenting program behavior in CS, since programs are 

intrinsically chronological and temporal and can be clearly expressed by animated objects that depict 
their processing routines and the changes in their core states over time [19, 20]. Moreover, numerous 
algorithms use recurrent computations that can be viewed effectively when expressed as a moving 
picture, thereby helping learners deduce what the program is up to by recognizing structure and the 
relationships of cause and effect [20]. Figure 1 below shows a visualization for the insertion sort 
algorithm. Animating programs for different purposes is not a small endeavor, however, since nearly 
all computer programs contain many complicated elements and features [19, 20]. It is important to 
decide what part of the program and what data to denote, and the most appropriate time to update their 
depictions while the program is running; likewise, it is important to select suitable execution and 
representation times and try to increase the applicable characteristics and decrease irrelevant details 
when formulating transparent, organized, and appealing graphic designs [20]. 
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Figure 1. A visualization for the insertion sort algorithm. 

 
The work by Mayer et al. [33] on multimedia learning mostly indicates that providing 

learners with materials through multiple conduits is usually more effective than using a single means 
to convey information [3]. The advantages might be related to reductions in the cognitive load 
together with inherent distinctions in media for communicating specific types of information [3, 33, 
34]. Mayer et al. [33] argued that it is not a valid comparison to compare two forms of media, such as 
text and pictures, and ask whether one is better than the other for conveying the same information due 
to the fact that the same information cannot always be conveyed through two different means [3]. 
Instead, a better question would be to ask whether multiple information channels help learners build a 
better representation of the material [3]. 

In spite of the fact that most reviews of CS instructors propose a widespread belief that 
visualization technology influences learning in a favorable way, certain investigative studies done to 
prove the effectiveness of such visualization technology do not prove this point [18, 24, 26]. These 
particular studies indicate that from a learner’s point of view, visualization technology may not be 
beneficial; in contrast, from an educator’s point of view the visualization technology may just bring 
about too much overhead to make it worth the effort [18, 26]. However, close examination of past 
experimental studies on visualization effectiveness reveals that learners who are actively engaged with 
visualizations have generally performed better than those who passively view visualization technology 
[18, 26]. For instance, visualization technology has been effectively used to engage learners in 
activities such as answering planned questions about visualizations, forming their own input datasets, 
programming target algorithms, building their own visualizations, and making predictions concerning 
future visualization conditions [27, 28, 29, 30, 31, 32]. 

 
 

2.2.3 Animations and their Effects on Learning 
 

Animations could help learners be able to make and test better predictions about what is 
going to happen at each step of the algorithm [4, 35]. Learners can do a better job in their learning 
tasks when they are able to make clear predictions as compared to a scenario in which they only 
passively take in the information [3, 4, 35]. It is also possible for a learner to make predictions based 
on a static textual presentation of an algorithm, but the benefit of an animation is that it will naturally 
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encourage a learner to make predictions without pause and delay and will equip the learner with quick 
feedback about the correctness of their predictions [3, 4, 35]. 

In order to investigate the effects that animations might have on helping individuals 
understand an algorithm, it is important to define what we mean by “understand” [4]. Let us turn to a 
cognitive explanation of the understanding process [35, p. 5]. Tversky et al. [36] describe it as a 
congruence principle, whereas Scaife and Roger [37] try to explain the process as resemblance fallacy 
[35]. However, defining this term is still not a trivial task since understanding can be measured in 
various ways and there might be different types of understanding [4]. 

The use of algorithm animation does not automatically enhance learning since there are 
numerous other issues that also need to be taken into account [4, 35]. On the other hand, the level of 
importance of the algorithm animation’s design is so great that a poorly designed algorithm animation 
could even lead to a decrease in the efficiency of the learning process [3, 4, 35]. Simply putting an 
animation together and offering it to learners is not sufficient; thus, an accurate task analysis should be 
done to demonstrate precisely what knowledge the animation will be helping the learner acquire [3, 4, 
35]. 
 
 
2.3 Evaluation Methods in CS Education 
 
2.3.1 Definition and Computer-based Evaluation 
 
Evaluation is defined as the process of choosing, collecting, analyzing, and reporting valid 
information on the obtaining of educational objectives in order to facilitate making accurate 
judgments about the usefulness of teaching methods or an educational curricula [131]. However, 
several other authors have defined evaluation in different ways [132, 133, 134, 135, 136]. No matter 
how good the teacher, no matter how talented the students and how effective the teaching 
methodology, if no provision is made for a method by which the whole teacher-student interaction and 
learning process can be evaluated, then the educational efforts may be severely diminished [5]. 
Computers and electronic technology nowadays provide a multitude of ways to improve educational 
evaluation both in the classroom and in extensive testing environments [116]. With dynamic sound, 
visuals, user interaction, adaptivity to different test-takers, and the almost instantaneous reporting of 
results, computer-based evaluation broadly extends testing potential beyond the restrictions of 
conventional paper tests [116]. 

One inherent restriction to achieving the benefits of computer-based evaluation has to do 
with designing the types of tasks and questions through which computers can efficiently communicate 
with students while still collecting relevant measurement data [116]. One of the main question types 
in computer-based testing and numerous eLearning evaluations is the conventional multiple-choice 
question, which typically consists of a prompt followed by a set of answers; students then choose from 
among those answers [116]. According to some research, multiple-choice testing sometimes urges 
“poor attitudes toward learning and wrong deductions about its purpose” [117]. Nevertheless, 
tendencies toward genuine evaluation, performance evaluation, portfolio systems, dynamic 
assessment, and other methods favoring richer evaluations are usually based on resulting validity 
arguments about the harmful effects of limited evaluations in the classroom on both teaching and 
learning [118]. 

 
 

2.3.2 Media Inclusion 
 
Some reviewers claim that in practice, the multiple-choice question type relies heavily on 

well-structured problems with algorithmic answers, and that in theory it points to a view of learning 
whereby knowledge is treated as an addition rather than as an integral part of developing knowledge 
structures [119, 120, 121, 122, 123]. Scalise et al. [116] argue that by incorporating intermediate 
restriction types and altering the answers and forms of media inclusion, eLearning designers can 
develop a broad array of innovative evaluation approaches and match evaluation needs with proof for 
numerous instructional design purposes [116]. Examples of the various forms of media inclusion are 
numerous and include the multimedia-rich CRESST examples [124], simulations [125], and 
evaluations and tracking of problem-solving paths, such as those illustrated in Interactive Multimedia 
Exercises (IMMEX) [126]. 
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 However, scholars also admonish  using caution when dealing with media inclusion: “Any 
new feature added to the test that is not crucial to the variable the test is meant to measure is a possible 
threat to validity” [127]. Others warn evaluation developers that items should not make the examinee 
spend time doing unrelated mental exercise [128]. The automatic development of items, are dealt with 
in further innovations [116]. Automatic item generation involves methods such as templates for items 
used to generate numerous other items from one particular item [129]; it also includes item modeling, 
in which explanations of task details are formulated and then developed to fit different contexts or 
outlines, such as those that can be represented with some psychometric methods [130]. 

  
 

2.3.3 Evaluation Task Design 
 
The use of self-assessment questions and feedback is a method that can stimulate learning 

[137]. Therefore, these practices would also supposedly be beneficial in web-based learning [138, 
139], but actual assessments are few [141]. One study found necessary proof that medical students 
favored web-based learning modules that included self-assessment questions [140]. Alternative 
research in medical education that contrasted questions on a self-assessment basis to a less interactive, 
computer-assisted learning format showed no distinction [142, 143] or even found that students 
preferred the less interactive format [144]; however, a study by college students found a notable 
advantage in the question format [145]. Consequently, while self-assessment questions and feedback 
possesses theoretical potential, the evidence remains unconfirmed [141]. 

Evaluation task design is a rich and intricate realm in the quickly changing field of computer-
based evaluation, and it demands numerous considerations including interactivity, evaluation 
assembly statements, the course between items, learning interventions blended in the item flow, and 
considerations of item feedback. Many innovative question formats can be obtained from 
combinations or modifications of conventional types of question, and item formats across types can be 
varied depending on the area being measured and include novel media, such as audio, video, 
simulation, interactive graphics, and animation. [116.] 

Mislevy [146] argues that if the information offered by an innovative question type is no 
better than that provided by standard multiple-choice questions, then the innovation appears to be 
futile [116]. Innovations must offer an alternative that is better than what is available through 
conventional formats [116]. Moreover, Bennett [117] claims that a high degree of limitation in the 
answer does not automatically prevent constructive responses, which might well be possible with 
many multiple-choice questions [116]. Yet, one criticism of multiple-choice questions has been that 
they are often too easily written to assess low-order skills that do not demand notable construction 
[116]. 
 
 
2.4 From Paper Books to PDFs to Interactive eBooks 
 
2.4.1 eBooks 
 
There is a long history behind the method of printing books. Printed transmission of ideas has ranged 
from prehistoric cave paintings to clay tablets to carved prints on woodblocks, followed by the 
invention of moveable type. Thus, books have existed for a very long time and only their form and 
structure have changed gradually over time. Though, it might not be possible for a typical twenty-first 
century individual to understand cave paintings dating back to the time of the Egyptian pharaohs or 
stone tablet carvings belonging to the Persians of nearly 2,500 years ago, once translated into any of 
the modern languages it becomes clear that people living thousands of years ago were actually doing 
the same thing as us when it comes to written forms of knowledge, only using different means. [6.] 

Nowadays, however, electronic books (eBooks) have become universally accepted and quite 
standard [7]. Even though the first type of eBook, called Dynabooks, was envisioned by Alan Kay 
already in 1968 [39], the market and the public did not recognize the potential of eBooks until the turn 
of the last century [40]. The evolution of eBooks can be seen as a part of e-publishing, which dates 
back to the 1960s [41]. According to Ardito [42], the expression “electronic book” was coined by van 
Dam at Brown University in Providence, Rhode Island, during the 1960s when he was working on 
hypertext systems [41]. At that time, eBook readers entered the market and companies such as 
netLibrary, which were devoted exclusively to publishing and delivering computer-based eBooks, 
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were established [40]. Moreover, various software for enhancing the display of eBooks were 
developed, and a growing number of eBook titles were made available to the public [40]. 

Nevertheless, the eBook boom lasted for only about two years, after which the financial 
market started to decline [40]. The situation became tough for eBooks when eBook divisions such as 
Random House were closed and the renowned eBook provider, netLibrary, also went out of business 
[40, 43]. Clifford Lynch declared in 2001 that “imprecise and erratic terminology has been a big 
source of confusion in the publicity of eBooks, and a barrier to untangling the issues involved” [41, 
44].  

Lynch continues by explaining how it is important to differentiate between an eBook and the 
physical device used for reading a digital book [41]. The definition of an eBook provided by 
Armstrong et al. [45] has been received favorably by many scholars:   

 
Any portion of electronic text regardless of size or structure, but 
excluding journal publications, made accessible electronically or 
optically for any device including handheld or desk-bound that includes 
a screen. 
 

Another definition provided by Appleton [46] refers to an eBook as follows: 
 

Content that has been made available in digital form through an 
Internet connection and shown on a computer display and authorizes 
pages to be downloaded and printed locally. 

 
 

2.4.2 eTextbooks 
 
The dream of producing electronic textbooks has now been pursued for more than two 

decades, with goals such as improving exposition by means of a richer collection of technologies than 
are accessible through textbooks [18, 47]. As of April 2011, eBook sales have outpaced the sale of 
conventional books on Amazon.com [48], and they continue to increase as a share of the market [49, 
50]. Nonetheless, eTextbook sales have yet to take off at the college level [51]. Reviews of student 
perceptions of eTextbooks constantly indicate a lack of interest, which seems not to be positively 
affected by familiarity and prior use [52, 53]. Evidently, eBooks and eTextbooks are not identical 
products [54]. Unlike eBooks, which are typically read for individual goals and pleasure, eTextbook 
readers have the added incentive of learning and sometimes even memorizing portions of the text 
[50]. Assuredly, textbooks are constructed with these objectives in mind [50]. Although looking much 
the same as a textbook page, most students do not view eTextbooks as useful alternatives for meeting 
these objectives [53]. 

Studies have found that students whose objectives often revolve around effectiveness more 
than learning impact [55] tend to prefer educational tactics that are not connected with learning [56, 
57, 58, 59, 60]. This preference is not exclusive to university students, however, since humans in 
general are bad evaluators of how much they know [61]. Even though students may not make the best 
starting choices, there is proof that they do tend to make more effective decisions with suitable 
feedback [62]. When alerted to some of the advantages of using student-level technology in an 
academic environment, Clyde [63] notes that students do perceive a number of possible benefits that 
eTextbooks have over their paper-based equivalents [50]. One advantage is the greater level of 
flexibility and accessibility of eTextbooks over paper textbooks [64, 65, 66, 67].  

If eTextbooks are to become a helpful option for college students, it is necessary to explore 
the possible learning influence of text delivered via this medium [50]. Some studies that have directly 
evaluated student performance and retention rates for material delivered through eTextbooks have 
found that learning may not be hindered as a result of this delivery method [52, 68]. On the other 
hand, questions remain concerning the differences between students’ interactions with print and 
electronic media with respect to levels of tiredness [69], text scanning methods [70], and other aspects 
pertinent to learning [71]. With no variations in understanding, eTextbooks could be less effective 
than paper textbooks since students take notably longer to read eTextbooks than paper versions of the 
text [63]. This time difference could be because of the additional audio and visual parts the 
eTextbooks possess over paper textbooks or because of issues related to reading from a screen [50]. 
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2.4.3 Effects of eTextbooks on Learning 
 
Learning can be influenced by both the style of the text and the means by which the text is 

employed [72, 73, 74, 75]. Research in higher education settings has centered mainly on faculty and 
student choices regarding eTextbook formats [52, 53, 76, 77, 78, 79]. Only a few studies have 
investigated the impact of eTextbooks on college students’ affective, cognitive, and psychomotor 
learning [80]. Moreover, many studies have not taken the medium used to obtain the eTextbook into 
account [53]. Hence, more research in this area is needed [81]. Most studies on eBooks define them as 
texts that are digital and accessed in the form of electronic displays [80]. eTextbooks are found in two 
formats: page-fidelity eTextbooks and reflowable digital eTextbooks [82, 83, 84, 85]. Page-fidelity 
eTextbooks are scanned versions of the paper text [80]. For instance, a PDF file with no active media, 
no dynamic web links, and no potential to change font or pictures could be an example of a page-
fidelity eTextbook [80]. Reflowable eTextbooks, on the other hand, use an open format system that 
encompasses dynamic media and permits users to alter both the structure and the interactive attributes 
of the eTextbook to fit the display medium [85]. 

Current technologies for eReaders provide reflowable text to support the scholarly use of 
electronic textbooks on every electronic device, including handheld devices [86, 87]. Nevertheless, 
most of the research to date on eTextbooks has been carried out using static computer displays and 
page-fidelity text [52, 73, 82, 88, 89, 90, 91]. Although psychological theories about learning claim 
that there is a connection between context and cognition [92], little research has been done on 
reflowable text and the impact of the improved features of eTextbooks on mobile technologies [81]. 
Furthermore, some studies suggest that recall and retrieval is poorer when reading from an eText 
compared with a paper text [82, 88, 93, 94].  

Several reasons for the contradictory results have been stated, most notably the effect of 
passage length on learning [80]. Studies involving shorter reading sessions found no difference with 
respect to reading comprehension [73, 95]. In contrast, studies involving longer texts showed poorer 
understanding due to eye fatigue and mental workload [72, 77]. Thus, Kang et al. [77] argued that the 
lower contrast resolution on computers and handheld screens compared to paper books might lead to 
eye fatigue when reading for longer periods of time [80]. This study suggests that college students 
who choose to read many pages of text on a screen may undergo more eye fatigue and mental 
workload than their counterparts who choose paper textbooks [80]. This mental weariness and 
eyestrain could eventually lead to poorer understanding and less effective learning [80]. 
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CHAPTER 3 
 

OPENDSA 
 

This chapter provides an in-depth introduction to the OpenDSA platform. 
 
 
3.1 Algorithm Visualizations 
 
Courses in DSA play an important role in any CS study program [108], determining the turnaround 
time from learning programming to learning CS [8]. Although this change happens gradually over 
time, students often find this topic difficult to understand since most of the content has to do with the 
dynamic operations of algorithms, their effects on data structures, and their growth rates [8]. 
Moreover, it is exceedingly difficult to convey the concept behind dynamic processes using static 
presentation techniques, such as text and images from a textbook [8]. To enhance students’ 
comprehension of DSA subjects, many Algorithm Visualization (AV) systems have been created that 
support a variety of algorithms and various engagement tactics [96].  

 AV has a long history of success in the classroom [97, 98, 99]. However, many of those who 
support AVs have been disappointed by how the absence of comprehensive classroom adoption fails 
to support the needs expressed by students and teachers for AVs in surveys [18, 100]. One of the main 
obstacles to adoption is the difficulty of fitting AVs in as supplements to current lecture material, 
which numerous initiatives have tackled by combining visualizations with learning material [24, 101, 
102]. The main determinant of pedagogical worth for AVs, however, seems to be associated with the 
level of user engagement and the amount of interactivity [18, 26, 103]. Although numerous AVs have 
been produced, a large number of them are of low quality in terms of their general utility and usability 
[99]. Consequently, it is fair to believe that a poorly designed and implemented AV would lead to low 
educational productiveness [104].  

  
 

3.2 OpenDSA Objectives 
 

OpenDSA is short for Open Source Interactive Data Structures and Algorithms. This project 
works towards solving the problems mentioned in the section above by providing complete instruction 
units on all of the traditional topics in a DSA course [8]. OpenDSA was initiated in 2011 [9, 47, 105]; 
the collaborating institutions include Virginia Tech, the University of Wisconsin-Oshkosh, and Aalto 
University in Helsinki [104]. OpenDSA was developed in part as a means for overcoming some of the 
obstacles to AV adoption reported by teachers [18, 100]. The OpenDSA project tries to supply full 
instructional materials for a DSA course [104]. Furthermore, since all exercises in OpenDSA are 
evaluated automatically, students benefit from more practice than is customary for such a course by 
working on OpenDSA exercises [104]. OpenDSA was designed based on the AV community’s 
experience after decades of research on developing educationally useful AVs and AV systems [104]. 
Some characteristics are intentionally modeled on other successful open source projects, with the 
hopes of establishing community involvement in the adoption, design, and implementation of the 
project [104]. 

 The objective of OpenDSA is to create a completely open-source and online electronic 
textbook for DSA courses, one that combines traditional textbook text with different AVs and an 
abundant collection of interactive exercises as a set of tutorials implemented via HTML5 technology. 
This method of implementation guarantees availability for use on any modern browser with no need 
for any additional plugins or software, and it also provides the possibility of running on tablets and 
many mobile devices. The content material in OpenDSA modules are in the form of text, slideshow, 
simulations, and different types of evaluation questions. The assessment method for all the questions 
is based on an immediate feedback response to students as to whether or not the question was 
answered correctly. [8.] 

 OpenDSA can be freely reused, modified, and redistributed since it is distributed using the 
MIT license [104]. Moreover, OpenDSA supports the reuse of content by course teachers [104]. Since 
the authoring environment uses reStructuredText [106], instructors can easily modify the contents of 
the modules [104]. Instructors can also select from among existing materials using a configuration file 
that can be used to make a book instance with the particular materials that they want [104].  
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The following are the educational goals of OpenDSA [8]: 
 

1. Material presentation in a way that makes learning easier using 
leverage technology. Surveys have revealed favorable attitudes towards 
AVs by both instructors and students [18, 100, 109]. Though it is not 
easy to evaluate the pedagogical effectiveness of AVs, a number of AV 
systems have led to the advancement of learners’ performance [26, 
103]. Therefore, it is important to deliver AVs to a broad audience. 

 
2. Incorporate activities to engage and inspire students. AVs could result 

in higher student engagement levels. The taxonomy put forth by Naps 
et al. [18] defines an order for learner engagement. Higher levels of 
engagement provide a better interactive experience with the technology 
for learners. Therefore, delivering materials that provide meaningful 
engagement is of high priority. 

 
3. Include assessments to estimate how well students learn. Each module 

should have methods for evaluating how well a student understands the 
concepts being presented. Self-evaluation can boost a learner’s 
motivation, increase a student’s ability to guide her or his own learning, 
and promote the learning process in general [110, 111]. 

 
 

3.3 JSAV 
 
Support for AVs is essential to the eTextbook concept; therefore, it is also one of the main 

requirements for OpenDSA [104]. AVs are made in the JavaScript Algorithm Visualization (JSAV) 
library [96, 107] which is an open source project itself [104]. JSAV is written in JavaScript and 
supports the development of AVs for HTML5 [96]. A reader who knows the history of AVs might 
question the necessity for yet another AV support system, given that so many exist already [96]. The 
two main incentives for JSAV are as follows [96]: 
 

1. With the unavoidable downfall of Java, an HTML5-based solution 
should be used. There is not much existing support for AV 
development in JavaScript. Currently, there are only a few other 
significant AV development efforts in HTML5, all of which lack some 
key characteristics required by effective AVs. 
 

2. JSAV includes features designed to enable the development of AV-
based tasks that require vigorous learning tactics, and visual themes 
that can be simply combined with online lessons. Specifically, the 
JSAV API maintains particular features for developing visual algorithm 
simulation tasks, together with support for integrating AVs with 
tutorials. 

 
JSAV’s user interface is HTML, with the functionality embedded in JavaScript and the 

design defined using CSS. Therefore, its platform currently has the broadest potential audience. JSAV 
also makes use of some high-quality JavaScript libraries, and it utilizes jQuery to help in settling 
browser differences when working with the DOM. jQueryUI applies animation effects and element 
locations. Raphael simplifies the use of SVG to animate changes to the visual primitives. Furthermore, 
MathJax is used to process mathematics defined in the LaTeX format. JSAV formally supports all 
current versions of Safari, Chrome, and Firefox browsers, since it has been completely tested by 
students for each of these platforms. JSAV is an open source platform, is distributed under the MIT 
license, and its source is available from GitHub. [112.] 

One of JSAV’s most novel features is its support for proficiency exercises, demanding that 
students simulate the functions of an algorithm by, for instance, clicking on tree nodes or array indices 
to exchange the items. Students are basically building their own AV, albeit within boundaries that the 
exercise developer has offered to authorize student control. This student-centered AV can be 
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evaluated automatically by comparing it to a model solution that is available for students to observe as 
a JSAV slideshow. Figure 2 shows an example of the Quicksort proficiency exercise. [112.] 

 
 

 
Figure 2. A proficiency exercise for Quicksort. The main components include guidelines, feedback  

for grading, and the interactive user interface. 
 

 
3.4 OpenDSA Architecture 

 
The eTextbooks generated in OpenDSA work by means of a client-server implementation, as 

shown in figure 3. This figure provides an overview of the OpenDSA architecture. The content server 
delivers the HTML documents along with embedded visualizations and exercises that constitute the 
eTextbook. The data collection server is a web application that is built using the Django framework 
with a MySQL database for the sake of data persistence. Since OpenDSA aims to combine text, 
dynamic content, and automatic assessment, the authoring tool needs to produce content in a web-
accessible form while also providing a way to glue the dynamic elements, such as the AVs and 
exercises that would not be normally produced using the authoring system, together. [8.] 

 
 

 
 

Figure 3. Overview of the OpenDSA architecture [8]. 
 

 
The architecture of OpenDSA is driven by the following factors [8]: 
 

1. The instructor for a specific course needs to have control over the 
content to make use of existing materials, to select from among existing 
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materials, or to make changes to or add to existing materials. This 
specifies the fact that the nature of the licensing structure should be 
open source and the authoring system user friendly, it should be easy to 
modify content, and it should also be easy to select and choose different 
dynamic components, such as visualizations and exercises. 

 
2. Since one of the main features of the system will be the inclusion of 

AVs, the system must have the capacity to support the presentation of 
dynamic content, such as visualizations and interactive exercises. 
Though the ease of authoring dynamic content is important, it is not 
considered a core requirement for the system. However, the ease of 
reusing AV modules within different formations of the content is a 
crucial requirement. 

 
3. Another principal requirement of the system is support for a broad and 

flexible range of interactive exercises with automated evaluation. The 
system should be able to support all kinds of exercises, from multiple-
choice questions to random problem instances for interactive exercises 
with modern user interfaces. However, as mentioned above, the 
reusability of the exercises is of greater concern than the ease of their 
authoring. 

 
4. Keeping track of student progress, such as which exercises are 

attempted and which are completed, is yet another core requirement of 
the system. It is important for both learners and instructors alike to see 
how one is progressing through the course, and since looking at the 
accomplished exercise tasks is one method of doing so, it is important 
to have that as a support feature. 

 
5. Various reasons would necessitate the existence of support for tracking 

student interactions with the content, which might well include support 
for evaluating the pedagogical effectiveness of different methods 
together with support for gathering data about the usability of system 
components that would enable future improvement. 

 
6. One additional requirement that could place several constraints on the 

content deployment technology is that the system needs to be easy to 
access and portable across a broad range of computing platforms. In 
this way, it would be easy to ensure that almost anyone would have the 
possibility to access the course content on any platform. 

 
 
3.5 Khan Academy 

 
With respect to the interactive content and exercises, automated exercise assessment is a 

major feature of OpenDSA. It provides students with the opportunity to practice quite often all aspects 
of the content they are studying in a DSA course. Various exercises exist in different forms and 
locations throughout a typical OpenDSA chapter, such as slideshows, visualizations, proficiency 
exercises, programming exercises, and chapter summary questions. The chapter summary questions 
make use of a range of standard question types, such as true/false, multiple-choice and fill-in-the-
blank questions, which generally do not take a long time to complete individually. While this type of 
exercise is considered to be less attractive than interactive question types, such as proficiency or 
programming exercises, they do play a significant role in OpenDSA, since well-crafted questions of 
these kinds can be quite useful pedagogically. Therefore, a rich infrastructure that can support these 
types of questions is crucial. [8.] 

The Khan Academy Exercise Infrastructure (KAEI) is used to store and present chapter 
summary questions in OpenDSA [8]. Khan Academy defines itself as “a non-for-profit with the 
objective of improving education by offering a free world class teaching for everyone everywhere” 
[113]. Khan Academy commenced in 2006 as a series of short YouTube videos developed by a person 
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with a laptop and an Internet connection [114]. Since then, the Khan Academy has grown into a series 
of thousands of video lessons that cover K–12 topics [114]. The site provides practice tests to gain 
skills; it also provides resources for teachers to track their students’ progress and help in case of need 
[114]. This free resource allows educators to obtain new information outside the classroom, and it 
allows teachers to use classroom time to strengthen learning and answer students’ questions [114]. 

The philosophy behind the Khan Academy is to offer content for nearly all subjects as a 
means of developing “the world’s first free, global, virtual school where everyone can learn 
anything”. This is in keeping with the suggestion by Bloom [115] regarding the success of one-to-one 
tutoring. Khan Academy offers individual tutoring for students free of charge and permits the solution 
to scale through the Internet. Khan Academy has lessons in science, the humanities, economics, math, 
and computer programming. The larger part of the Khan Academy learning environment involves 
watching a video description of the topic in question and engaging in self-evaluation exercises. 
Nonetheless, the learning environment for computer programming is different in the sense that it has a 
built-in code editor and execution pane. [113.] 

Apart from the exercise engine that OpenDSA makes use of, the Khan Academy offers an 
unmatched set of educational material for science and math education in the form of concise, free, and 
publicly available video clips. The clips are in 10–20 minute chunks, allowing the learner to fill in 
almost any of their knowledge gaps and providing a conversational style with a fresh and new 
perspective on math and science instruction. Using some large funding sources, such as Google and 
the Gates foundation, the Khan Academy aims to cover all topics that appear in normal high school or 
college level math and science courses, together with translating the videos into the major languages 
of the world. [11.] 
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CHAPTER 4 
 

METHODOLOGY 
 

The thesis work consisted of two main phases: material development and empirical evaluation. The 
material development phase consisted of going through the chapter on AA and taking notes while 
paying special attention to how the content is set forth and how effectively it is conveyed to the 
reader. Based on this review, suggestions for improvement were made. More important, however, was 
the design and implementation of new summary exercise types and sample questions based on these 
suggestions. 

The following materials were development during the material development phase: a 
graphing visualization, matching questions, ordering questions, fill-in-the-blank questions, error-
guessing questions, and multiple-choice questions. At least two sample questions were designed and 
developed for each of the aforementioned question types. The software platforms used during the 
material development phase are as follows: OpenDSA, KAEI, JavaScript, jQuery, jQueryUI, HTML5, 
and CSS. 

Empirical evaluation of the developed material was conducted with five CS students during 
their last year of study. All of the students had already taken courses on DSA, and they were thus 
familiar with AA. The study was conducted using a deep one-on-one evaluation approach that 
included a think-aloud protocol [10]. The evolution of this protocol is often ascribed to Ericsson and 
Simon [147], and the method has been used broadly in cognitive psychology research, usually to 
explore problem solving [10]. This method has been used to study human-computer interactions and 
evaluate new software [148, 149], often under the cover of “usability-testing” [10]. In this context, the 
study involved observing individual students while they used the newly implemented material. 

 The participants were given the freedom to return to and/or refer to any part of the testing 
material if they so desired and were asked to verbalize all thoughts that entered their heads at the time. 
There was no specific timetable for the prompts and they were posed in a manner that fit the needs of 
each individual student. The individuals present at each testing session were one student and myself, 
and each session lasted for less than 45 minutes. The testing sessions were carried out at different 
locations inside the ICT building. The results were arranged in the form of written reports. The 
learning results, consequently, were obtained by analyzing these written reports together with the 
information procured during the participants’ user interactions. 
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CHAPTER 5 
 

UPDATING OPENDSA 
 

An overview of the different stages of the implementation process together with the implementation 
work itself is provided in this chapter. 
 
 
5.1 Personal Experience 
 
5.1.1 Initial Impressions 
 
The first step after the conception of the first eBook around forty years ago [39] was to convert 
printed books into electronic format through only typing and scanning. Extra features, such as 
interactive figures, case examples, and hyperlinks to related topics, could assist readers in learning the 
content [172]. Today, however, new features such as animation, video, audio, and interactive 
simulations are being added so that readers can interact with the content of eBooks more dynamically 
than when only reading them [83, 91]. The focus in this section is to review and analyze the content of 
the AA chapter in OpenDSA. 
 

 
Figure 4. Contents of a page from the AA chapter in OpenDSA. 

 
Figure 4 above shows a typical page from the AA chapter in OpenDSA. However, it is worth 

mentioning that other pages in the chapter make use of diagrams and tables to assist with the learning 
process, and it is important to note the effective role of these instruments in smoothly conveying 
information to the learner. Even still, no interaction takes place between the learner and the visual 
objects. On the other hand, OpenDSA is an open-source project that is under constant development; 
therefore, it is quite possible that new visualizations and interactions will soon be included in the 
chapter. 

One challenging issue that can be improved with respect to a better learning outcome is the 
heavy mathematical content of the chapter. This also leads us to consider the level of math knowledge 
of the course participants and what could be done in that respect. The mathematical content of the 
chapter requires a certain advanced level of mathematics in order to grasp the related topics 
introduced in this chapter. Hence, it could be advantageous to add some references to the purely 
mathematical parts of the material for students to refer to while studying the chapter. Some extra 
references to mathematical concepts, such as logarithms and probability theory, would no doubt prove 
helpful. 
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5.1.2 Ideas for Creative Change 
 

It would be a good idea to include some pre-recorded lectures by a teacher [173]. The lectures should 
include their voice and an animated whiteboard in the platform to spice up the platform a bit. These 
additions could be helpful for challenging chapters, such as the AA chapter. Another idea for creative 
change would be to have the lecturer on one pane and have another presentation pane that is updated 
in real-time next to the lecturer for the lecture notes. Having such a combination would make it 
possible to include a specific link through which the students could access the lecture notes on a 
separate web page, thereby providing the functionality of learners accessing the lecture notes in their 
own time and at their own convenience. Furthermore, it would be a good idea to have a certain 
standard for grading the assignments [174, 175], and then publishing them on the course web pages. 
Learners might find this added clarity motivating with respect to grades, in that sense they might work 
harder to pursue even better grades after completing a specific exercise module. 

Considering the fact that not all students are good at planning their own online studies, it 
would be beneficial to include a course calendar inside the OpenDSA to help learners with planning 
their chapter studies and the assignment due dates. Some recommended course plans and assignment 
submission times could be provided to the students on the calendar provided inside the OpenDSA, 
which would help them better plan their study and exercise times. Since the study times would only be 
provided as recommendations, learners would by no means be forced to follow them; they would still 
have the option of accessing the course material and completing the assignments on their own time 
and at their own convenience in their own rooms. 

Including one big project for the whole course or several smaller projects at different points 
of the course, either of which would cover the provided topics, could be a good addition to the 
OpenDSA platform. These projects should differ from all the other question types throughout the 
OpenDSA, such as the chapter summary questions or the exercises provided in each chapter. Rather, 
they should act as a fun assessment method for students to now put all the theory they have learned 
throughout the course to the test and see how well they are able to connect their theoretical knowledge 
to a practical application. 

One could argue, however, that the current OpenDSA platform mainly focuses on providing 
an eTextbook version of the course to the course participants rather than a complete eLearning 
platform. Even still, the inclusion of such features would only be beneficial to the whole OpenDSA 
experience. On the other hand, a good and comprehensive online learning platform could start from an 
extensive eTextbook. Consequently, it would be a good idea to enhance the features and capabilities 
of OpenDSA with the design plans mentioned above and expand its educational borders using these 
innovative concepts. 

 
 

5.1.3 Summary Exercises 
 

Current exercises in OpenDSA can either be proficiency exercises, which demand that the student 
simulate an operation from an algorithm, or summary exercises, which ask questions about the various 
notions explored in the chapters [179]. There are different types of summary exercises at the end of 
the AA chapter, all of which are implemented using the same Khan Academy framework. Figure 5 
shows a multiple-choice question. The question is set within a large and simple rectangular frame, in 
which there is a question title, a frame for the answer, several radio choices inside the answer frame, 
and a frame for hints in case the student needs a hint. The number of radio choices for this question 
type varies depending on the question, ranging from two choices for a true/false question to 
sometimes even eight choices [176]. 
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Figure 5. A typical multiple-choice chapter summary question type in OpenDSA. 

 
Figure 6 below shows the fill-in-the-answer question type, in which a small textbox is 

provided for students to type in their answer and then check whether it is correct by pressing the 
associated button. The nature of this question type requires that the individual have a good 
understanding of the topic in question and actually know the correct answer before proceeding to the 
next question [176]. Nevertheless, this raises the issue that in cases where students do not know the 
answer to this question type at all, but would still like to continue the test, they would not have the 
possibility to do so! 
 

 
Figure 6. A typical fill-in-the-answer chapter summary question type in OpenDSA. 
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5.2 Implementation Work 
 

5.2.1 Graphing Visualization 
 
The implementation work was started by creating a visualization for math functions so that the learner 
gains a better understanding of the functions mentioned in the AA chapter. The online infrastructure 
“Desmos” [165] was chosen for this purpose. Desmos is a graphing calculator that can plot different 
equations and that has the aim of changing the negative attitudes of students towards mathematics 
[166, 167]. The finished work is an interactive visualization that includes various graphs for different 
growth rate functions to assist students in learning about the growth rates. Figure 7 provides a 
snapshot of this visualization. 
 

 
Figure 7. Graphing visualization for certain growth rate functions. 

 
Each function is defined on the left pane and assigned a graph line color. For instance, it is 

easy to see that the 2x2 growth rate function has a green line color on the graph. The z slider at the 
bottom left corner makes the growth rate functions interactive and gives users the ability to change the 
function variable by dragging the slider either left or right, while at the same time portraying the effect 
of that particular change on the visual graph [165]. The slider also offers the functionality of a play 
button; pressing on it would initiate a slideshow presentation of different values together with their 
graph. Using this interactive graphing visualization, students would have the opportunity to visually 
and tangibly see the differences between various growth rate functions and be able to play with 
different function values on the fly. 

 
 

5.2.2 Matching Questions 
 

More than ten classification systems for question types have been proposed by researchers [184, 185, 
186, 187, 188, 189, 190, 191, 192, 193, 194, 195]. The use of matching questions has been 
recommended to overcome some of the flaws of utilizing multiple-choice questions to assess factual 
knowledge [180]. Figure 8 shows an implemented matching question. It is a mini-game in which 
students have the possibility to have a fun, game-like experience [177]. Students are provided with 
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two rows of rectangular shapes, the first of which contains the question objects and the other the 
targets. Students are supposed to first read and find the connection between each item in the first row 
and the item in the second row, which requires that they have good command of the AA chapter 
material. After finding the connections, they are supposed to hold and drag each item from the first 
row to its associated target slot in the row below.  

If the student correctly identifies the connection, then the target slot will accept the question 
item after releasing it on top of the slot; otherwise, the question item will not stick and will revert to 
its original location. The learner would be granted permission to move on to the next question after 
putting all the provided question items in their corresponding answer slots. Research shows that 
matching questions with eight options or less make more efficient use of testing time and result in 
better score accuracy, in contrast with questions with larger numbers of options [181, 182, 183]. 
Therefore, five options were chosen when designing this matching question type. 
 

 
Figure 8. A typical matching question type implemented for the AA chapter in OpenDSA. 

 
The figure above is the result of integrating one of the questions already designed for the AA 

chapter with the matching question type that was developed in the KAEI using JavaScript and 
HTML5. To be more specific, jQuey together with jQueryUI widgets and themes were used to be able 
to implement the user interface interactions. jQueryUI is a set of plugins built on top of the jQuery 
JavaScript library, which add new functionalities to the jQuery core library [12]. These functionalities 
include, but are not limited to, accordion menus, an auto-complete mechanism for input fields, a tabs 
mechanism to facilitate the display on the page, and dialog boxes that are superimposed on top of the 
page [12]. 

The question and the answer items are created inside the two arrays of random and inserts 
respectively using the following JavaScript lines: 

 
//	the	array	of	question	items	
var	random	=	[	'top',	'fifo',	'binary',	'index',	'edge'	];	
							//	randomize	the	question	items	each	time	the	exercise	is	loaded	
							random.sort(	function()	{	return	Math.random()	-	.5	}	);	
														//	iterate	through	the	array	and	create	each	draggable	question	item	
														for	(	var	i=0;	i<5;	i++	)	{	
																					$('<div>'	+	random[i]	+	'</div>').data(	'number',	random[i]	)	
																					.attr(	'id',	'element'+random[i]	).appendTo(	'#stack'	).draggable(	{	
																												containment:	'#content',	
																												stack:	'#stack	div',	
																												cursor:	'move',	
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																												revert:	true	
																					}	);	
														}	
	
//	the	array	of	answer	items		

																var	inserts	=	[	'stack',	'queue',	'tree',	'array',	'graph'	];			
							//	iterate	through	the	array	and	create	each	droppable	answer	item	
							for	(	var	i=1;	i<=5;	i++	)	{	
														$('<div>'	+	inserts[i-1]	+	'</div>').data(	'number',	inserts[i-1]	)	
														.appendTo(	'#inserts'	).droppable(	{	
																					accept:	'#stack	div',	
																					hoverClass:	'hovered',	
																					drop:	handleDrop	
														}	);	
							}	
 
A function called handleDrop checks to see if the drop was the correct answer. This function 

is triggered after every drop of a question item and is defined as follows: 
 
function	handleDrop(	event,	ui	)	{	
							var	inserts	=	$(this).data(	'number'	);	
							var	stack	=	ui.draggable.data(	'number'	);	
							//The	reaction	after	the	drop	of	a	draggable	question	item	
							if				((	inserts	==	'stack'	&&	stack	==	'top')	||	(	inserts	==	'queue'	&&	stack	==	'fifo')	
														||	(	inserts	==	'tree'	&&	stack	==	'binary')	||	(	inserts	==	'array'	&&	stack	==	'index')	
														||	(	inserts	==	'graph'	&&	stack	==	'edge'))	{	
																					ui.draggable.draggable(	'disable'	);	
																					$(this).droppable(	'disable'	);	
																					ui.draggable.position(	{	of:	$(this),	my:	'left	top',	at:	'left	top'	}	);	
																					ui.draggable.draggable(	'option',	'revert',	false	);	
																					correctAnswers++;	
														}	
}	
	

The variables correctAnswers together with check keep an eye on how well students complete the 
mini-game. 
 

 
5.2.3 Ordering Questions 
 
The next question type developed is the ordering question type, which can be seen in figure 9. This 
question type provides students with a set of rectangular boxes, each of which contains different 
answer elements that can be dragged around and put under or above one another in the order desired 
by the student [178]. The student is responsible for figuring out the correct order for the elements 
based on the question being asked and then arranging them in the correct order. Even though these 
elements can be dragged around anywhere on the page, they will simply snap back to their original 
location after being released if there is no interaction with the other elements on the list [178]. After 
arranging all of the items in the desired order, students can check their answer by pressing the 
corresponding button and move on to the next question, provided that all the elements are arranged in 
the correct order. 
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Figure 9. A typical ordering question type implemented for the AA chapter in OpenDSA. 

 
The sample question shown in the figure above assesses a student’s ability to comprehend 

the “time complexity” concept [150] introduced in the AA chapter by asking the individual to arrange 
the growth rates provided in an ascending order based on their time complexity. An unordered	list	(ul) 
object has been used to create the ordering items as follows: 

 
<ul	style="cursor:	pointer"	id="sortable">	
								<!	-	-	first	ordering	item	-	-	>	
								<li	id="3"	class="ui-state-default">	
															<span	class="ui-icon	ui-icon-arrowthick-2-n-s">		
															</span>	O	(	N&#178	)	
							</li>	
							<!	-	-	second	ordering	item	-	-	>	
							<li	id="4"	class="ui-state-default">	
														<span	class="ui-icon	ui-icon-arrowthick-2-n-s">		
														</span>	O	(	N&#179	)	
							</li>	
							<!	-	-	third	ordering	item	-	-	>	
							<li	id="1"	class="ui-state-default">	
														<span	class="ui-icon	ui-icon-arrowthick-2-n-s">		
														</span>	O	(	1	)	
							</li>	
							<!	-	-	fourth	ordering	item	-	-	>	
							<li	id="2"	class="ui-state-default">	
														<span	class="ui-icon	ui-icon-arrowthick-2-n-s">		
														</span>	O	(	N	)	
							</li>	
</ul>	

 
The following checkAnswer function determines whether the exercise has been correctly completed or 
not: 
 

function	checkAnswer()	{		
							$("#sortable").children().each(function	(i)	{	
														var	li	=	$(this);	
														//	fill	an	array	with	the	current	item	ids	
														items[i]	=	li.attr("id");		
							});	
					//	compare	the	current	item	ids	with	their	predefined	numbers		
					if	(	items[0]	==	1	&&	items[1]	==	2	&&	items[2]	==	3	&&	items[3]	==	4	)		

																												return	true;		
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																					else		
																												return	false;		
																}	

 
 

5.2.4 Fill-in-the-blank Questions 
 
The third question type is the fill-in-the-blank question type, as shown in figure 10. This question type 
enables students to fill in the blank using a selectmenu widget [168] inside jQueryUI. The student is 
provided with a sentence; one or more words inside the sentence need to be filled in using the 
supplied selectmenu. The student would have to first select the desired options and then check her or 
his choices using the answer button. On the condition that she or he has filled in all the blanks with the 
correct answer, then she or he will be granted the possibility to move on to the next question. 
Otherwise, the “check answer” button will shake to let the user know that one or more of the 
selections are incorrect. Fill-in-the-blank questions are one of the most favored question types in 
testing [196]. 

 

 
Figure 10. A typical fill-in-the-blank question type implemented for the AA chapter in OpenDSA. 

 
This question type requires a higher level of accuracy by students compared to the previous 

question types mentioned so far due to the fact that learners need to have mastery over a specific piece 
of textbook with a high level of detail. In other words, the learner needs to know the exact words used 
in the textbook since the question zooms in on specific lines of text. However, since the chapter 
summary questions are designed with the goal of learning in mind, the questions in this category are 
still asking about different important concepts. For instance, the question in the figure above is asking 
about the two important notions regarding “problem” [16] and “algorithm” [150] that are introduced 
at the beginning of the AA chapter. 

The following lines implement the fill-in-the-blank question mentioned above: 
 
$(function()	{	
							//	first	selectmenu	widget	
							$(	"#choice1"	).selectmenu();	
							//	second	selectmenu	widget	
							$(	"#choice2"	).selectmenu();	
});	
<font	size="3">	
<fieldset>	
							//	the	first	part	of	the	sentence	
							<label	for="choice1">	
														A(n)	
							</label>	
							//	the	first	blank	
							<select	name="choice1"	id="choice1">	
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														<option>		
																					algorithm		
														</option>	
														<option>		
																					flow	chart		
														</option>	
														<option	selected="selected">		
																					sketch		
														</option>	
														<option>		
																					program		
														</option>	
							</select>	
							//	the	second	part	of	the	sentence	
							<label	for="choice2">	
														is	a	method	or	a	process	followed	to	solve	a	problem,	and	a(n)	
							</label>	
							//	the	second	blank	
							<select	name="choice2"	id="choice2">	
														<option>		
																					algorithm		
														</option>	
														<option	selected="selected">		
																					flow	chart		
														</option>	
														<option>		
																					sketch		
														</option>	
														<option>		
																					problem		
														</option>	
							</select>	
							//	the	last	part	of	the	sentence	
							<p\n>	
														is	a	task	to	be	performed.	
							</p>	
</fieldset>	
	

The following checkAnswer function determines whether or not the exercise has been completed 
correctly: 
 

function	checkAnswer()	{		
							//	the	value	of	the	first	filled	blank	
							var	check1	=	$(	"#choice1"	).val();		
							//	the	value	of	the	second	filled	blank	
							var	check2	=	$(	"#choice2"	).val();	
							//	compare	the	values	of	the	filled	blanks	with	the	correct	answers	
							if	(check1	==	"algorithm"	&&	check2	==	"problem")			
														return	true;		
							else		
														return	false;		
}	
 
 

5.2.5 Error-guessing Questions 
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Error-guessing questions [169], as illustrated in figure 11, have also been implemented. This question 
type as well as the fill-in-the-blank question type both work on a textual basis. However, this question 
type focuses mainly on spotting the incorrect word or phrase inside a sentence or a collection of 
sentences. Therefore, the individual needs to be a keen reader in order to notice the incorrect word and 
select it by clicking on it. After clicking on any word, the selected word will become highlighted, after 
which the individual can check the correctness of her or his choice by pressing the “check answer” 
button. Once again, if a student’s selection is correct, she or he will automatically be directed to the 
next question; otherwise the answer button will shake, notifying the student of her or his incorrect 
selection and requiring that she or he make another attempt at finding the correct answer [176]. 

 

 
Figure 11. A typical error-guessing question type implemented for the AA chapter in OpenDSA. 

 
The questions in this category of question type are designed to mainly attend to important 

concepts in the chapter. Although this question type might look simple, from an implementation 
standpoint it was not trivial to implement the highlight feature for all the words in the sentence due to 
the fact that a highlighting component did not already exist inside the available libraries of jQueryUI 
and therefore a custom function in JavaScript had to be built to provide this functionality. However, 
the end result was quite worth the effort since this question type now has a custom-built highlight 
function for all questions. The following lines implement this highlight functionality: 

								
$(	document	).ready(	function()	{	
							//	put	the	whole	sentence	in	a	variable	
							var	p	=	$(	"p",	"#sentence"	);	
							//	split	the	sentence	into	word	chunk	objects	
							$.each(	p,	function(	i,	obj	){	
														$(	obj	).attr(	"class",	"highlightable"	);	
														obj.innerHTML	=	"<per>"	+		
														obj.innerHTML.split("	").join(	"</per>	<per>"	)	+		
														"</per>";	
							});	
							//	highlight	the	selected	word	object	by	changing	its	background	color	
							$(	".highlightable	per",	"#sentence"	).on(	"click",	function(){	
														$(	"per",	$(	this	).parent()	).css(	"background-color",	"");		
														$(	this	).css(	"background-color",	"#ffff45"	);		
														a	=	this.innerText;		
							});	
});	
 

 
5.2.6 Multiple-choice Questions 

 
Finally, last but not least, a multiple-choice question type for code snippets has also been designed 
[169]. Even though this question type was already in use in the AA chapter of OpenDSA, the 
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inclusion of well-designed multiple-choice questions for code snippets as part of the implementation 
work was necessary. Multiple-choice questions dominate large-scale computer-based testing and 
eLearning assessments [116]. Well-designed multiple-choice questions can assess higher-order 
cognitive processing [197]. Nevertheless, even though multiple-choice questions may not be any more 
valid, their realism makes them more satisfactory [198, 199, 200].  

Figure 12 shows a typical multiple-choice question designed for this chapter. After selecting 
an answer, students will have to press the check answer button in order to move on to the next 
question, at which point they will also be informed about the status of their selected answer. When 
choosing an incorrect option, they will not be granted access to the following question, until they are 
able to locate the correct answer. 

 

 
Figure 12. A typical multiple-choice question type implemented for the AA chapter in OpenDSA. 

 
The multiple-choice question shown in the figure above asks the learner to locate the part of 

the code snippet with the largest Big-O time complexity [150]. In other words, it asks students which 
part of the provided code snippet takes the most time to execute on a computer compared to the rest of 
the code snippet. In order to answer a question like this, the student needs to have a clear 
understanding of Big-O notation time complexity and the ability to at least come up with a close 
estimate of this time complexity for the different parts of the code provided. Therefore, well-designed 
multiple-choice questions can be beneficial to the learning process [200]. 
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CHAPTER 6 
 

USER TESTING 
 

This chapter presents the results from the user testing phase of the study together with the resulting 
implementation changes. 
 
 
6.1 Testing Experience 
 
6.1.1 Scenario 
 
Scenarios have found their part in testing, mainly in staging or locating test examples, usually in a 
very detached manner where the test samples focus on abstract tasks. In contrast to this detached 
manner of testing, some researchers see usability as an essential part of the design process and have 
examined the application of scenarios more extensively in designs [201, 202]. It is necessary to create 
use situations as part of the testing process to be able to stage users’ experiences with respect to the 
future [204]. It is equally imperative to explore ways in which users can feed back thoughts to 
usability people in ways that are anchored in the specifics of certain use scenarios [203].  

The students chosen for the user testing had taken the DSA course in the past. The testing 
was carried out on an individual basis rather than in groups to be able to do a deeper level of testing. 
A testing supervisor was present to look closely at each and every one of the student’s interactions 
with the material at hand while at the same time taking notes and encouraging the participants to 
verbalize their thoughts and feelings as they navigated their way through the material. The method 
provided a rich data set, the benefits of which exceeded the time-consuming nature of the exercise. A 
static scenario could have saved time with every individual and a great deal of time overall in each 
testing session, but based on the aforementioned reasons pertaining to testing experience, the think-
aloud method [205] was chosen instead for richer and more effective results. User encouragement 
played a key role in ensuring the effectiveness of the data collection and the production of useful 
results [206]. 

In some cases, the participants looked a bit bewildered or asked questions more than usual 
during the testing. . In these cases, they were given hints to assist the decision-making process. The 
aim was to simulate a testing experience that was as close to reality as possible. Therefore, the hints 
did not provide any directions on how to use the resource [207]. Normally, during the first few 
minutes, when the participants had just received the material, they were more confused and thus more 
in need of interactions with the researcher. A few effective prompts at the beginning of their work in 
most cases led to a smooth and focused experience for the participants, one in which they were able to 
engage with and effectively think aloud their thought processes [208]. 

 
 

6.1.2 Techniques 
 
The majority of the testing prompts merely acted as a reminder for the participants to think aloud after 
intervals of silent reading. Since reading and working with new content is a task that is usually done 
silently [209], without the need for readers to think aloud about their thought processes, the 
participants seemed to be quite prone to carry out the task quietly, out of habit, even though they 
already knew that they were supposed to think out loud. Therefore, helping the participants remain in 
a continual state of thinking out loud from beginning to end appeared to be one of the most 
fundamental methodologies used during the testing session [210]. 

One research study suggests that interrupting users who are engaged in problem-solving 
exercises does not have any notable effect on the reactivity of users compared to a standard think 
aloud protocol [10]. For situations in which the interruption was longer than a few seconds, the 
participant had to do some extra thinking to return to her or his previous thinking process and in some 
cases needed to repeat or rewind to an earlier thought process in order to accomplish the testing task 
successfully. Consequently, the aim was to provide the prompts only during periods of inactivity or 
silence or at stages when the participants verbally requested help [208]. 

Another technique that was used to avoid interrupting participants was to make use of a 
technique called “stimulated recall” [211]. This method allows participants to retrieve their interactive 
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decision-making processes soon after the event. The basic concept behind the stimulated recall 
method is to enable participants to construct an original condition with clarity and precision if they are 
presented with a substantial amount of clues or stimuli that occurred during the original situation [10]. 
In case of an interruption, the participant was provided with enough clues to enable her or him to 
reconstruct the original situation with respect to her or his current activity. 

 
 
6.1.3 Settings 
 
Usability inspection is the common name for a set of methods for assessing user interfaces and 
discovering usability problems. Normally, usability inspections are mostly concerned with finding 
usability problems in a design; however, some techniques also address such issues as the severity of 
the usability problems and the general usability of a complete design [13]. Certain factors have to be 
taken into account when carrying out a usability inspection, such as individuals versus teams, the 
expertise of the evaluator, prescribed tasks versus self-guided exploration, and the usage and 
usefulness of guidelines [14].  

The testing session was carried out based on a self-guided exploration method with only a 
few guidelines given to the participants at the beginning of the testing session. The participants were 
not given a static scenario with individual constant tasks to complete, since this method could lead to 
similar results for most participants [212]. Instead, they were asked to use the material as they would 
normally. The researcher did not interact with the participants much after giving the initial directions 
on how to complete the task, except for providing a few questions to stimulate the feedback loop 
[213]. It was a priority to make sure that the presence of the researcher had as little effect on the 
participant as possible so that the researcher could reproduce a testing experience that closely 
mirrored real-world situations [214]. 

A concise interview was added at the end of the monitoring period [215]. This interview 
included only a few questions, most of which dealt with the participants’ overall feelings and thoughts 
about the resource they had worked with. The interview questions served as a good means for 
confirming and in some cases reminding participants of the issues of concern. Moreover, the questions 
were designed in such a way so as not to require any further reference to the resource to be answered 
and to enable the participant to respond using the knowledge and understanding already acquired 
throughout the user experience [216]. 
 

 
6.2 Testing Results and Implementation Changes Made 
 
6.2.1 Matching Questions 
 
It turned out that the row responsible for accepting the question elements did not possess the 
necessary color contrast [218] for the students to be sure that a question element had successfully been 
accepted, as shown in figure 13. This problem became evident when participants tried to look for and 
find the question element after it had been accepted by a specific answer slot. The underlying cause of 
this problem was the fact that after the acceptance of a question element by a particular answer slot, 
the colors of these two objects would normally blend together and result in a faint and shaded color 
that was difficult for the participants to notice [217]. 
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Figure 13. The vague color problem in the matching question type after the question elements had been accepted. 

 
The problem shown in the figure above was overcome by changing the entire background 

color of the answer row. The answer row has an acceptable level of contrast now that is easy for users 
to notice [219]. Figure 14 below shows the result of this change. Users will now immediately notice 
the acceptance of a question element by a particular answer slot, even when using the question type 
for the first time. 

 

 
Figure 14. The answer row for a typical matching question after fixing the vague color issue. 

 
Another potential issue in the matching question type revealed during the testing sessions 

was the fact that a pop-up message box containing a “Replay” button would appear right after the user 
had placed the last question element in its corresponding answer box, as seen in figure 15. The button 
congratulated the learner on successfully completing the matching question mini-game. The problem 
was that the appearance of the pop-up box, together with the answer button already present on the 
same page, confused the learner about which button they needed to press. This also served to confuse 
the user interaction pattern of the learner with respect to the other question types, since the learner was 
just about to uncover the interaction patterns. Therefore, users expected the same pop-up mechanism 
to appear in all the other question types as well, which was an evident inconsistency [220]. 
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Figure 15. The pop-up message that appeared for the matching question type after participants had completed the exercise. 

 
Since the answer button was already a fixed part of the KAEI used in the OpenDSA, this 

particular problem was fixed by completely removing the congratulatory pop-up message at the end of 
the mini-game and equipping the answer button with the functionality to provide the required 
feedback to the learner regarding whether or not they had succeeded in answering the matching 
question. The result of this fix is shown in figure 16 below. 

 

 
Figure 16. The matching question type after removing the problematic pop-up message. 

 
The figure above shows the final result of the two corrections that were made to the matching 

question type based on problems that had emerged during the user testing sessions. The resulting 
matching question type now has the potential to provide users with a better and more effective user 
experience and usability than the one that was initially designed and implemented. Moreover, the 
check answer mechanism used in this question type is now completely consistent with all the other 
chapter summary question types throughout OpenDSA [221]. 
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6.2.2 Ordering Questions 
 
Different individuals encountered problems with the ordering question type as well. The first issue 
that arose had to do with the way the exponent element was portrayed in a specific question, which is 
for the most part common in computing platforms, as shown in figure 17 [222]. Feedback was 
received on changing the way the exponent elements were portrayed in conventional mathematical 
representations together with the fact that the font was not legible enough due to its small size. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 17. Element representation of a particular ordering question before changes. 
 

The aforementioned issue was fixed by changing the representation style of the exponents to 
a more conventional style using html codes for special characters [170], together with increasing the 
font size [223] of all the elements, as seen in figure 18 below. Using the new layout with this 
particular question leads to less time being wasted focusing on the details of how the components are 
displayed and allows for more time to be focused on the main objective, which is understanding the 
concept behind each component. It can also lead to a more effective user experience. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 18. Element representation of a particular ordering question after changes. 
 

The next problem that emerged when using the same question shown in the figure above was 
the fact that some individuals found the question title confusing when reading and thinking about the 
title for the first time [224]. As shown in figure 19, the question asks the learner to arrange the items 
provided in the order of complexity on an ascending basis. However, the participants had a hard time 
grasping the meaning of the title after reading it for the first time. 
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Figure 19. A sample question title for an ordering question that participants found confusing. 

 
The aforementioned problem was resolved by rephrasing the question title and completely 

changing the part of the question that led to the confusion. Figure 20 below shows that instead of 
mentioning from low to high inside parentheses, the eventual location of the element with the lowest 
level of complexity together with the eventual location of the one with the highest level of complexity 
are specifically mentioned [226]. It might be worth mentioning that the font size of the original 
question title was also increased for better legibility [225]. Therefore, the figure below is the result of 
the changes both to the question title and the answer elements. 
 

Figure 20. The result of a specific ordering question after the testing sessions and corrections. 
 

 
6.2.3 Fill-in-the-blank Questions 

 
The only problem that emerged during the testing of the fill-in-the-blank question type had to do with 
the low legibility level of the questions in this category due to the small font size used for them [223, 
225]. Figure 21 shows the original appearance of a typical fill-in-the-blank question before any 
changes. 
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Figure 21. The original state of a typical fill-in-the-blank question before user testing. 

 
Since the only problem here had to do with the small font size, the issue was fixed by 

increasing the font size of both the question title and the answer. In addition, the line break between 
the two parts of the answer sentence was also removed. Figure 22 below illustrates these changes. 
 

 
Figure 22. A particular fill-in-the-blank question after making necessary corrections following the user testing sessions. 

 
 

6.2.4 Error-guessing Questions 
 

Participants found no significant problems with the error-guessing question type apart from the fact 
that, once again, the font size was not quite legible, as shown in figure 23 [223, 225]. 
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Figure 23. The original state of a typical error-guessing question before making corrections. 

 
Once again, the aforementioned issue was addressed by increasing the font size of both the 

question title and the answer sentence, as shown in figure 24 below. The new font size provides better 
overall legibility for different audiences in varying age groups. It is important to note, however, that 
considering an average font size that would be able to satisfy a wide range of users would be the 
wisest decision [171]. 
 

 
Figure 24. A typical error-guessing question after making corrections following user testing. 

 
 

6.2.5 Multiple-choice Questions 
 

The collected feedback on the multiple-choice question type was positive. It was pointed out, 
however, that the use of the word “line” to refer to different segments of a code snippet is not accurate 
[224, 226]. Therefore, this word was replaced with the word “part” in the question title. Moreover, the 
font size in all parts of the question, including the question title, code snippet, and the answer choices 
was increased [223, 225]. Figures 25 and 26 show the original state of this multiple-choice question 
and how it looked after making the corrections. 
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Figure 25. The original state of a typical multiple-choice question on code snippets. 

 
 

 
Figure 26. The same multiple-choice question as in the previous figure after the corrections. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	

	 44 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



	

	 45 

CHAPTER 7 
 

DISCUSSION 
 
In an era in which educational technologies are being developed quite quickly, the Internet has 
become a strong means to supply learners with a unique learning environment worldwide. Distance 
education on the Internet has remarkably affected the ways in which we communicate and learn and 
has fostered different learning and teaching opportunities. One of the several advantages of distance 
education is that it provides both teachers and learners with a flexible learning environment in terms 
of time and location, since learners are not required to be physically present at the same place and 
time as the instructor. [15.] 

Distance education can be implemented in a variety of different forms and for different 
purposes, such as supported learning, blended learning, and fully online learning, all of which pursue 
the same concept in learning development, that is, one in which learning is developed through sharing 
ideas and thoughts and through distinctive interactions between participants. Several factors could 
affect the online learning experience: infrastructure, the quality of support systems, content, and 
assessment as well as peer-support networks, to name a few. Therefore, planning and implementing 
distance education courses is an intricate task that includes numerous factors that need to be taken into 
account to provide learners with effective learning environments. [15.] 

People are being bombarded with new computing and IT developments and the release of 
each new type of technology eventually leads to a change in everyday living processes and alters the 
way in which things are done. This could point to the significant role of how individuals are being 
provided with an appropriate education and learning, and specifically to the critical role of personal 
learning environments as one form of education and learning provision. However, it is of significance 
to bear in mind that learning is an exceptionally complex process and is mainly located in rich 
contexts due to the fact that usable and solid knowledge can only be attained by participating in tasks 
and environments that are genuine [17]. 

This thesis work explored the concept of personal learning environments and presented the 
fact that they are rapidly expanding everywhere and becoming increasingly popular. Information 
technologies have increasingly expanded and have found their way into every aspect of people’s lives, 
from talking wirelessly on a personal cellphone to controlling different devices and gadgets via eye 
movements while wearing special glasses. Everything in people’s lives seems to be happening at an 
incredibly fast pace, with the result being that people’s thought processes are also occurring at a faster 
pace. However, when considering the ever-increasing pace of IT expansion throughout the world, it 
sometimes seems difficult to keep up with every technological advancement that takes place in 
different areas of CS. Therefore, it is important that each computer scientist has a specific area of 
expertise in which he or she could carry out original research and develop academically. In this 
modern digital age, in which almost everything is done through digital processes, education and the 
methods by which it is provided are also becoming increasingly digitalized and modern.  

Thanks to online personal learning environments, both educators and learners now have the 
opportunity to decrease some of the pressure of their demanding daily lives by choosing to take part in 
virtual online learning classroom sessions for different course topics and actually study any part of 
their chosen online courses at another location in the world as long as they possess an Internet 
connection and a compatible device. While exploring such personal learning environments, it was 
mentioned that they could be as simple as an online eBook or as intricate as a completely virtual 
distance-learning environment, one that includes various educational gadgets together with the course 
material. 

Following the exploration of the AA chapter in OpenDSA for the first time, it became 
evident that the chapter content is boring, makes use of too much text, and includes little or no 
opportunity for interaction. The implementation part of this thesis provided a solution to tackle the 
difficulty of CS students in learning different topics inside this chapter. This was made possible by 
designing and developing novel interactive summary exercise types together with a graphing 
visualization for the AA chapter. Furthermore, a few sample questions for each summary question 
type were developed. 
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CHAPTER 8 
 

CONCLUSION 
 

The background chapter to this study first investigated algorithm analysis in CS education, in which 
algorithms, analysis of algorithms, and learning in analysis of algorithms were discussed. 
Visualizations in CS education were introduced next, in which different concepts such as software 
visualization, media, and multimedia learning, together with animations and their effects on learning, 
were explored. It was mentioned that software visualization is founded upon the use of graphical 
representations to make the process of describing the operations of a computer easier and more 
tangible. Visualizations in CS education is a field that has been brought to the attention of 
educationalists on a broad scale, and achievements have been reached on a large scale in this area of 
study. Instructors are looking for better methods for teaching and presentation than those provided by 
the conventional textbook approach and established methodologies, for which visualizations can be an 
innovative and useful answer. 

Evaluation methods in CS education were explored in the same background chapter on 
visualizations, in which it was stated that only with the help of well-designed and effective evaluation 
and assessment methods can one obtain a correct estimate of student learning and be provided with 
constructive feedback on the status of their progress. Without an effective assessment mechanism in 
place, the learning process will experience major loss and will not be as efficient. This section 
discussed topics such as computer-based evaluation and evaluation task design. 

Interactive eBooks, eTextbooks, as well as the effects of eTextbooks on learning were 
discussed next. Each of the concepts was explored in detail. It was mentioned, for instance, that 
eBooks have become universally accepted and standard and that eTextbooks are not equivalent to 
eBooks. Furthermore, some forms of content presentation together with certain factors that influence 
learning were discussed in the same section.  

The OpenDSA platform was introduced in detail in the next chapter. This chapter started by 
giving an introduction to algorithm visualizations. At this point, the objective of the OpenDSA project 
together with the architecture and the technology behind it were explored. JSAV and Khan Academy 
were also presented since they belonged to the technology behind the OpenDSA. The chapter that 
came next investigated the methodology behind this thesis work. 

The implementation contribution of this thesis was documented and discussed in the 
following chapter, which started by reviewing the AA chapter content and then moved on to summary 
exercises and eventually to the actual implementation work, which was presented using screenshots. 
Each implemented question type was presented together with the challenges behind each type of 
question. The programmed codes for each question type were also presented together with code 
documentations in red. 

The user testing chapter came next. It consisted of two parts: testing experience, and testing 
results and implementation changes made. The testing scenario, techniques, and settings were 
presented in the first part. The results of the user testing were discussed in the last part. The last part 
also discussed the decisions that were made after analyzing the testing results as well as the actual 
implementation changes that were made. Before/after screenshots were provided at this point to show 
the exact changes that were made to the implemented project. 
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