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Abstract

The Norwegian University of Science and Technology has an objective to be internation-

ally outstanding. One of the underlying initiatives of this objective is to increase the

number of students that go on a study abroad- or student exchange program. This the-

sis introduces a prototype created to improve the motivation for students to apply for these

programs by recommending courses and universities, and simplifying the course approval

process for students. The prototype, named Utsida, uses case-based reasoning and the ex-

perience reports of previous exchange students to give the recommendations. The Design

and Creation research strategy was used to develop and evaluate the two parts of Utsida:

a web application part for user interaction and data storage, and a case-based reasoning

recommender system part that produces the recommendations. Two methods were used to

evaluate the Utsida prototype. The first method was a user study were students at NTNU

were able to test Utsida and answer an accompanying questionnaire. The second method

tested the case-based reasoning recommender system part in an offline experiment with

simulated user queries. The user study showed that Utsida has a very positive effect on

students’ motivation to apply for a study abroad- or student exchange program. Further-

more, the majority of students also received relevant recommendations for both univer-

sities and courses. Furthermore, the significant results of the offline experiment showed

a high relevancy on the implemented recommender and supported the results of the user

study.
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Sammendrag

NTNU har mål om å være internasjonalt fremragende. Et av initiativene til å oppnå målet

er å øke antallet studenter som drar på utveksling. Denne avhandlingen introduserer en

prototype laget for å forbedre studenters motivasjon for utveksling ved å anbefale fag

og universiteter, og forenkle prosessen med å forhåndsgodkjenne fag. Prototypen, kalt

Utsida, bruker case-based reasoning og erfaringsrapportene til tidligere utveklsingsstu-

denter for å gi anbefalinger. “Design and Creation” forskningsstrategien ble brukt til å

utvikle og evaluere de to delene av Utsida. Den ene delen er en webapplikasjon som

håndterer brukerinteraksjon og datalagring, og den andre delen er et case-based reasoning

recommender system som produserer anbefalingene. Utsida-prototypen ble evaluert ved

å bruke to metoder. Den første metoden var en brukerstudie hvor studenter ved NTNU

kunne teste Utsida og svare på et medfølgende spørreskjema. Den andre metoden testet

case-based reasoning recommender system-delen i et offline eksperiment med simulerte

brukerforespørsler. Brukerstudien viste at Utsida har en svært positiv effekt på studenters

motivasjon for å søke utveksling. Flertallet av studentene mottok også relevante anbe-

falinger for både universiteter og fag. De signifikante resultatene fra offline eksperimentet

viste en høy relevanse på den implementerte anbefalingsmetoden og støttet resultatene av

brukerstudien.
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Chapter 1
Introduction

This research project was initiated to make it easier for students at NTNU to apply for

a study abroad- or student exchange program by using a prototype, named Utsida, as a

proof of concept to replace parts of the current manual process. This chapter elaborates

the motivation and background for that initiation. It also details the research questions and

goals for the solution, gives a brief overview of the research methodology, and describes

the structure of the thesis.

1.1 Motivation and Background

Studying abroad can be an important way to improve intercultural communication skills

that are increasingly more important in international businesses and for cooperation be-

tween different cultures [38]. A multicultural experience is also shown to enhance creativ-

ity [19] and improve the career opportunities for students [10]. Because of the beneficial

effects of multicultural experiences, The Norwegian University of Science and Technol-

ogy (NTNU) has set the following goal of international mobility for degree students: “By

2017, at least 40% of NTNU’s degree students should have a period of study at an edu-

1



Chapter 1. Introduction

cational institution in a foreign country lasting one or two semesters”1. Norway has also

committed to the Bologna Process2, with one of the goals being that 20% of the students

completing a study in Europe should undertake a minimum of three months of their edu-

cation in a different country by 2020.

With only 25% student mobility at NTNU in 2015 [25], NTNU has to, to reach their goal of

40% international mobility, look at ways to increase motivation for students to do a study

abroad- or student exchange program. One of the ways could be to digitize the current

process of applying for a study abroad- or student exchange program; this could increase

student motivation and reduce the workload for advisers. The difference between an ex-

change program and study abroad program is that a student exchange program involves

students exchanging places and the student only pays tuition fees at their home univer-

sity. In a study abroad program, however, the student is enrolled in the abroad university

and pay the tuition fee. Both of these programs have similar application procedures at

NTNU, and will, henceforth, be referred to as an exchange program. Before applying for

an exchange program at NTNU, students have to find and approve courses to take at the

university abroad. This process of approving and finding courses is mostly done manually

by both advisers and students. It could be replaced by an information system (IS) that sim-

plifies the process and consequently increase students’ motivations for exchange.

1.2 Personal Motivation

Replacing tedious manual work with an intuitive and easy to use IS is something that moti-

vates both of the authors. The project was first proposed by our supervisor, Associate Prof.

Rune Sætre, as a study exploring the similarity between courses from different universi-

ties. However, due to several ongoing similar studies, we instead proposed to focus on

finding ways to improve the exchange course approval process. One of the authors, Truls

Mørk Pettersen, has previously done an exchange program where he experienced that the

current process has room for improvement. He therefore wanted to study ways to increase

1NTNU’s international action plan: http://www.ntnu.edu/international-action-plan
2Bologna Process: https://www.ehea.info/
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1.3 Research Questions and Goals

the motivation and reduce the workload for students.

1.3 Research Questions and Goals

The primary goal of this project is to create a prototype, named Utsida, that increase the

motivation for students at NTNU to apply for an exchange program. To achieve this goal

the prototype should simplify the exchange course approval process and give relevant rec-

ommendations on courses and universities. The second goal is to use the popular case-

based reasoning (CBR) methodology for producing the recommendations. The following

list summarizes the research goals.

• Goal 1: Create a prototype that improves the motivation for students at NTNU to

apply for an exchange program.

• Goal 2: Use the CBR methodology to give relevant recommendations on exchange

program universities and courses.

Based on these goals, and the knowledge gained in the preliminary research (Ch. 2) the

specific research questions this study seeks to answer are:

• RQ1: What effect would an information system for recommending and assisting

exchange course selection have on students’ motivation for doing a study abroad- or

student exchange program at NTNU?

• RQ2: How suitable is the case-based reasoning methodology for recommending

relevant universities and courses for a study abroad- or student exchange program?

1.4 Methodology

Oates’ [26] model of the research process, detailed in Chapter 4, was used to define the

chosen research methodology. The research questions were developed from motivation

(Ch. 1), experiences (Ch. 2) and related work (sec. 2.3). The Design and Creation

research strategy was used to create Utsida, a prototype system with two parts: a web

3
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application and a cased-based reasoning recommender system (CBR-RS). These systems

were, in turn, evaluated through questionnaires which produced the data needed to answer

RQ1 and partly RQ2. To fully answer RQ2, and further quantify the result of the question-

naires, an offline experiment was performed on the CBR-RS to analyze whether it yielded

relevant recommendations. See Chapter 4 for a full description of the research methods

used.

1.5 Thesis Structure

The thesis is structured in eight chapters. Firstly, Chapter 1 and 2 answers why this re-

search was conducted by exploring the motivation, problem context, and related work.

Chapter 3 then introduces theory on essential concepts identified in the preliminary re-

search. Furthermore, Chapter 4 and 5 answers how the research project was conducted by

detailing the chosen research methods and the implementation of the prototype. Chapter

6 shows the results produced by the research methods, while chapter 7 interprets these re-

sults in regards to the research questions. Finally, Chapter 8 ends the thesis by concluding

the work done and presenting ideas for future work.

The following paragraphs further detail the content and purpose of each chapter.

Chapter 2: Preliminary Research Describes the preliminary research that led to the

production of the research questions and the goals of this project. This includes knowledge

attained on the problem domain, review of the current approach, and a summary of related

work found through literature review.

Chapter 3: Theory Presents the theory and information about concepts and tools which

were essential for creating the prototype needed to answer the research questions. The

main focus lies on CBR and recommender systems.

4



1.5 Thesis Structure

Chapter 4: Research Method Describes the methodological choices of this thesis. This

includes presenting the overarching research strategy: Design and Creation, used as a

guideline to develop the prototype. Furthermore, the chapter details the data collection

methods and data analysis used to evaluate the prototype and consequently answer the re-

search questions. These methods are questionnaires, offline experiments, and quantitative

data analysis. Finally, important ethical and practical issues that influence the project are

elaborated.

Chapter 5: Implementation Elaborates on the architecture and implementation of the

prototype, Utsida. Including decisions made for design, frameworks, and technologies, as

well as how the CBR-RS was modeled and implemented.

Chapter 6: Results Presents the key results acquired with the utilized research methods

on the prototype. These results are represented by diagrams and tables.

Chapter 7: Discussion Includes a comprehensive discussion were the results are inter-

preted in regards to the research questions, and possible limitations of the research project

are presented.

Chapter 8: Conclusion Concludes the thesis based on the interpreted results and presents

ideas for future work on the subject. These ideas includes new features for the prototype,

extensions to CBR-RS, and ways to evaluate the system in real-life conditions.

5
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Chapter 2
Preliminary Research

Before producing the research questions and deciding on the specific research methods

to be used, it was important to understand the problem domain and related work done in

the field. This chapter details that process and the knowledge gained through interviews,

meetings and literature review. The chapter is concluded with the identified system re-

quirements and research gap.

2.1 Interviews

Interviews and informal meetings were conducted to understand the problem domain and

gain information on the current approach of applying for an exchange program from

NTNU. Two advisers from the Computer Science Department at NTNU (IDI) were inter-

viewed, and a meeting was conducted with the Office of International Relations at NTNU

(OIR). These engagements were also conducted to gain valuable feedback on possible

difficulties and limitations that might be encountered in the project.

7



Chapter 2. Preliminary Research

2.1.1 Student Advisers

Student advisers were interviewed to gain a better understanding of their role in the process

of approving courses for an exchange program. In the context of this process, student

advisers mostly work on reviewing courses found by students and gives recommendations

on courses to take, based on the students’ study plan. Advisers also give information to

students on partner universities and on the process as a whole. Several problem areas

were noted by the advisers. Firstly, a high workload in peak application periods makes

it difficult to spend enough time reviewing students’ courses. Secondly, a generally large

number of students makes it difficult for a personal follow-up throughout the exchange

program duration. Finally, the current process of approving exchange courses is arduous.

The advisers were highly positive to a research project which could find ways to resolve

some of these issues. Features suggested by advisers included digital course applications,

digital lists of approved courses for each department, and automatic expiration of course

approvals in this list based on approval date.

2.1.2 The Office of International Relations

The main reason for meeting with the staff of the OIR was to gain insight into the current

process of applying for exchange programs at NTNU. Another reason was to gain access

to the exchange experience report database that OIR maintains. These reports would be

highly valuable for giving the recommendations in the prototype. The database access

was, however, found to be restricted because it stores sensitive personal information. OIR

instead gave permission for this project to extract the reports directly from the website.

The OIR also presented, during the meeting, the results of a study on student motivation

they conducted in the spring of 2016 that were useful for determining focus areas of the

project. Furthermore, they noted some limitations the project might encounter, such as

different practices at various departments and little information on unpopular exchange

locations. The OIR suggested many features, among these were support for differences in

study points of courses, and recommendation of courses and universities at locations with

fewer students.

8



2.2 Current Approach

2.1.3 Previous Exchange Students

Because one of the authors has previously been on exchange, some of the difficulties of

the current process were already identified. It was, however, useful to interview students

from different departments and with other experiences to gain a better understanding of

the problem domain. The focus of the interviews was to ask questions on issues with

the current process and to brainstorm possible improvements. Significant issues noted by

the students were: concern of courses not being approved after an exchange period, diffi-

culty changing courses during the exchange period, and the tedious manual process before

an exchange period. The proposed features from students were: A map of where other

students have done an exchange program, combining courses from NTNU with possible

replacements at a foreign university and recommendation of universities and courses based

on the preferences of each student.

2.2 Current Approach

The following description is based on the current approach at the Computer Science De-

partment (IDI) at NTNU. It may, therefore, be some differences at other departments. See

Figure 2.1 for a short overview of the whole application process. The boxes colored in

green are the targeted problem areas of this research project.

Students are first required to find and choose the university where they want to do an

exchange program. There is a considerable number of possible choices, and NTNU only

gives information on universities with an cooperation agreement. After the university

is chosen, the students have to find courses that can be approved as a replacement for

the courses originally planned at NTNU. Most of the departments do not have a system

where students can enter their replacements or find the previously approved ones. One

exception is IDI, which utilize a digital table to make it easier for students to find course

replacements. However, manually maintaining the table is tedious work and it lacks useful

features such as data validation.
1NTNU’s application process: https://innsida.ntnu.no/utenlandsstudier
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Apply for
exchange

1. Select
location

2. Make
application

3. During
the stay 4. After the stay

1.1 Talk to ad-
viser

1.2 Find experi-
ences

1.3 Decide on
location

2.1 Pre-
approve
courses

2.2 Create ex-
change applica-
tion

2.3 Upload and
send applica-
tion

3.1 Write expe-
rience report

3.2 Contact ad-
viser in case of
course change

4.1 Create final
course approval
form

4.2 Send in
final approval
form

Figure 2.1: Current approach to apply for an exchange program at NTNU1

Throughout the duration of an exchange program, the students often have to change their

courses due to unforeseen circumstances, making the original approval invalid. To gain a

new approval, a student usually has to send an email to the adviser of their department to

get the new courses approved. If this process takes a while, and the course registration due

date is close, the student may have to take a course without approval from NTNU, risking

not getting it approved at the end of the exchange program.

2.3 Related Work

Mazzarol and Soutar [22] found that students’ general motivation is influenced by the

amount of available information on a university and its courses. Among the several fac-

tors which were reviewed, the “knowledge and awareness” factor proved to be the most

influencing one for choosing an international study location. Therefore, when researching

how an IS can improve the motivation of students to participate in an exchange program,

focusing on providing knowledge and awareness is important.

Furthermore, the OIR conducted a study on 464 exchange students in 2016 to investigate
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what factors could help increase the motivation to apply for an exchange program [27].

Among the 464 participating students, 84% answered that a list of previously approved

exchange courses could increase the number of students that go on exchange, and 80%

answered that pre-approved course packages could increase the numbers. These results

indicates that an IS which target these areas could be beneficial to increase the number of

students that apply for an exchange program.

Several approaches have been made to replace the manual process of choosing courses

with an IS. One example is by using a decision support system that advises students on

their course selection based on their program requirements and the course’s prerequisites,

as done at the University of Dhaka [31]. Furthermore, student course recommendation can

also be done intelligently by using recommendation engines and data mining techniques

to give relevant results. Sherpa [9] is a system that has been made especially for the goal

of providing course recommendations. Data mining techniques can also be used to predict

whether a student will fail or pass on a course [37].

Recommender systems are used extensively in both research and commercial products.

These systems provide several possible solutions that might be viable for the user to

choose. Examples of recent published papers on different recommender systems are: T-

Finder [41]; a system which recommends locations for taxis and passengers for the most

efficient trips, iTravel [40]; a peer-to-peer recommender system for exchanging ratings

on different tourist attractions, and Happy Movie [29]; a Facebook application for rec-

ommending movies to groups. When designing a recommender system it is important to

know which data that should be used as attributes. Cubillo et al. [21] identified the differ-

ent decision making factors for international students and their grouping. The five main

groups were city effect, country image effect, personal reasons, institution image and pro-

gram evaluation. One way to implement a recommender system is by utilizing case-based

reasoning (CBR).

CBR is today both a recognized and well-established method in several fields of sciences,

such as health science [4]. Because CBR is proven to be a suitable methodology for

complicated problems where uncertainty is involved [30], it has been applied to problems
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such as diagnosing chronic diseases in combination with data mining [17], and finding the

most suitable study program at a senior high school [23].

Case-based reasoning recommender Systems (CBR-RS) are also commonly used in deci-

sion problems, typically when there is not one exact answer, but rather several different

good answers. Many types of problems can be solved using CBR-RS systems. Examples

of such systems are: MOOC-Rec [8] a system which finds the most suitable Massive Open

Online Courses for e-learning, DieToRecs [14] which recommends travel destinations and

activities, and helps planning trips, and Entree [34], which recommends restaurants based

on a users preferences such as price, type of food and atmosphere.

2.4 Conclusion

This section presents the system requirements for the prototype and the identified research

gap the project targets.

2.4.1 System Requirements

The different needs and possible contributions identified in the preliminary research through

literature review, interviews and analyzing the current approach are shown in the require-

ments list (Table 2.1). In the survey [27] sent out by the OIR to students that have been

on exchange programs, 85% of 464 students stated that a list containing earlier approved

course matches would increase the number of students going on study exchange programs.

This functionality, therefore, felt especially important to include as a requirement. The

findings were also used to help define the research goals and questions (sec. 1.3).

2.4.2 The Identified Research Gap

Among the many applications utilizing the CBR methodology, none has covered the issue

of finding the most suitable country, university and courses when going on an exchange
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program. This gap in knowledge combined with the needs identified in the system re-

quirements is what this project will target through the research questions and goals (sec.

1.3).

Table 2.1: System requirements derived from preliminary research

# Requirement Priority Source
1 Recommend universities and courses 1 Students, OIR
2 List previously approved course matches 2 Students, advisers

3
Support matching of exchange courses
with NTNU courses 2 Students

4 Handle course approval applications 3 Advisers

5
Show number of exchange students that have
been in each country with a world map 4 Students
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Chapter 3
Theory

This chapter presents the theory on CBR methodology and CBR Recommender Systems

(CBR-RS), which were used to create Utsida. It also introduces myCBR; the software tool

used to model and implement the CBR-RS part of Utsida.

3.1 Case-based Reasoning

Case-Based Reasoning (CBR) is a methodology in the field of AI for capturing and reusing

experiences. The CBR methodology use these experiences to yield solutions to a large

range of problems where uncertainty is involved [30]. Implied by the name, CBR can

be broken down into two main concepts: cases and reasoning. A case is an experience

of a solved problem and consists of two parts: a problem description and its solution.

Reasoning refers to the approach of finding solutions to problems by evaluating different

experiences (i.e. cases). Reasoning in CBR differs from other kinds of reasoning because

it does not lead from true assumptions to true conclusions [30]. This means that for two

cases with similar problem descriptions, the solution to one might not be the solution to

the other. The recorded experience in the first instance may not be exactly similar to the

other case.
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3.1.1 Case Representation

A case is usually represented as a feature vector, consisting of pairs of attributes and their

values. An example is a diagnosis of a sick patient, as shown in Table 3.1. Here, the

attributes of the case are a collection of symptoms, and the values are whether the patient

has the symptom or not. The solution to the case is the final diagnosis of the patient.

A Concept represents a case and has a case-representation, global and local similarity

measures, and a weight value for each attribute in the case-representation.

Table 3.1: Case representation example

Part Attribute Value

Problem

Nausea Yes
Fever Yes
Malaise Dizzy
Blood pressure Normal
Vision changes No
Shortness of breath No

Solution Diagnosis Influenza

3.1.2 The CBR-Cycle

Aamodt and Plaza [1] defined a model which explain the problem solving cycle in CBR

(Fig. 3.1). The cycle defines the four distinct steps, the 4 R’s, of the CBR process and can

be summarized as followed.

1. Retrieve: The most similar case is retrieved from the system’s case-base so that it can

be compared to a new case.

2. Reuse: Solutions are adapted to fit the new case.

3. Revise: The new case is evaluated and tested for success, and is repaired if it fails.

4. Retain: The new case with the given solution is retained in the case base for future

usage.

16



3.1 Case-based Reasoning

Figure 3.1: The CBR Cycle (Aamodt & Plaza) [1]

3.1.3 Case-based Reasoning Systems

A case-based reasoning System (CBRS) is a system which uses the CBR methodology

to solve problems. When the system receives a new problem, it first performs step 1

in the CBR-cycle (retrieve) by selecting the most similar case. This step includes using

similarity measures to determine the similarity between each case and the new problem.

Next, the system adapts the solution of the case to the new problem (step 2, reuse). The

proposed solution to the new problem is then tested by the system, and if found necessary,

repaired (step 3, revise). Finally, the adapted solution is stored as a new case in the system’s

collection of cases, called the case-base (step 4, retain).
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3.1.4 Similarity Measures

Similarity measures calculate the degree of similarity (i.e. similarity score) between an

attribute in a problem and the corresponding attribute in a case from the case-base. The

local similarity measure for each attribute is usually different and is often tailored to suit

the data type of the attribute, e.g. integer, string or symbol. Each attribute in a case also

has a weight value, which decides the importance of that attribute. The global similarity

between a case and a problem is calculated by using an amalgamation function such as

weighted sum. A weighted sum function use the local similarity scores with the weights

as coefficients to calculate the global similarity.

3.2 myCBR

myCBR1 is a tool for rapid prototyping of CBRSs and focuses on the retrieval step of the

CBR cycle [33]. It is developed and maintained as a joint project between the German

Research Center for Artificial Intelligence and the School of Technology and Computing

at the University of West London. The myCBR project includes two parts: a Software

Development Kit (SDK), and a graphical user interface (GUI) called the myCBR Work-

bench.

The myCBR SDK is written in the Java programming language and is the core of myCBR,

containing all of its functionality. The SDK allows developers to use or extend the func-

tionality of myCBR in custom applications. The current version (3.1) of the myCBR SDK

only supports the similarity based retrieval step of the CBR-cycle.

The myCBR Workbench provides a GUI for implementing and modeling most of the func-

tionality in the SDK. The GUI lets developers prototype and utilizes the SDK without

having an in-depth knowledge of its inner functions. The myCBR Workbench supports

importing predefined cases with the Comma-separated values (CSV) file format. It also

includes a set of default similarity measures, which are visualized with graphs and tables,

making modeling of concepts easier.
1myCBR: http://www.mycbr-project.net/
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3.3 Case-based Reasoning Recommender Systems

Recommender systems mainly use either a collaborative or case-based approach to give

recommendations [11]. The collaborative approach uses the rating and opinions of other

users who have experienced a product or gone through the same process. The case-based

approach, on the other hand, uses a case-base as the pool of information to pick recom-

mendations from.

A case-based reasoning recommender system (CBR-RS) share many similarities with

case-based reasoning systems (CBRS). The most noteworthy is that both types of sys-

tems have a case-base which they use to determine the best solution or recommendation.

While a CBRS receives a query structured as a problem, a CBR-RS, on the other hand,

receives a query structured more like a wish [30]. This wish includes user preferences and,

if present, information from a user profile. The main difference between the two systems,

however, lies in the way the systems propose a solution to a query. A CBR-RS usually

gives several recommendations relevant to the wish of the user, while a CBRS typically

gives a single solution which matches the query best. Similar to a CBRS, a CBR-RS use

CBR as the underlying methodology. The use of similarity-based retrieval is a beneficial

feature for both CBR-RS and CBRS, giving advantages compared to more traditional ex-

act matching techniques such as conventional database retrieval and classical constraint

satisfaction techniques [11].

3.4 Evaluating Recommender Systems

Recommendation systems are often evaluated and ranked based on their prediction power

[32]. However, what is considered a relevant recommendation in a given scenario is often

subjective. Therefore, it is challenging to evaluate whether a recommendation is satisfac-

tory. For example, some users are interested in receiving recommendations which they are

familiar with, while others may want recommendations that are more diverse to discover

new items. Shani and Gunawardana [32] describes three levels of experiments to evaluate

recommendation systems: offline experiments, user studies and online evaluation.
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Offline Experiments When evaluating recommender systems with offline experiments,

there are no actual users. Instead, a collection of data based on earlier user choices is

used to simulate real user queries. The results of the queries can be used to evaluate the

prediction power of the recommender. The queries should, to produce proper results, be

similar to the queries that users will make in a production version of the system. Since

an offline experiment requires no user interaction, it is a cheap and efficient approach of

evaluating a recommendation system. It does however only evaluate a small set of possi-

ble user queries, and does not provide any information on user behavior of the system. An

offline experiment can be used on different recommendation algorithms to evaluate them

against each other. The data sets used to simulate user queries can either be designed by

hand or by using a random selector on stored queries. Different types of biases can be in-

troduced when generating the user queries, but methods such as reweighting or resampling

can lower the influence of these biases.

User Studies In a user study the recommender system is tested on real users who are

given tasks to complete. Their behavior and their satisfaction with the recommendations

are then measured, and the feedback used to improve the system. User studies can use

questionnaires to get feedback from users on their experience. The main advantages of a

user study are that a broad range of questions can be answered and that a large amount of

data, both qualitative and quantitative can be collected. The test users should represent the

actual population of desired users, or else the results might be more vulnerable to biases

such as non-response bias.

Online Evaluation By evaluating a recommender system with the online evaluation

method, data on real behavior and user interaction can be collected from a live system.

Several measures can be used to evaluate the system in an online evaluation, e.g., using

different recommendation algorithms and measuring their use. To ensure a fair test of the

different algorithms it is important that the users are redirected to each algorithm randomly.

When the focus is only on evaluating the user interaction and design of the system, it might

be more desirable to use only one algorithm and reduce the users’ disorientation.
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Research Method

The purpose of this project is to create a prototype to improve students’ motivation for ap-

plying for an exchange program by recommending courses and universities. The research

questions were first created after defining the project’s purpose and refined after identify-

ing the background, motivation, relevant theory and related work through the preliminary

research. The research questions were answered by evaluating a prototype created using

the design and creation strategy. The final evaluation was done by using primarily quanti-

tative data analysis on data generated by questionnaires and an offline experiment.

Oates’[26] model of the research process was used as a guideline for selecting the most

appropriate research methods. The model and the specific methods chosen is displayed in

Figure 4.1. This chapter first presents the chosen research strategy. Next, the data genera-

tion methods and their respective data analysis methods are described. Lastly, the practical

and ethical issues which influenced and limited the research project are discussed.
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Figure 4.1: Outlined research process for the project

4.1 Research Strategy: Design and Creation

The design and creation strategy focuses on creating computer-based artefacts which in

some way contributes with new knowledge [26]. An artefact can be either be a contri-

bution to new knowledge in itself, a tool used to answer questions, or the end-product of

a development process focused project. This strategy adds research properties to regu-

lar software development by including academic qualities such as analysis, explanation,

argument, justification and critical evaluation.

This project utilized the design and creation strategy to develop a prototype named Utsida.

Utsida is an information system (IS) built from the identified system requirements (sec.

2.4.1) and is used as a tool to answer both RQ1 and RQ2. The design and creation strategy

follows the steps of the Design Science Research process model defined by Vaishnavi and

Kuechler [36]. These steps are: Awareness, Suggestion, Development, Evaluation, and

Conclusion.
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4.1.1 Awareness and Suggestion

The awareness step involves finding and defining the problem domain, while in the sug-

gestion step, the problem is refined into a tentative idea on how it might be solved. The

domain was defined by the preliminary research (Ch. 2), through the production of re-

search questions (sec. 1.3) and by gaining knowledge on relevant theory (Ch. 3). When

the problem had been properly identified, a initial suggestion for the system was made.

This suggestion included the first design details for the system which initiated the iterative

development process.

4.1.2 Development

In the development step the idea formed in the suggestion step is implemented and a choice

is made on what software development process to use. To answer the research questions

it was necessary to produce data on user interaction and satisfaction. It was, therefore, es-

sential that the web application part of Utsida was easy and intuitive to use. To ensure high

user satisfaction, the software development of Utsida was done in an iterative process. This

included communicating with potential users throughout the development and conducting

usability tests. The spiral model, introduced by Boehm [7], is a common model for itera-

tive development, and was chosen as the foundation for the software development process

of Utsida. Each spiral in the model includes steps for analyzing risks and requirements,

development and testing of a prototype, planning the next iteration, and determining the

objective of the next iteration. Figure 4.2 shows the chosen development process of Utsida.

The process was inspired by the spiral model, but has less risk assessment, validation and

planning. The changes were done to implement and test new functionality more rapidly.

After each development step, the prototype was tested on students through usability tests.

In the next step, verification and validation, the results of the usability tests were used to

evaluate the prototype based on the requirements and goals. The development process was

then continued if needed or terminated if the prototype was deemed ready for the final

evaluation.
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Figure 4.2: Iterative development process of Utsida

Usability Testing

The usability tests in each development cycle were performed on the web application to

evaluate and ensure sufficient usability. The test participants consisted in a large degree of

students who had an understanding of the current approach for applying for an exchange

program. Students from different study programs were tested to ensure a broad specter of

backgrounds. These tests helped find and resolve flaws in both the general functionality

and design so that the system was as reliable as possible before conducting the final user

study. Data was collected by interviewing the testers, observing their use of the system,

and have them fill out a System Usability Scale (SUS)-schema [12]. During the interview

the interviewee was asked questions such as “How would you expect this functionality to

work?”, “Was it easy to navigate the system?” and “Was it intuitive to understand how

that functionality works?”. After each test, the data was analyzed by using the SUS score

[12].

4.1.3 Evaluation and Conclusion

In the evaluation step the developed prototype is assessed. The results and knowledge

gained in the evaluation are then analyzed and discussed in the conclusion step. The final

evaluation of Utsida and conclusion of the project was done by analyzing and discussing
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the data generated by the chosen data generation methods. Several methods were reviewed.

Because there was no client, or persons with high stakes in this project, interviews were

not viewed upon as a feasible method to generate data. Data generation through docu-

ments was also not a viable method, because of no existing documents about the problem

context. The observation method was used in the usability tests but was not relevant for the

final evaluation. However, questionnaires and experiments were suitable ways to generate

the data needed the answer the project’s research questions and were, therefore, chosen

as the methods to use. Using questionnaires made it possible to obtain generalized opin-

ions on the system’s motivational effect, and an experiment made it possible to objectively

evaluate the suitability of the recommendations without user bias. Two questionnaires,

questionnaire 1 and 2, and one experiment was used in the final evaluation. Questionnaire

1 was a study on motivational factors for going on exchange. While questionnaire 2 and

the experiment were designed after known methods of evaluating recommender systems,

namely the user study and offline experiment methods presented by Shani and Gunawar-

dana [32]. The results of these data generations methods are presented in Chapter 6, and

discussed in Chapter 7.

4.2 Questionnaires

Questionnaire 1 (sec. 4.2.3) was conducted during the development of the system with

the goal of learning what students think are the most important motivational factors for

choosing an exchange location. Questionnaire 2 (sec. 4.2.4) was conducted after the

prototype was deemed ready and was a final evaluation and user study of the prototype,

Utsida.

Both questionnaires were self-administrated, which promoted the opportunity to collect

data from a representative number of students at once. The target group of the ques-

tionnaires were students that had some experience with exchange studies. To acquire a

large amount of students who were in this group, a cooperation with the OIR was made,

and they agreed to publish the questionnaires on their Facebook page with approximately

3300 followers, most of them being in the target group of this research project.
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In order to keep the margin of error to a minimum it was important to get feedback from

as many students as possible. The target population of the questionnaires was students

that have been on exchange from NTNU, and students that were interested in exchange.

The population was roughly estimated to be between 10000 to 14000 students. According

to Krejcie and Morgan [18] a sample size of approximately 370 is optimal (i.e. to give a

margin of error less then 5%) with a population size of 10 000. However, considering the

limitations of budget, time and marketing resources, the expected sample size in this study

was considerably lower than the optimal size. Hence, a sample size goal of 100 students

was set for the questionnaires. With a population of 10 000 and confidence level of 95%,

this would give a margin of error of approximately 10% [39].

The majority of the questions in the questionnaires were closed questions formed as either:

a Likert Scale [2], a semantic differential scale [28] or with “Yes”, “No”, or “Don’t know”

options. Also, the students were asked optional open questions where they could articulate

their opinions freely.

4.2.1 Validity and Reliability

Content validity is concerned with whether the questions in the questionnaire represents a

good sample of the actual problem to be investigated [26]. This means that the selected

questions should cover all the different evaluations needed to answer the research questions

accurately. Feedback from potential participants and pilot tests were used to evaluate the

validity, and the questions were formed with the possible evaluation criteria of the research

questions in mind. For RQ1 the criteria is the use of the system and its motivational

effect, while for RQ2, the criteria is if the system recommends viable universities and

courses.

Construct validity means that the questionnaire is evaluating what it was intended to evalu-

ate, and not other aspects [26]. Both questionnaires were designed to ensure the construct

validity by using clear and straightforward questions that were in the scope of the research

questions. The questionnaires were designed in an iterative process to remove or change

possible irrelevant or poorly formulated questions.
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The measurement of reliability finds out whether the questionnaire yields consistent re-

sults. The reliability is difficult to assess as the questionnaires were only published once.

Evaluating several times with part of the participants could also have distorted the data by

giving them more time to be familiar with the prototype. However, one way to measure

the reliability or internal consistency is using Cronbach’s alpha [6], which was done on the

Likert scale questions in questionnaire 2.

4.2.2 Bias

When using questionnaires as the primary method to collect data, several risks of bias can

be introduced, including central tendency bias, acquiescence bias, social desirability bias

and non-response bias [16]. This section presents these biases, how they could affect the

results and how the risk of bias was reduced.

Central tendency bias is a risk when the questions have extreme response categories

and is especially relevant for the Likert scale and Semantic Differential Scale. This bias

means a participant is more likely answer in the middle of the scale. A lower point scale

was used in questionnaire 2 to reduce the tendency of answers being in the middle of the

scale. Both questionnaires also aimed to have clear questions that reduced the likelihood

of participants to answer in the middle of the scale.

Acquiescence bias is when the participant is likely to answer positively on a question

[13]. To reduce the acquiescence bias, the questions were designed to not be very posi-

tively based. However, due to the nature of the questions having less social desirability

and not being of a sensitive type, an acquiescence bias was not likely to have a large

impact.

Social desirability bias influence a participant to deny undesirable traits or positively

answer questions that are socially desirable. Questions were striven to be neutral state-

ments where the participants could state their degree of agreement. An example is the use
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of the Likert-type question format.

Non-response bias is when respondents’ answers are considerably different from the

possible answers of those that do not respond. Considering the response on the question-

naires was a small proportion of the full population, non-response bias was unavoidable.

Those who did not participate might think the research sounds uninteresting, and if they

participated, they might respond with more negative answers. Oppositely, the target popu-

lation for the questionnaires were students who already had an interest in exchange studies,

which might influence responses to be more positive.

4.2.3 Questionnaire 1: Motivational Factors

The goal of questionnaire 1 was to gain knowledge on important motivational factors for

students when they choose an exchange location and university. The results from this ques-

tionnaire was also used to assign the weights of the attributes in the exchange experience

concept, and used to justify what attributes to include.

The main question in the questionnaire was closed and formed according to a seven-point

semantic differential scale, shown in Figure 4.3. A seven-point scale was chosen instead

of the more standard five-point scale to better fit the model in the myCBR Workbench

where the weights are represented in a range from 1-10. The participants ranked each

motivational factor according to their opinion of the factor’s decisiveness. Questionnaire

1 also included an open question which asked for input on other important motivational

factors. See appendix A.2 for all the questions included in questionnaire 1.

Figure 4.3: Question format in questionnaire 1
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Data analysis

The numerical data from the questionnaire was analyzed in a quantitative manner, by cal-

culating the mean, standard deviation and coefficient of variation for each attribute. The

coefficient of variation (i.e. the spread relative to the mean of the data) was calculated

to rank each attribute against each other. The resulting rank was then used to choose the

weights of the attributes in the CBR-RS.

The open question was analyzed in a qualitative manner by using theme analysis [26].

Each answer was first reduced to only contain important sections related to the goal of the

question. These important sections were then reduced to one or several common themes,

and, finally, the number of occurrences of each theme was counted and ranked by impor-

tance.

4.2.4 Questionnaire 2: User Testing of Utsida

The three goals of questionnaire 2 was to: 1) evaluate and analyze how Utsida affects stu-

dents’ motivation for applying for an exchange program; 2) find out whether students who

have already been on an exchange program thinks Utsida could have made their process

easier; and 3) evaluate if Utsida gave relevant recommendations to the user.

The questionnaire was structured in two parts; one for reviewing the motivation and use of

the application, and one for evaluating the CBR-RS’ recommendations. All the questions

from both parts can viewed in Appendix B.3.

Part 1: Motivational Effect and Use

The goal of part 1 was to find out what effect Utsida may have on students’ motivation

to apply for an exchange program (RQ1). The participating students got slightly different

questions depending on whether they had participated in an exchange program or not. The

questions followed the Likert-type format [20] with a five-point scale where each option

represents the degree of agreement to a given statement, shown in Figure 4.4
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Figure 4.4: Question format for selecting level of agreement on a statement in questionnaire 2

Part 2: Evaluation of Recommendations

The second part of the questionnaire targeted RQ2 by letting participants evaluate the rec-

ommendations they received from Utsida, and evaluate the recommendations from two

pre-defined queries. The question form was designed to have simple “Yes”, “No”, “Don’t

know” answers to easier determine the amount of participants that received relevant recom-

mendations. The pre-defined queries (App. B.1), were included to evaluate the recommen-

dations for a specific query and to avoid the evaluations being affected by a participants’

preference for a query. The evaluation of the pre-defined queries included a question which

asked the participating students to rate the recommendations on a scale of suitability (Fig.

4.5).

Figure 4.5: Question format for evaluating suitability of recommendations for a pre-defined query
in questionnaire 2

Data Analysis

The data analysis on the results from questionnaire 2 was done in a similar fashion as in

questionnaire 1 by using quantitative analysis on the closed questions and simple quali-

tative analysis on the open question. The closed Likert-type questions produced ordinal

data, meaning that the standard range between the values on the scale can not be deter-
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mined. The data was, therefore, analyzed by using frequencies and mode. For the “Yes”,

“No” or “Don’t know” questions however, only percentages and number of answers for

each option is used. Cronbach’s alpha was used to asses the internal consistency of the

Likert scale questions regarding motivation.

4.3 Offline Experiment on the CBR-RS

An offline experiment method introduced by Shani and Gunawardana [32] was used to

evaluate the relevancy of the recommendations of the CBR-RS, and thus contributed to

answering RQ2. The experiment is a specific method to evaluate recommendation sys-

tems in an offline setting without user influence, and should not be misinterpreted as the

Experiment research strategy.

The offline experiment was conducted with 20 queries (App. C.1) that were generated to

simulate 20 unique users. Each query was sent to two different concept configurations

in the CBR-RS. One with adjusted similarity measures, taxonomies and weights, and one

simulating standard exact match search. The simulation was done by only using exact

match similarity measures and equal attribute weights. The scores for each recommenda-

tion was then given according to the score metric in Table 4.1, and the total score for each

configuration was the mean score of each query. The hypothesis was that the configuration

with adjusted similarity measures and weights would score higher than the configuration

with a standard exact match search.

This method made it possible to test the CBR-RS with a large set of inputs at a low cost.

One downside of the method is that the queries only represent a small part of the possible

user searches. This was mitigated by selecting a wide range of possible attributes and

users profiles. Another disadvantage was that the offline experiment did not evaluate the

CBR-RS with actual users, but it was mitigated by conducting continuous usability tests

in addition to the user study with questionnaire 2. The Course attribute is not included in

this experiment because the relevancy of the attribute is difficult to objectively measure

and score without user feedback.

31



Chapter 4. Research Method

Rating scale for recommendations (0-10 points)
Attribute 0 points 1 point 2 points

Department
wrong faculty,
wrong department

correct faculty,
wrong department correct department

Year before 2011 2011-2013 2014-2017

Geographic Location
wrong country,
wrong continent

correct continent,
wrong country correct country

University no match perfect match

Language no match
the language is
part of the list perfect match

Ratings 0.5 points for each rating in range (-1, rating +1)

Table 4.1: Score matrix used to evaluate the recommendations in the offline experiment

Data Analysis

The offline experiment generated quantitative data that was statistically analyzed. The cen-

tral tendency was analyzed with the mean and standard deviation measures, and a paired

t-test was conducted to define the significance of the result. The confidence level of the

t-test was 95% with a p-value limit of 0.05.

4.4 Ethical Issues

Some ethical issues regarding data collection and storage were considered in the research

project. The designated data collection methods kept all participants anonymous, but some

meta-data was collected, such as which faculty and university the participants belonged

to. Furthermore, as an incentive for students to answer the questionnaires, lottery prizes

were promoted for participating. To be able to enter the lottery, the participants had to

enter their e-mail. The lottery was entirely optional and participants could register their

answers without entering the lottery. The answers were stored in a Google Spreadsheet

anonymously, and the entered e-mails were scrambled in a random order so that they

were not linked to their answers. This way, there was no way to identify each answer.

After the lottery was completed all the emails were deleted and only the winner contacted.

Informed consent was maintained in the questionnaires and usability tests by informing
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the participants about the purpose and goals, and by stating that the entire process for all

participants is entirely voluntarily and that they can stop any time they want.

During the user study of the system, the users created an account which included storing

their chosen password, e-mail, name and department at NTNU. This information could not

be linked to the questionnaire they took, but it still raised an ethical issue, considering the

authors had access to this data. During the development of the system, steps were taken

to ensure the confidentiality of the users of the system by using encryption and proper

security measures.

4.5 Practical Issues

This research project was performed by two students, with one supervisor to guide the

project. There was a minuscule amount of monetary funds, and the available project du-

ration was limited to nine months. The data which served as the results was primarily

produced by real users. With the minimal budget, a practical issue was to produce in-

centive for enough students to answer the surveys. Furthermore, because of the limited

time, both larger administrated tests and self-administrated tests were considered out of

reach.
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Chapter 5
Implementation

To be able to answer the research questions using the methods described in the previous

chapter, a prototype needed to be developed. This chapter covers the implementation and

architecture of that prototype, named Utsida, and introduces its different parts, compo-

nents, design and usability choices, and test environment.

5.1 System Overview

Utsida consists of two sub-systems, where the first part is a web application, and the sec-

ond part is a case-based reasoning recommender system (CBR-RS). Each part primarily

focuses on one of the research questions. The web application is designed to increase the

motivation (RQ1), while the CBR-RS is designed to find out how suitable CBR is to give

recommendations on exchange universities and courses (RQ2). The recommendations

made by the CBR-RS could also affect the motivation (RQ1). Utsida was chosen as the

name of the system due to being a counter opposite to NTNU’s central system Innsida, and

the meaning of the word inside. Utsida gives a relation to something on the outside, in this

case going on an exchange program. The design and implementation of Utsida was based

on the system requirements (sec. 2.4.1) identified in the preliminary research.
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As illustrated by Figure 5.1, the web application part communicates with the CBR-RS part.

Recommendation queries are sent from the web application by a user and received by the

CBR-RS through its Representational State Transfer (REST) Application Programming

Interface (API). These queries are in turn matched against the entire case-base in the CBR-

RS. Finally, all the cases are given a similarity score based on the user query and the most

similar cases are returned to the web application. The user can then select a specific case

from the several recommendations shown in the web application.

Figure 5.1: Architectural overview of Utsida

5.2 Data and Information

Utsida requires up to date organizational data about NTNU. This includes all the courses,

faculties, and departments at NTNU. The required organizational data was gathered with

the Faculty of Information Technology and Electrical Engineering organizational (IE)’s

API1. This API was, however, recently discontinued, so to update this data after 2016, a

1NTNU organizational API: http://www.ime.ntnu.no/api/
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new data source would have to be found. Furthermore, the course matches component

(sec. 5.3.1) in the web application relies on information on previously approved course

matches2. To avoid a cold start, some approved course matches from IDI were parsed and

used in the component. The most critical data, however, was the data used to create cases

for the CBR-RS, namely the experience reports. All data used in Utsida was analyzed

according to the six primary dimensions for data quality assessment [3] to gain awareness

of the possible limitations before deciding on Utsida’s database models.

5.2.1 The Experience Reports

Most students who go on an exchange program from NTNU have to write obligatory re-

ports about their exchange experience to the OIR. These reports are available to the public,

and are written in the period between 1999 and 2016. Because the reports include a large

amount of information on exchange experiences, they were used as the data foundation

for the cases. Typically, the case-base in a CBR-RS start off with a low amount of cases

and gradually expand as new cases are retained. In this project, however, it was essential

to have an initially large number of cases. Therefore, all of the current public experience

reports were parsed and used as cases in the CBR-RS’ case-base.

5.2.2 Parsing the Experience Reports

The experience reports are essentially large text files in HyperText Markup Language

(HTML) format. To be able to use them in the CBR-RS, all the useful information in

the files had to be extracted and parsed to cases in a CSV file, which is the file format

used for case-bases in myCBR. This was done with a custom script written in the Python

programming language. In short, all available experience reports were first downloaded as

HTML files and stored in a directory. Next, the script looped through all the HTML files,

read the internal data, and finally stored all the chosen data in a CSV file. This way, each

2Course matches: Sets of courses where one or more courses from another university are approved by advisers
as a replacement for a course at NTNU
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row in the CSV file would correspond to one case with the attributes given by Table 5.1.

This process resulted in a CSV file with 8702 cases which formed the case-base.

A large part of the text fields in the experience reports were free text, which means that

the format of each field was decided by the author and did follow any standard. The

parsing script, therefore, had to use specific methods to parse each attribute to the correct

format. Two methods were primarily used to parse the data; data dictionary look-ups

and approximate string matching, also called fuzzy searching. Edge cases that were not

detected by these techniques were solved with basic string operations. In the end, most of

the data in the experience reports was transformed into usable data in the CBR-RS. It was,

however, not possible to ensure that all of the data in the experience reports were parsed

to a correct format while still keeping its original meaning.

Fuzzy Searching is an algorithm used to determine the similarity between two textual in-

puts. It calculates a similarity score between two textual inputs by recognizing patterns

and similarities in the two inputs. By using fuzzy searching in the parser script, the data

in the experience reports could be mapped against a predefined set of attributes, and return

the attribute with the highest similarity. For example, the department field in the experi-

ence reports had a significant variation of abbreviations and ways of spelling. By creating

a dictionary with all departments and faculties, fuzzy searching could be used to find the

department in the dictionary with the highest similarity to the department in the experi-

ence report. This is illustrated in Figure 5.2. This method was also used on the university

field to avoid creating multiple instances in the database. Several more Python dictionaries

were configured to be able to map the necessary data in the experience reports to a cor-

rect format. These includes dictionaries for countries, continents, languages, universities,

departments, and faculties.
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Figure 5.2: How fuzzy searching is used to convert fields in the experience reports to a standard
format defined in a dictionary.

5.3 The Web Application

This section presents the different components of the web application, the tools and frame-

works used, and reasoning for design and usability choices.

5.3.1 Components

The web application part of Utsida is divided into three main components, as Figure 5.1

depicts: Recommendation, Profile and Course matches. The aim of the components as a

whole is to answer RQ1 and increase the motivation of students to go on an exchange pro-

gram. Each component targets one or several of the requirements of Utsida, listed in Table

2.1 The requirements are referenced in a REQ.# format, with # as the requirement number.

REQ.5 is handled by the web application home page and not by any component.

Recommendation

The recommendation component targets REQ.1. This component handles all the commu-

nication with the CBR-RS part; Queries made by users are sent in the JavaScript Object

Notation (JSON) format to the CBR-RS through HyperText Transfer Protocol (HTTP) re-

quests, which returns all of its cases and their respective similarity score, also in JSON

format. In this component, a user can select their preferences and requirements for an

exchange program. The user is then presented with a list of the best suiting universities
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for their query (Fig. 5.3). The universities in the list can each be selected to show the

best matching experiences for that university (Fig. 5.4). Each experience contains a list of

courses taken and serves as a recommendation.

Course Matches

The course matches component target REQ.2, and its purpose is to display all approved

course matches stored in the web application. The component filters course matches by

which university they are approved for, and supports adding, deleting, commenting and

editing of course matches by student advisers. For a student, this component serves as a re-

source where they can: find replacements for their courses at NTNU, get information about

the courses and the approval of them, and save the course match to their profile.

Profile

The profile component handles all profile functionality, such as authentication, and con-

tains the required personal information about each student. One especially important in-

formation is the user’s department, which is stored in the profile and used by the web ap-

plication in a recommendation query. The component has two sub-components: Courses

and Applications.

Courses is a sub-component of the profile component and targets REQ.3. It contains

functionalities which enable a student to organize their application process. This includes

storing courses at home, courses abroad and course matches. From the course page, shown

in Figure 5.5, students can also manually match abroad- and home courses to create new

course matches for their applications. This component replaces a large part of the course

match approval process and is essential for the digitalization of the process.

Applications is another sub-component of the profile component and targets REQ.4. It

stores user submitted applications that contains the course matches a user wants to get

approved. It also maintains the functionality needed to create applications. For students
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and student advisers, the application component serves as a digital version of the current

paper-based application process. In this component, advisers can approve, reject, and

remove applications, while students can submit and track the status of their application.

This component is an extension needed to complete Utsida as a possible replacement of

NTNU’s current approach of approving courses for an exchange program.

Figure 5.3: Recommendation view

Figure 5.4: Course recommendation view after selecting university
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Figure 5.5: View for saving, viewing and matching courses

5.3.2 Tools and Frameworks

When developing the web application part of Utsida, several tools and packages were used

to simplify the development process and to implement functionality that was not feasible

to develop from scratch.

To enforce a responsive and aesthetic design, Bootstrap 33 was used as the front-end Cas-

cading Style Sheets (CSS) framework. jQuery4 was used to simplify HTTP requests,

which this system largely relies on both internally in the web application and between

the web application and the CBR-RS. A collection of packages for the Python language

was also used. These packages include FuzzyWuzzy5: a packages which handles apprxi-

mate string matching, Requests6: a package for writing HTTP requests from Python, and

Python-social-auth7 combined with Dataporten-auth8 to enable the use of authentication

methods such as Feide, the authentication service used at NTNU.

Django9, a web framework using the Python programming language, was chosen as the

web framework to use in the web application. Django is maintained by the Django Soft-

ware Foundation (DSF). The DSF calls it an MTV-framework, meaning Model, Template,

3Bootstrap: http://getbootstrap.com/
4jQuery: https://jquery.com/
5FuzzyWuzzy: https://pypi.python.org/pypi/fuzzywuzzy
6Requests: http://docs.python-requests.org/en/master/
7Python Social Auth: http://python-social-auth-docs.readthedocs.io/
8Dataporten-auth: https://pypi.python.org/pypi/dataporten-auth/0.1
9Django: https://docs.djangoproject.com/en/1.10/
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View, which in practice functions as a Model View Controller (MVC) pattern. Django

includes many built-in features: an SQLite database, a predefined directory structure, con-

trollers to handle communication between the different components, and many others.

Another important feature is Django’s built-in security packages, which handles security

risks such as Cross-Site Request Forgery, authorization, and Cross-Site Scripting. Django

also includes an administrator panel, which enables management of database models with

a simple interface. In conclusion, the reason for choosing Django as the main framework

was because it offered a complete package that reduced the time used on structural diffi-

culties and made it possible to focus on the usability and evaluation methods.

5.3.3 Design Choices

The design in terms of both functionality and aesthetics was an integral part of the devel-

opment of the web application part of Utsida. Both of the questionnaires in the project

were conducted remotely and were self-administered, which removes the option to help

the participants with possible issues. Therefore, Utsida had to be designed in a way which

would produce as little issues and hardships for the users as possible.

The design process of Utsida is inspired by the User Centered Design process, introduced

by Norman and Draper [24]. Potential users of the system were included throughout the

development process, either with small interviews or larger usability tests. The results of

these tests resulted in several identified problem areas. Measures were implemented to

reduce the problem areas and strive for a user-centered design. Some of these measures

were:

• Personalized items: Buttons and links to parts of the application that contain user

specific data are prefixed with the word ”My”, for example: My courses, My profile,

My applications.

• Inline help text: Some parts of the application contain help text for users that may

need it. The help texts are shown by hovering or clicking on a question mark button.

• Streamlined process: The typical chronological use of Utsida is displayed as a nu-
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merated process to guide the user, as shown in Figure 5.6.

Figure 5.6: Home page of Utsida. Showing the process flow help text.

5.4 The CBR-RS

This section describes how the CBR-RS was modeled with the myCBR Workbench and

how it was implemented to give the most relevant recommendations. Furthermore, this

section includes details on the case representation, the similarity measures used, how the

weighting of the attributes in the exchange experience concept was done, and how the

system itself is structured.

5.4.1 Overview

The CBR-RS is a customized version of an open-source Java Spring10 application that

implements the myCBR SDK. To serve requests from a web application, the Java appli-

cation uses a REST API implemented with the Spring framework. This architecture made

it possible to let the web application and the CBR-RS be two independent systems, only

communicating through HTTP requests. The CBR-RS imports a custom myCBR project

file which contains the exchange experience concept’s case representation, the similarity

10Spring: https://spring.io/
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measures used for each attribute and the attributes’ weight values. It also imports a CSV

file containing all the cases, used as the case-base.

When a request is made by a user in the web application, a query is first sent to the CBR-

RS. When the CBR-RS receives the query, it performs the first step of the CBR-cycle

by using the retrieve operation in the myCBR SDK. The myCBR SDK then returns the

exchange experiences (i.e. cases) with their respective similarity scores. The exchange

experiences are further ordered from highest to lowest similarity, and finally, the exchange

experiences with the highest similarity scores are returned to the web application. Figure

5.7 displays how a request made by a user in the web application traverse between the two

systems to return a list of the most similar exchange experiences.

Figure 5.7: Sequence diagram for a recommendation request in Utsida

5.4.2 Case Representation

The exchange experience reports are the underlying data the CBR-RS use to give recom-

mendations. These reports contain a significant amount of information and not all of it is

relevant. Only a small part of the data was used to ensure that Utsida gives relevant rec-

ommendations and is straightforward to use. The first choice of information to use for the

initial case representation were based on personal experiences and a study by Cubillo et.
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al. [21] that identified groups of important motivational factors. This representation was,

however, extended in an iterative process of usability tests and then finalized by using the

results of questionnaire 1 (sec. 4.2.3). The final case representation is displayed in Table

5.1.

Table 5.1: Case representation in the CBR-RS

Attributes Example case values
Department IME-IDI - Institutt for datateknikk og

informasjonsvitenskap
Continent North America
Country USA
University UCLA
Language English
Study Period 2012
Academic Quality Rating 8
Social Quality Rating 4
Ease to find- and quality of
residential

5

Support and reception at
university

6

Subjects Taken

COMP1927 - Computing 2
MATH3220
CS4210
DATA101

The Problem Part

The problem part of a case is all attributes which denote a user’s preferences for a query

and profile information about them. The following list elaborate on the different attributes

used in a case.

• Department: A profile attribute which details the department a user belongs to. It is

considered the most important attribute, as it highly indicates what kind of courses

(i.e. solution) that are relevant to a user.

• Continent: A preference attribute that implies what continent a user wish to travel

to. Allows for a less precise location than a country.

• Country: A preference attribute that implies what country a user wish to travel to.
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Serves as the most precise geographical location a user can select.

• University: A preference attribute that lets a user include a specific university they

wish to go to.

• Language: A preference attribute that represents the language the user wish to study

in.

• Study Period: A hidden attribute that is the current year for a problem. In a case

it is the year an exchange experience was written. The attribute is included to make

older cases less relevant to the user, as university courses often change over time.

• Academic Quality Rating: A preference attribute that is a conjunction of an expe-

rience report’s Academic Quality, Special Competence Gained and general Quality

of Academic Opportunities. Each of these aspects is related to the academic quality

of an experience, and are weighted differently.

• Social Quality Rating: A preference attribute that is a conjunction of an experience

report’s rating of Social Quality, Leisure Activities, Girlfriend/friends, the social in-

teraction with Students from the University, Other Foreign Students and Norwegian

Students. Each of these aspects is related to the social quality of an experience, and

are weighted differently.

• Ease to find- and Quality of Residential: A preference attribute that is a conjunc-

tion of an experience report’s rating of Residential Dissemination and Residential

Quality. Each of these aspects is related to the residential part of an experience, and

are weighted differently.

• Support and Reception at University: A preference attribute that is a conjunction

of an experience report’s rating of General Reception and Administrative Support.

Each of these aspects is related to the support a student received at the university in

an experience, and are weighted differently.
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The Solution Part

The solution to a query is given by the set of courses in similar experiences. The university

is however also a part of the recommendation and is used to filter the experiences, and can,

therefore, be viewed as part of the solution.

5.4.3 Similarity Measures

Each attribute in the exchange experience concept was assigned a designated similarity

measure. These measures returns a similarity score based on the similarity between the

attribute in a query and the coherent attribute in a case. Following, each of the used

measures are detailed and explained.

Rating Similarity

In the exchange experience concept, the attributes AcademicQuality, SocialQuality, Re-

ceptionQuality and ResidentialQuality are conjunctions of different ratings in the experi-

ence reports. Each rating ranges between 1-10 and reflects how the student experienced

these categories. To calculate the similarity between a rating in a case, and a rating from

a query, the CBR-RS uses Symmetric Difference Determined Similarity [5] with a linear

function (equation 5.1). It describes the decrease in similarity at a linear rate.

f(d) =


1 : d < min

max−d
max−min : min ≤ d ≤ max

0 : d > max

(5.1)

Continent Similarity

The continent attribute is a symbol type, meaning its allowed values are a pre-determined

set. The similarity between continents is calculated with an mxn-matrix, where a map-

ping between two continents gives the similarity, as displayed in Table 5.2. The values
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were chosen to represent similarity in culture, language, location, and general university

structure.

Table 5.2: Matrix for calculating similarity between continents

Attribute value South America Asia Europe Africa North America Oceania

South America 1.0 0.0 0.2 0.0 0.3 0.0

Asia 0.0 1.0 0.0 0.0 0.0 0.0

Europe 0.2 0.0 1.0 0.0 0.2 0.2

Africa 0.0 0.0 0.0 1.0 0.0 0.0

North America 0.3 0.0 0.2 0.0 1.0 0.2

Oceania 0.0 0.0.0 0.2 0.0 0.2 1.0

Country and Department Similarity

The Country- and Department attributes are structured as a taxonomy. A taxonomy can be

used as a type of similarity measure [30] and gives a similarity between similar groups of

objects. For the country attribute, the taxonomy gives a similarity if the country resides

within the same continent (i.e. group) as the country in the query. If the countries in the

query and a case are the same, the similarity score will be 1.0. If the countries are different,

but still resides within the same continent, the similarity score will be set according to

Table 5.3. The same taxonomy is also in place for the Department attribute, however, the

departments are instead grouped by faculty. The similarity score between departments in

the same faculty is set to 0.3.

Table 5.3: Taxonomic similarity of each continent

Continent Similarity
North America 0.2
South America 0.3
Oceania 0.4
Asia 0.3
Europe 0.2
Africa 0.4
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Language Similarity

The language attribute is represented as a symbol type, which allows the attribute to con-

tain multiple languages. If a case contains more than one language, the similarity measure

will return the mean similarity to all languages in that case. If a case only contains one

language, it will either return a similarity score of 1.0 (if the language in the query and

case are is the same), or else 0.0. For example, if a query contains the language Spanish

and a case contains the languages English, Spanish, Portuguese, the similarity score will

be 0.33.

University Similarity

The university attribute is a string type. The similarity measure between two universities

returns 1.0 if they are a complete match, or 0.0 if they differ. It would be desirable to have

partial similarity for two strings, but this functionality is not included in myCBR.

Study Period Similarity

The similarity measure used for the study period attribute is defined by a declining graph,

where the similarity score decrease according to the distance in years between the query

and a case. Figure 5.8 illustrates the graph.

Figure 5.8: Study period similarity given by the distance in years between a query and a case.
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5.4.4 Summation Function

Multi-Criteria Decision Making Methods (MCDMM) are used in myCBR as summation

functions that combine the similarity score of each attribute in the concept, with regards

to the attribute’s weight. The myCBR Workbench has two MCDMMs, the Weighted Sum

Model (WSM) and the Euclidean Distance. For single dimensional problems, which are

the types of problems in the CBR-RS, the WSM can be used without difficulties, and is

probably the most common approach [35] (equation 5.2 [15]).

A∗
WSM−score = maxi

n∑
j=1

aijwj , for i = 1, 2, 3, ..., m. (5.2)

When the CBR-RS receives a query, a decision matrix is calculated for each case. This is

an (m × n) matrix where each row contains the attribute values and weight of a case, as

shown in Table 5.4. The WSM is used on this matrix to give each case in the case-base a

similarity score between 0.0-1.0.

Table 5.4: Decision matrix example for calculating similarity between a query and the cases in the
case-base

Attribute Country Language . . . . . . AcademicQuality
Weight wcountry wlanguage . . . . . . wcountry

Cases

case1 simcase1 simcase1 . . . . . . simcase1

case2 simcase2 simcase2 . . . . . . simcase2

. . . . . . . . . .

. . . . . . . . . .
casem simcasem simcasem . . . . . . simcasem

5.4.5 Attribute Weights

Each attribute in a concept has a value and an associated weight. This is essentially a num-

ber denoting the importance of that attribute. The results of questionnaire 1 (Table 6.1),

were used to decide the final weight of the different attributes in the exchange experience

concept, shown in Table 5.5.
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Table 5.5: Weighting of the concept’s attributes

Attribute Weight
Department 7.0
Continent 2.5
Country 4.0
University 4.0
Language 4.0
Study period 4.5
Academic Quality Rating 3.0
Social Quality Rating 3.0
Ease to find- and quality of residential 1.5
Support and reception at university 2.5

5.5 Test Environment

The test environment used by Utsida is an essential part of the project because it was

the platform used for the user study in questionnaire 2. Utsida was hosted on a Ubuntu

16.0411 virtual server provided by IDI with the domain name utsida.idi.ntnu.no. The spe-

cific HTTP web server used was Apache212, and it was configured with HTTPS to enable

secure and encrypted user sessions. Support for registering and logging in with users

university accounts was implemented to reduce the effort for users to participate in online

usability tests and user study. The service platform ”Dataporten”13 provided by UNINETT

made it possible to use the university account registration through UNINETT’s federated

authentication service (FEIDE).

Error reporting with email was configured on the server so that alerts were given in case

of possible downtime or server errors. Error reporting made it possible to quickly resolve

potential bugs or errors in the application and ensure high user satisfaction during the user

tests. Specific user behavior and statistics was tracked by using Google Analytics14, which

was useful to increase the understanding of user behaviors. The most important Google

Analytics data used in this project were number of users, average session time, device type

and activity flow.

11Ubuntu: https://www.ubuntu.com/
12Apache2: https://httpd.apache.org/
13Dataporten: https://www.uninett.no/en/dataporten
14Google Analythics: https://analytics.google.com/
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Chapter 6
Results

This chapter provides all final results yielded by the evaluations of the prototype, namely

the questionnaires and the offline experiment on the CBR-RS.

6.1 Questionnaire 1: Motivational Factors

The result from questionnaire 1 gave valuable insights on students’ motivational factors

for exchange, and was also used to weight the different attributes in the CBR-RS (sec.

5.4.5). The questionnaire had 84 participants of which 52 of them had participated in an

exchange program. 67 were students at NTNU and 17 were students at other higher educa-

tional institutions in Norway. All of the answers included numerical ratings between 1-7,

describing how important the participant thought each of the attributes in the questionnaire

was. Additionally, 36 of the replies included an optional textual answer. Table 6.1 shows

the values for each attribute scaled to a range between 1-10, while Appendix A.1 displays

the result of the theme analysis, that is, the most frequent category of factors in the textual

answers.
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Table 6.1: Questionnaire 1, motivational factors result. Ranked by CV. N=84.
*SD: Standard Deviation, CV: Coefficient of Variation

Attribute Mean (1-10) SD (1-10) CV (0-1)
Language 8.2 1.87 0.23
Social quality 7.02 1.75 0.25
Academic quality 7.11 2.12 0.30
Administrative support and reception 6.5 2.27 0.35
Country/Continent 6.84 2.45 0.36
Quality residential 5.27 1.92 0.36
Cost of living 5.66 2.13 0.38
Climate/weather 6.22 2.53 0.41
Availability of residentials 5.31 2.22 0.42

6.2 Questionnaire 2: User Study of Utsida

Questionnaire 2 had 40 participating students from NTNU, where 20 of the replies in-

cluded an optional textual feedback. 27 (67.5%) of the participants had not been on an

exchange program, while 13 (32.5%) had. Figure 6.1 shows the faculty demographic of

the participants.

8
10

14
5

2
1

Natural Sciences (NV)

Engineering (IV)

Information Technology and Electrical Engineering (IE)

Economics and Management (OK)

Social and Educational Sciences (SU)

Humanities (HF)

Figure 6.1: Faculty demographic of participants in Questionnaire 2

The results from the closed questions are presented first, followed by the findings from

the open question which is summarized in short. The results from the closed questions are

divided into two parts; Part one for results that contribute to answering RQ1 (motivational

effect), and part two for those that contribute to RQ2 (suitability of CBR).
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6.2.1 Part 1: Motivational Effect and Use

The following figures display results from the questions concerning the motivational effect

Utsida may have on students to apply for an exchange program. The degree of agreement

ranges from 1: Strongly disagree to 5: Strongly agree as a Likert-type question.
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Figure 6.2: Statement: ”I think my motivation for exchange would increase if Utsida was in use”.
Group: Students who have not participated in an exchange program. (N = 27)
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Figure 6.3: Statement: ”I thought it was easy to use Utsida”.
Group: Students who have not participated in an exchange program (N = 27)
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Figure 6.4: Statement: ”I think Utsida would have simplified my application process”.
Group: Students who have participated in an exchange program (N = 13).
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(a) Group: Students who have not par-
ticipated in an exchange program (N
= 13)
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Figure 6.5: Statement: ”I think Utsida can contribute to an increased number of students who
choose to participate in an exchange program”
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To make an inference on whether OIR should include Utsida in their exchange program

application process, one question asked if the participants would recommend Utsida to

the OIR. The results are shown in Figure 6.6 and 39 out of 40 participants would have

recommended that OIR included Utsida in the process.

Yes 27

(a) Group: Students who have not par-
ticipated in an exchange program (N
= 27)

Yes

12

No
1

(b) Group: Students who have partici-
pated in an exchange program (N =
13)

Figure 6.6: Results from question: ”Would you recommend The Office of International Relations
to include this system in the exchange application process?”

The summary in Table 6.2 shows the mode and frequencies for all the Likert-type ques-

tions. Each frequency also has a percentage value indicating the share of answers on the

degree of agreement. In addition, the two target groups of questions has a Cronbach’s

Alpha value calculated to evaluate their internal consistency.
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Table 6.2: Summary of results from Likert-type questions

Frequencies
(degree of agreement)

Statement Mode 1 2 3 4 5
Students that have not been on exchange (Cronbach’s Alpha = 0.916)

I think my motivation for exchange
would increase if Utsida was in use 4 0

1
(3.7%)

3
(11.1%)

14
(51.9%)

9
(33.3%)

I thought it was easy to use Utsida 5
1

(3.7%)
2

(7.4%)
6

(22.2%)
6

(22.2%)
12

(44.4%)
I think Utsida can contribute to an increased
number of students who choose to
participate in an exchange program

5 0 0
2

(7.4%)
11

(40.7%)
14

(51.9%)

Students that have been on exchange (Cronbach’s Alpha = 0.855)
I think Utsida would have simplified my
application process 5 0 0

1
(7.7%)

3
(23.1%)

9
(69.2%)

I think Utsida can contribute to an increased
number of students who choose to
participate in an exchange program

4 0
1

(7.7%) 0
8

(61.5%)
4

(30.8%)

6.2.2 Part 2: Evaluation of Recommendations

The following figures display the results from questions that concerned the evaluation of

recommendations received in Utsida. The first two questions asked participants to evalu-

ate the recommendations they received, where the query was decided by the user’s them-

selves.

Yes

36

No
4

(a) Question: Did the system rec-
ommend one or more universities
which are relevant for you?

Yes

29

No

11

(b) Question: Did the system recom-
mend one or more courses which
are relevant for you?

Figure 6.7: Results from question asking to evaluate the recommendation on participants’ self made
query. (N = 40).

Two predefined queries, query 1 and query 2, were evaluated by the participating students.

The queries can be seen in Appendix B.1. The degree of suitability ranges from 1: Very
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poor to 5: Very good.
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(a) Results for Query 1
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(b) Results for Query 2

Figure 6.8: Results from question: ”How did the recommendation suit the original search parame-
ters?” (N = 40)

Yes

24

No

7
Unsure

9

(a) Question: Did the system recom-
mend relevant courses for one who
studies computer technology?

Yes

27

No

2
Unsure

11

(b) Question: Did the system recom-
mend relevant courses for one who
studies electronics?

Figure 6.9: Results from question on relevancy of recommendation from (a) Query 1 and (b) Query
2 (N = 40)

6.2.3 Open Question

The open question in questionnaire 2 asked if the participant had any other comments on

the site or process in general. 20 participants answered the question. A qualitative theme
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analysis [26] was performed and the findings concluded to be mostly positive with 11 out

20 having a positive theme. Five of the participant comments mentioned the site was non-

intuitive, four thought it was easy to use, and three wrote Utsida could be time-saving. The

full results of the theme analysis can be viewed in Appendix B.2.

6.3 Offline Experiment on the CBR-RS

By using the score matrix given by Table 4.1, 20 different simulated user made queries

(App. C.1) were evaluated. Each query was scored (App. C.1) on two different concept

configurations, one being the similarity based retrieval used in the CBR-RS and the other

being a simulated exact match search. The central tendency results are shown in Table

6.3.

Table 6.3: Result from offline experiment, N=20

Mean score Std. Deviation Std. Error Mean

Similarity based retrieval 36.70 4.38 .978

Simulated exact match search 30.05 3.93 .878

Table 6.4 shows the results from the Paired T-test performed on the two result data sets

from the offline experiment. The Sig. (2-tailed) value is the p-value. This value is lower

than 0.05, indicating a significant difference between the two sample means.

Table 6.4: Result of the Paired T-test

95 % Confidence Interval

of the Difference

Mean
Std.

Deviation

Std.

Error Mean
Lower Upper t df

Sig. (2-

tailed)

6.65 3.00 .671 5.244 8.056 9.897 19 0.000
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Discussion

This chapter interprets the results presented in the previous chapter and discusses them

with regards to the research questions and goals. Identified limitations of the project are

also presented.

7.1 Motivational Effect

Goal 1 was to “Create a prototype that improves the motivation for students at NTNU to

apply for an exchange program”. This study created that prototype and named it Utsida.

Utsida’s motivational effect was measured by conducting a user study with an accompany-

ing questionnaire. The questionnaire shows a strong positive influence on motivation, with

23 out of 27 participating students that had not been on exchange agreeing (i.e. answers of

either 4: Agree or 5: Strongly agree) that their motivation would likely increase if Utsida

was in use. The frequencies also shows that the answers did not vary from the mode of 4,

indicating that most of the participants had similar views. More than half of the partici-

pants (18 out of 27) further reviewed and agreed that Utsida was easy to use. Utsida should

ideally have a higher agreement on the usability, but it is considered acceptable because

of the early prototype stage of Utsida. Furthermore, a Cronbach’s alpha value of 0.916 on
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the Likert scale of participating students that have not been exchange, and 0.855 for those

that had, shows a strong sign of internal consistency in questionnaire 2, with values over

0.7 considered satisfactory [6].

The mode for all questions in the first part of questionnaire 2 resides between 4: Agree

and 5: Strongly Agree. These statistics implies that the participants had a largely positive

experience with Utsida. Furthermore, 37 out of the 40 participating students agreed that

Utsida could contribute to an increased numbers of students that participate in an exchange

program. These results correlate with the results of a study done by NTNU’s Office of

International Relations (OIR) [27] where exchange students were asked what factors could

contribute to an increased number of exchange students. Utsida specifically targets the top

factors in the study with 85% of the participants selecting “lists of previously approved

courses” and 80% selecting “lists over recommended universities with approved courses”.

39 out of 40 participants of questionnaire 2 would also recommend OIR to include Utsida

in their application process. This indicates a high user confidence in the system. However,

this question could have been especially vulnerable to bias, as further discussed in the

limitations (sec. 7.3).

The results from questionnaire 1 concluded that the most important factors of motivation

is the study language, social quality and academic quality. These results are supported by

the the results of the push-pull factors of Mazzarol and Soutar [22] which identifies aca-

demic quality, social links and language as important influences. The six most important

factors identified in questionnaire 1 were included in the CBR-RS to ensure high relevance

of attributes. The open question also identified that general information and an easier ap-

plication process are the important areas to focus on. These results further increase the

confidence in that Utsida, which targets these areas, would have a positive effect on stu-

dents’ motivation for applying for an exchange program.
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7.2 Suitability of CBR Methodology

Goal 2 was to “Use the CBR methodology to give relevant recommendations on exchange

program universities and courses”. The goal was accomplished by creating a CBR-RS that

uses myCBR and modeling the exchange experience concept by: converting exchange

students’ experience reports to cases, setting appropriate similarity measures based on

literature and user testing, and giving the attributes weights based on the results of ques-

tionnaire 1. The offline experiment concluded that using similarity-based recommendation

give more relevant results than traditional exact matching searching. The conducted paired

T-test on the results had a p-value less than 0.05, indicating that the results are statistically

significant and that the difference is highly unlikely to be created by chance. The closest

thing NTNU currently have to Utsida is OIR’s site1 for publishing and finding students’

experience reports from exchange programs. This site uses traditional exact matching tech-

niques to search through the reports. Thus, based on the results of the offline experiment, it

should be easier to find relevant experiences in Utsida than in OIR’s search system.

The results of the ’evaluation of recommendations’ part of questionnaire 2 are highly pos-

itive. The results shows that the majority of the participants received relevant recommen-

dations with their queries. However, a clear tendency is that more participating students

received relevant recommendations on universities (36 out of 40) than courses (29 out

of 40). This tendency might be due to universities being a far more general factor than

courses. A university can be of interest for many, while a course is more strictly connected

to a particular field of study and year. Furthermore, the courses in a recommendation are

considered novel recommendations, which are recommendations for items the user did not

know about [32]. Therefore, it could be difficult for the participant to evaluate the rele-

vancy of unknown courses. Since the experience reports also are mostly written in free

text, some course titles may be in unknown foreign languages. In addition, the courses do

not have any other description than the title, which makes it more difficult for students to

know if the courses are relevant for them.

1Experience report database: https://www.ntnu.no/studier/studier_i_utlandet/
rapport/
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The results of the questions asking the participants to evaluate the recommendations for

the two predefined queries show highly positive tendencies. The relevancy of the recom-

mendations, as a whole, were deemed suitable (i.e. answered either 4: Good or 5: Very

good) by 30 out of 40 participants for both queries. This shows that the CBR-RS, in most

cases, gives relevant recommendations for a input query. Furthermore, among the 40 par-

ticipants, 24 thought Utsida recommended relevant courses for the first predefined query,

and 27 for the second predefined query. These results suggests that the CBR-RS would

likely recommend relevant courses to students similar to the predefined queries. An av-

erage of 10 out 40 participants were unsure to deem the recommended courses relevant

for each query. This uncertainty could come from many participants not having enough

knowledge on the field of study, and are, therefore, not able to evaluate the relevancy of

the courses. In hindsight, the questions could have been constructed without the “Unsure”

option, which do not contain much value for this research project. However, removing the

option might have introduced more bias in the “Yes/No” answers as the participant might

be unsure what to select.

7.3 Limitations

Some limitations with the conducted research was discovered during the project duration.

The most significant limitation was the small sample size for the questionnaires. Even

though both questionnaires got a reasonable amount of response, questionnaire 1 with 84

answers and questionnaire 2 with 40 answers, they were both below the goal and optimal

sample size. A confidence level of 95% resulted in a high margin of error of 10.6% on

questionnaire 1 and a even higher margin of error of 15.5% on questionnaire 2. However,

the result data will show a positive tendency even in the worst case of the population’s

answers being on the low end of the margin.

Utsida had 165 unique registered users during the user study, but only 40 of them (24%)

completed the full test and answered questionnaire 2. This suggests that the user study

may have been too complex and time-consuming and therefore made many participants

withdraw before finishing. Furthermore, the questionnaires should have undergone more
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rigorous pilot testing with experts on the field of questionnaire design to further reduce the

risk of bias influence. The question on whether the participant would recommend OIR to

include Utsida in their exchange application process was found to be especially vulnerable

to acquiescence bias and should have been designed differently.

7.4 Research Questions

RQ1: “What effect would an information system for recommending and assisting ex-

change course selection have on students’ motivation for doing a study abroad- or stu-

dent exchange program at NTNU?”

The results from evaluating Utsida, which is an information system that recommends and

assists the exchange course selections for students, show a highly positive effect on stu-

dents’ motivations for doing an exchange program. In addition, the results also indicate

that Utsida may, if used, lead to more students applying for exchange programs. The

majority of the answers in questionnaire 2 were positive, with an average agreement on

statements regarding motivation of 85.8%. Most noteworthy, 37 out of 40 participating

students agreed that Utsida could increase the number of students that apply for an ex-

change program and 23 out of 27 participants that had not been on exchange agreed that

their motivation for exchange would increase with Utsida in use.

RQ2: “How suitable is the case-based reasoning methodology for recommending rele-

vant universities and courses for a study abroad- or student exchange program?”

The positive responses in the user study, and the significant results of the offline exper-

iment, indicates that the CBR methodology is suitable for giving recommendations on

courses and universities. The majority of participating students in the user study received

relevant recommendations in Utsida. In detail, 36 out of 40 participants reviewed the uni-

versity recommendations to be relevant, while 29 out of 40 participants received relevant

recommendations on courses. However, the recommendations tended to be used more as a
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tool for course inspiration than to give the definitive solutions. This is also more in accor-

dance with giving recommendations; a recommendation may not have a suitable solution,

but the user is left with new inspiration and ideas.
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Chapter 8
Conclusion

This chapter concludes the project and presents possible future work on the subject.

8.1 Conclusion

This research project has found that a system for recommending courses and universities

would positively influence the motivation of students for going on an exchange program

and could consequently lead to more students participating in the programs. The influence

claim is based on the highly positive user feedback received in the evaluation of Utsida,

with an average agreement on statements regarding the motivation of 85.8% (confidence

level: 95%, 0margin of error: 15.5%). While this margin of error is relatively high due

to the less than optimal sample size, the results of this project still indicate a beneficial

effect.

Furthermore, CBR is found to be suitable for giving recommendations on universities and

courses; the CBR-RS gave relevant recommendations for most (36 out of 40) of the user

study participants, and performed significantly better than standard exact match search.

While the recommendations alone can not fully be used as an independent solution, they

might give students enough inspiration and motivation to initiate the process. If applied in

67



Chapter 8. Conclusion

a real setting Utsida would also, with its simplification of the course application process,

likely reduce the time used for both students and advisers when approving courses for

exchange programs. The simplified and faster application process would lead to more

available time for advisers to help students in actual need of help and less time used on

students that only need to complete the approval process.

Based on the results that show a high approval of Utsida, it is highly recommended that

NTNU invests further in digitizing the whole- or part of the application process for ex-

change programs. An investment could help NTNU reach their goal of 40% of the students

participating in exchange programs and contribute to the overall goal in Norway of 20%

student mobility. This project has also shown that exchange reports submitted by students

can be used in other useful ways. Therefore the data from the experience reports should be

public to use (e.g. as an API), and formatted appropriately so that students and others can

utilize them in ways that may give a benefit to NTNU. The contributions of this project

are not only beneficial to NTNU alone, but could also be used as an inspiration for similar

projects at other educational institutions.

8.2 Future Work

Even though the Utsida prototype was developed to a degree needed to answer this re-

search project, it could be extended with new features, and future research could focus on

different approaches of evaluation. This section proposes new features in Utsida, possible

improvements to the CBR-RS, and ideas for further research.

8.2.1 Web Application Features

Several suggestions for improving or expanding features of Utsida emerged throughout the

development process by reviewing: interviews with exchange course advisers, feedback

from usability testing, and textual answers from the questionnaires. Many of the features

were outside the scope of this research project and were not implemented; the following

list describe the most noteworthy ones:
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Let advisers make comments on course approval applications: Currently, a course ap-

plication in Utsida is only either approved or disapproved with no comments from

advisers. The advisers often wants to include special premises for courses to be ap-

proved. By implementing a comment functionality for advisers, advisers could give

premises as comments on applications, and through these comments clarify what

the student should do to to get the courses approved.

Expiration on approval of course matches: Course matches tend to be irrelevant if they

are too old, due to changes in the content of the courses. It could therefore be useful

to automatically flag old approvals.

Implement filters on the course match list: The list of course matches currently only

have search functionality. The list functionality could be expanded to include fil-

tering on institute or faculty, making it easier to find relevant course matches.

Support for multiple departments: Some study programs focus on many fields of study,

and therefore belongs to multiple departments. Support for multiple departments

could be implemented in Utsida by letting users register with multiple departments.

The CBR-RS could for the recommendations give partial similarity in experiences

with either of the user’s departments.

Interactive map of exchange occurrences: The map on the home page of the web appli-

cation only display the number of students who have been on exchange in a specific

country. This map could be extended to be more interactive, for example by adding

support of selecting a specific country to get recommendations.

8.2.2 Possible Extensions to the CBR-RS

The CBR-RS could be further improved by adding more relevant attributes to the concept

and by including adaption and learning techniques to personalize and further increase the

relevancy of recommendations.
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Expanding and Improving the Exchange Experience Concept Several attributes that

were mentioned in the feedback from the usability tests and questionnaires were not in-

cluded in the exchange experience concept. These suggestions included: cost of living,

weather and climate, tuition fees, university rankings, and whether a trip was arranged

through a specific program such as Erasmus1. None of these are possible to extract from

the experience reports, so the data would have to come from external APIs. However, if

good sources for such data is found, adding more attributes to the concept would be benefi-

cial for the CBR-RS to recommend more personalized and relevant exchange experiences.

For example, Numbeo2 offers a universal API for cost of living in all countries and cities,

and could be used to add cost of living for the country in each experience.

Adaption in the CBR-RS Utsida currently has no form of learning or adaption. Ut-

sida could be extended to learn the preferences of a specific user by requiring feedback

on recommendations or by asking for more user information. It could then use this data

to increase the relevancy of the recommendations given to the user and adapt the results

specifically to the user. For example, if a specific recommendation is a good match for

a user, but it only includes a few courses, it could merge its courses with the courses

in other similar recommendations. The recommendation would then become more com-

plete.

Automatic Parsing of New Exchange Experiences To automatically expand the case-

base in Utsida, it would have to parse and add new experience reports as they are published

on OIR’s site. This could be beneficial to ensure Utsida always has the latest and most

relevant data. However, to enable this functionality, Utsida would have to be configured to

accept the format of the new experience reports system released in 2017.

1Erasmus: a European Union student exchange program
2Numbeo: https://www.numbeo.com/cost-of-living/
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8.2.3 Further Research

If Utsida is further developed to work seamlessly in a production environment, it can be

possible to evaluate the system in a real-life situation. The following suggestions could be

possible ways to study how Utsida affects motivation in real-life.

Testing Utsida in an Application Process Utsida could be further evaluated by testing

it in a real application process for a collection of students. Data could then be collected to

find out what these students thought of using Utsida in the application process and compare

it to the students who went through the standard process. The resulting data could be used

to further argue that Utsida should be included in the OIR’s process, and further document

its effect on motivation.

Observing Real Effects of Utsida Utsida could be further evaluated by including the

system fully in the application process for an exchange program at NTNU. It would then

be of value to compare the number of students applying before and after the inclusion of

Utsida. If the number of students applying for an exchange program increased significantly

it could be argued that a system like Utsida has a definitive effect on the number of students

that go on an exchange program.
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Appendix A
Questionnaire 1: Motivational

Factors

A.1 Results

Figure A.1: Motivational factors, part 1
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Figure A.2: Motivational factors, part 2

Figure A.3: Motivational factors, part 3

Figure A.4: List of word frequencies from open question
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A.2 Questions

Figure A.5: Introduction to questionnaire 1

Figure A.6: Question 2: Where did you go on exchange?
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Figure A.7: Question 3: What university do you belong to?

Figure A.8: Question 4: If NTNU, what faculty do you belong to?
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Figure A.9: Question 5: Main question, rate the factors. And Question 6: The open question.
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Appendix B
Questionnaire 2: User Study of

Utsida

B.1 Predefined Queries

Table B.1: Predefined search queries used in questionnaire 2

Query Query 1 Query 2

Institute Institutt for elkraftteknikk
Institutt for datateknikk og
informasjonsvitenskap

Continent North America Europe
Country USA Frankrike
University
Language Engelsk Fransk
Study Period 2017 2017
Academic Quality 6 8
Social Quality 9 4
Residential Quality 7 6
Reception Quality 3 3
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B.2 Open Question Results

Table B.2: Theme Analysis

Category #1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 SUM

Positive feedback * * * * * * * * * * * 11

non-intuitive * * * * * 5

Easy to use * * * * 4

Time saving * * * 3

Great use of

experience reports
* * 2

Good recommendations * 1

Does not fit

well for mixed studies
* 1

Great to be self-serviced * 1

Idividual adaption * 1

B.3 Questions
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Figure B.1: The introduction to the questionnaire

Figure B.2: Question 1: Demographics
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Figure B.3: Questions regarding motivational effect on students who have not been on exchange
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Figure B.4: Questions regarding motivational effect on students who have already been on exchange

Figure B.5: Question given to participants who answered “No” on the past quetion
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Figure B.6: Question asking about the recommendations the participants received during the test
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Figure B.7: The first predesigned query
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Figure B.8: Evaulation of the first predesigned query

94



Figure B.9: Second predesigned query
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Figure B.10: Evaulation of the second predesigned query
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Appendix C

Offline Experiment

C.1 Simulated User Queries

Figure C.1: 20 simulated user queries
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C.2 Results

Table C.1: Full results of the offline experiment

Query # Similarity based retrieval (0-60) Simulated exact match search (0-60)

1 44.5 32.0

2 34.5 27.0

3 36.5 28.0

4 39.5 32.0

5 41.0 32.5

6 39.5 34.5

7 34.5 28.0

8 41.0 37.5

9 33.5 29.5

10 36.5 26.5

11 35.0 32.5

12 39.0 34.5

13 41.5 32.5

14 36.5 28.5

15 39.0 26.5

16 26.5 20.5

17 36.5 29.5

18 34.5 31.0

19 37.0 33.0

20 27.5 25.0

Mean 36.7 30.05

STD 4.36 3.93
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Appendix D
Installation Guide

This guide shows all steps necessary to install and run Utsida locally. The guide is made for

Ubuntu 16.04, which is the operative system the Utsida was developed to run on.

Prerequisites

The following sections shows commands which downloads the necessary programs to run

this project. Skip the programs you already have installed.

Install Java 8

sudo add-apt-repository ppa:webupd8team/java

sudo apt-get update

sudo apt-get install oracle-java8-installer
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Install Python3 and Pip3

sudo apt-get install python3

sudo apt-get install python3-pip

Install Git

sudo apt-get install git

Download the Git Repositories

The following commands downloads the two necessary Git repositories for this project.

The first being Utsida’s web application, and the second being the MyCBR project.

git clone https://github.com/IT3901-Master/utsida.git

git clone https://github.com/IT3901-Master/mycbr-deployment.git

Setup and Run

The following commands will install all necessary packages to run the project, initiate all

required data, and run it. First, move to the root directory of the utsida project, then run

the following commands.

sudo pip3 install -r requirements.txt

make initiate

make lrun

Open a new terminal or tab, and move to the directory of the mycbr-deployment project.

Then run the following command.

make run
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