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Online learning assessment methods, such as browser submitted exercises, are becom-
ing more and more a curriculum staple in universities. However, even many program-
ming courses still use traditional paper based exams as their final assessment method.
Many feel, that especially programming on paper is not the best way to evaluate pro-
gramming skills, and does not represent an authentic environment. That said, the
transition to an electronic system is not straightforward. Some courses have removed
a final summative exam altogether, relying only on exercises done during the course.
This requires different kind of approach to authenticating student work. What are the
problems that arise technically and otherwise?

The goal of this thesis is to analyze the current challenges facing implementations
of online assessment in the context of Computer Science courses. Some of the main
themes included are assesssment types, exercise feedback, invigilation, authentication
and control. Using current theory on assessment as background, the experiences and
attitudes regarding online assessment of both teachers and students are probed and
contrasted with each other. A literature review was conducted to look at recent use-
case studies, from which different types of assessment and exam methods are compared
and evaluated. Student opinions were collected through an online questionnaire, and
teachers interviewed with a semi-structural interview method. Finally, the findings are
reported and discussed in the context of Aalto University.

Results agree with earlier literature, in that both students and teachers have a prefer-
ence for online assessment. We find that strict authentication is considered problematic
and ineffective by most teachers as well as students. Strict control, such as cameras and
keyboard logging, should be done on University hardware and locations. Also, scala-
bility in electronic exams is a problem yet to be solved.
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Digitaaliset oppimismetodit, kuten selaimen kautta palautettavat tehtdvéat, ovat yha
yleisemmin osa opetushjelmaa yliopistoissa. Kuitenkin ohjelmoinnissakin usein viela
kaytetddn perinteistd paperitenttia lopullisena arvostelumetodina. Monien mielesta pa-
perilla ohjelmointi ei ole paras tapa evaluoida oppilaan osaamista, eikd se luo au-
tenttista ympadristod. Siitd huolimatta, siirtyminen tdysin digitaalisiin systeemeihin ei
ole suoraviivaista. Jotkin kurssit ovat poistaneet lopullisen summatiivisen tentin ko-
konaan, koostaen arvostelun vain kurssin aikana tehdyisté tehtdvistd. Taméanlainen
lahestymistapa vaatii aivan erilaiset tavat varmentaa opiskelijan oma ty6. Minkélaisia
ongelmia tasta syntyy teknisesti tai muulla tavalla?

Taman diplomityon tavoitteena on analysoida online arvostelujarjestelmien taman
hetken haasteita tietotekniikan opetuksessa. Piateemoihin kuuluvat erilaiset arvos-
telumenetelmét, palaute, valvonta, autentikaatio ja kontrolli. Kayttden tdméanhetkista
arvioinnin teoriaa taustatietona, opettajien ja oppilaiden asenteita online oppimises-
ta tutkitaan ja vertaillaan toisiinsa. Kirjallisuuskatsauksessa tarkastellaan viimeaikaisia
case-tutkimuksia, ja tutustutaan erilaisiin jarjestelmiin seka vertaillaan niita. Opiskeli-
joiden ajatuksia kerattiin web-kyselyn avulla, ja opettajia haastateltiin puolistrukturoi-
dulla haastattelumenetelmalla. Lopuksi, tulokset esitellddn ja tarkastellaan Aalto yli-
opiston kontekstissa.

Tulokset yhtyvit aiemman kirjallisuuden kanssa siind, ettd sekd opettajat, ettd opis-
kelijat suosivat digitaalisia arvostelumenetelmiad. Tiukassa autentikaatiossa on useita
ongelmia ja molemmat osapuolet kokivat ne jokseenkin tarpeettomiksi ja tehottomiksi.
Kamerat ja ndppaindatan tallennus tulisi rajata yliopiston tiloihin ja laitteisiin. Tdméan
hetken sidhkoiset tentit eividt myoskaan taivu nykyisiin opiskelijamé&éariin.
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Chapter 1

Introduction

This thesis discusses the transition from traditional paper-based testing and
learning methods to online learning environments. From the teachers stand-
point, the end goal would be to evaluate whether actual exams are even
needed anymore. From the student’s standpoint, online learning can im-
prove learning methods and facilitate better learning. This chapter serves
as the introduction to the topic. The current state of online learning is dis-
cussed, as well as the present implementations at Aalto University.

1.1 Towards Digital Learning

Nowadays digital technology is ever more pervasive in every part of our
lives. We are more dependent on technology in communication, navigation
and even entertainment than ever before. Education also hasn’t evaded the
penetrative force of technology. New methods are constantly being tested
to improve the learning experience of the student and the work flow of
teachers.

Many notable universities organize so called massive open online courses
(MOOQ), that can be taken freely by anyone, free of cost. These courses
can have thousands of students, which creates challenges for grading. Au-
tomatic assessment [IThantola et al., 2010; Laakso et al., 2005; Ala-Mutka,
2005] plays a crucial role in making these kind of courses possible. Every-
thing related to programming cannot usually be assessed automatically, but
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even then, electronic systems provide many benefits for course staff. These
include, for example, easy access to student submitted data and grading
tools.

Especially programming courses have shifted to methods that allow auto-
matic grading. This eases the burden of grading for course staff and teach-
ers, and students can also then receive instant feedback for their work. In
addition, interactive elements such as visualizations and quizzes are made
possible in an electronic environment. However, adaptation of e-exams has
been slow and most introductory programming courses at universities still
use traditional paper-based exams. A big reason for this is that it is difficult
to confirm if the student has done all the work themselves. E-exams would
more closely resemble the environment students work during the course,
where they have easy access to testing, debugging, and can modify their
answers easier.

Online learning has a number of different problems, such as plagiarism
[Sheard et al., 2002; Harmon and Lambrinos, 2008], security and privacy.
What kind of tools do we have at our disposal with current electronic grad-
ing systems and how can we improve the current systems? Implementing
systems preventing cheating raise questions about what kind of data we can
collect about students, and what kind of measures they themselves agree
with.

In online assessment, students also have to work alone, which can be de-
motivating and affect completion rates. MOOC course completion rates are
often as low as 10% [Khalil and Ebner, 2014]. Some courses try to prevent
this by encouraging pair-programming. This thesis will look at these prob-
lems mainly from the perspective of computer science courses, although
some of the discussion is valid for other areas of education as well.

1.2 Online Learning at Aalto University

Aalto Online Learning has a piloting program for different online educa-
tion initiatives [Aalto University, 2020]. One of the categories is automatic
assessment in online learning systems. The goal is to improve education
through online and blended learning.
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Most of the basic programming courses in Aalto University are hosted on a
environment called A+ [A+ LMS, 2020]. A+ can serve the course material
as well as embed exercises of different types. There have been pilots in
making exam taking possible, but it has not been widely adopted. Aalto
University also incorporates a Moodle variant called MyCourses, which is
mainly used to distribute material and information to students. It also has
some basic exercise and exam administering capabilities. There has also
been a few test exams with computerized lecture hall exams, that utilize
a bootable USB stick called ExamOS, to create a testing environment. The
operating system restricts the user’s available software to that desired by the
exam creator.

1.3 Research Questions and Goals

The goal of this thesis is to understand the advantages and limitations
of different online assessment systems. Relevant research questions are
listed below.

1. How do current programming courses use online learning systems to
assess students?

2. What kind of benefits and challenges arise from online assessment?

3. How do students and teachers perceive online assessment?

1.4 Scope and Research Methods

This thesis restricts the perspective to teachers and students. We also mostly
look at programming exercises in computer science, because they differ sig-
nificantly from for example essays.

Data for the thesis was collected through an empirical study. Student ex-
periences from online learning were collected through the use of an online
questionnaire. The informants were students, most of who had teaching
assistant experience. Furthermore, teachers were interviewed to assess the
opinions and attitudes of current assessment systems they have experience
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of, and to compare their point of view to that of students. Results of the
interviews and questionnaire were analyzed qualitatively, and finally dis-
cussed in the context of earlier literature. We also look at the results in the
context of Aalto University systems.

1.5 Structure of the Thesis

The structure of the thesis is as follows. We will first introduce the back-
ground and problems to the reader. In Chapter 2 we define the terminology
and look at some theory of assessment and criteria used. Chapter 3 looks at
what has already been done through case studies in current literature and
find experiences of both teachers and students. We will then look at the dif-
ferences between traditional paper-based testing and digital assessment, as
well as consider the problematics that arise from the transition to digital en-
vironments. The methodology and data is presented in Chapter 4. Chapter
5 presents the data from both the student questionnaire and teacher inter-
views. We discuss the results and look at some of the results in the context
of Aalto University in Chapter 6. Limitations of the study are also briefly
discussed. Finally, conclusions are drawn in Chapter 7.



Chapter 2

Background

In this chapter we look at assessment as a whole. Stakeholders are briefly
presented. Afterward important concepts are presented and terminology
defined. Lastly we look at some of the criteria in assessment, as well as
challenges.

2.1 Stakeholders

Here we briefly introduce the stakeholders involved in online assessment in
the context of programming. The main stakeholders are students, teachers,
the institution, researchers and developers. Some additional stakeholders
include teaching assistants and lawyers.

This thesis focuses only on teachers and students as stakeholders. From
the teacher’s perspective they design the exercises and exams, as well as
grade them. Student workload and how much students are able to achieve
during their courses is of their utmost interest. It is important for teachers to
conduct an exam that measures the correct things, and that it is aligned with
the course goals. Teachers also want to minimize plagiarism and possibly
have some kind of data from the course.

From the student’s perspective learners are interested in knowing how they
can best prepare for the exam and how studying during the course gives
them the necessary skills to pass the course. They are also concerned with
the environment in which they do the exam or exercises, and if it is similar or

12
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different to what they are used to. The good usability of that environment
is also important for them, so that they can concentrate on what is most
important: learning. Last but not least developers are mainly interested
how the system requirements are able to be implemented.

2.2 Definition and Terminology

“When the cook tastes the soup, that’s formative. When the guests taste the
soup, that’s summative.” Robert E. Stake, Professor Emeritus of Education at
the University of Illinois

Assessment means the evaluation of something. In learning, assessment is
generally divided into two main categories: formative and summative as-
sessment, which can complement each other. What follows are some gen-
erally thought differences between the two. Usually the goal of formative
assessment is to monitor and observe the students’ learning and to provide
constant, preferably immediate, feedback on that basis. The student can
use that feedback to recognize his strengths and weaknesses and thus focus
his efforts better as he sees fit. Thus, the goal of formative assessment is to
make the student self-regulated learners. On the other hand, the teachers
can see how the students are progressing, identify problems and then help
appropriately. They can also use the same feedback to improve the course
even while it is running or making instructional adjustments. Traditionally
formative assessment activities are quite low stake, meaning they have a
relatively small impact on the resulting grade. Summative assessment usu-
ally aims to evaluate the student against some specific standard, such as the
university standard. Examples of summative assessment are end-of-term
or midterm exams, and cumulative work over an extended period of time,
such as a final project. Universities are still quite tradition bound and the
notion that formative assessment has a low impact on the students grade
and summative usually more holds strong. This arises from the fact that
with summative assessments such as tests, we can quite easily create a sys-
tem for verifying and authenticating what the student has done themselves.
With formative assessment this is much harder to verify, and some kind of
specialized tools are required. One of the goals of this thesis is to ques-
tion and challenge this line of thinking. If we can solve the aforementioned
problems we can maybe break the traditional mold.



CHAPTER 2. BACKGROUND 14

Defining a good terminology for learning based papers is difficult, because
the same things can mean very different things depending on the country
or University. We need to make some arbitrary decisions to achieve a usable
terminology. Sadler [2005] gives an example of ’assessment’ that ”in some
contexts in the USA refers to the evaluation of a wide range of characteris-
tics and processes relating to higher education institutions, including entry
levels, attrition rates, student services, physical learning environments and
student achievements.” The same thing in the UK can mean what students
submit by project reports, written papers and such excluding what they pro-
duce in exam situations. Due to this rich variety of definitions, it is better
to stick to one definition to keep the discourse progressing. The reader may
have to translate the contents of this paper into their own context, what-
ever that may be. For consistency, in thesis we define the following terms to
mean as such. Scoring and marking refers to the act of checking exercises
for correctness and giving points. Grading is used when we are considering
the grade students receive at the end of a semester.

Moore et al. [2011] implemented a mixed-method research analysis to find
out how they define terminology in the distance learning realm. The three
labels studied were distance learning, e-Learning, and online learning. Moore
et al. [2011] concluded that "The findings show great differences in the
meaning of foundational terms that are used in the field”. Each aforemen-
tioned learning environment label had different expectations and percep-
tions. This inconsistency can affect researchers as cross-study comparisons
become difficult. Designers building similar environments also face chal-
lenges identifying concepts. Terminology is also a problem when the con-
text is not described in sufficient detail in the discussion or conclusions of
papers.

An important thing to keep in mind when talking about assessment is that
the mere fact what is assessed provokes different responses in students.
Boud [1995] notes that assessment affects learning in three different ways.
Firstly, the mere nature of the assessment in itself, as in if it is qualitative or
quantitative. Secondly, how the the teacher presents the topic, format and
the learning goals. Lastly how the student interprets the task itself and the
context it is in. If the task mainly requires rote memorization, students tend
to rely on superficial studying methods and not look deeper.

Traditionally exams serve as a way to authenticate that the student has
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learned, what the course has set to achieve and to make sure the person tak-
ing the exam has actually done the coursework themselves. Some courses
use a final exam as the only way to measure student progress, and some
use it as a sort of a final "checkup” in addition to extensive course assign-
ments. Traditional paper based exams are relatively simple to arrange, and
the teacher only has to make one set of exam papers for the whole class.
One of the advantages of exams is that is forces the students to review the
course material. The review and recall process has an important role in
memory and learning, so without an exam it would have to be implemented
in the course in some other way.

Many courses implement project work either through the course or as a fi-
nal test. Projects as course work as part of assessment has been positively
linked with improved attendance, betterment of self-studying practices and
the habit of constant effort during the whole course [Billings and England,
2020]. Other positive effects were experience and practice in public speak-
ing. It can also reward group members for their individual effort.

2.3 Criteria for Assessment

There are some criteria we can list that are present in good assessment, be
it exercises or exams. Different stakeholders may value criteria differently.
Good assessment motivates the student to learn and provides signals of what
is important in the material, so it is important there is not a mismatch in the
assessment and curriculum. In good assessment, the student does not just
have to memorize content or exercises, but also has to properly apply it in
some context.

Constructive alignment means that what is being taught should align with
what the students are being tested on. For example, zero constructive align-
ment would mean when students are taught integrating, but are afterwards
tested on diving. It’s important that the context in which the learning and
assessment happens is more or less the same. Studies have shown, that
most of learning happens in a quite narrow context for the student. If it is
heavily shifted, like from completing programming exercises on computer
to paper programming, this can have a noticeable impact on assessment
performance.


































































































































































