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The large class sizes in many universities have made automatic assessment an attractive solu-
tion to the increasing amount of work. An automatic assessment system is a software product
that takes a submission to an exercise as an input, assesses the submission without need for hu-
man intervention, and produces feedback as an output. The output usually includes numerical
grade for the submission, and can include other textual feedback, pictures and animations.

Until now, most research on automatic assessment has focused either on the development of
assessment methods, on the students’ point of view, or on the learning results obtained by using
an assessment system on a course. In this thesis, however, automatic assessment systems are
examined from the instructor’s point of view.

Automatic assessment systems used for varied purposes in computer science teaching are sur-
veyed, and several instructors who have experience with automatic assessment are interviewed.
From the survey and the interviews, a list of functionalities required by automatic assess-
ment systems is gathered and represented. In addition, a new instructor’s user interface to
the TRAKLA2 automatic assessment system is implemented. The results of the survey and the
interviews are taken into account in the implementation. The new instructor’s user interface is
compared to previous versions in order to see the strengths and weaknessess of the new system.
Finally, some futured directions for the development of TRAKLA2 are suggested.

Keywords: Automatic assessment, instructor’s point of view, interviewing, TRAKLA2
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Lukuisissa yliopistoissa kurssien suuret koot ovat lisänneet kiinnostusta automaattiseen tarkas-
tukseen. Automaattinen tarkistin on ohjelma, joka ottaa syötteenä opiskelijan palautuksen jo-
honkin tehtävään, arvioi palautuksen automaattisesti ja antaa tulosteena palautetta tehtävään.
Palaute yleensä sisältää tehtävästä annetut pisteet, mutta voi sisältää myös muuta tekstipalautet-
ta, kuvia tai animaatioita.

Automaattisen tarkastuksen tutkimus on keskittynyt lähinnä tarkistustapojen kehittämiseen,
järjestelmän opiskelijakäytön kuvaamiseen tai järjestelmän avulla saatujen oppimistulosten
analysointiin. Tässä työssä tarkastellaan automaattisia tarkastusjärjestelmiä opettajan näkökul-
masta.

Tässä työssä tarkastellaan useita opetuskäyttöön tehtyjä automaattisia tarkastusjärjestelmiä
ja haastatellaan järjestelmiä käyttäneitä opettajia. Haastattelujen ja järjestelmätutkimuksen
pohjalta tehdään lista automaattisten tarkastusjärjestelmien tarvitsemista opettajan toimin-
nalisuuksista. Toiminnallisuuslistaa käytetään hyväksi tehtäessä TRAKLA2 automaattiseen
tarkastusjärjestelmään uusi opettajan käyttöliittymä. Uutta käyttöliittymää verrataan van-
han TRAKLA-järjestelmän opettajan käyttöliittymään. Lisäksi ehdotetaan joitain tulevan
tutkimuksen aiheita.

Avainsanat: Automaattinen tarkastus, haastattelu, opettajan näkökulma, TRAKLA2
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Terminology

This section defines some terminology used in this thesis.

• Computer Assisted Assessment (CAA) covers the use of computers in assessment,
including assignment delivery, marking and reporting. It also encompasses, for ex-
ample, the use of computers in optical mark reading and similar activities.

• Computer Based Assessment (CBA) covers the use of computers for the entire as-
sessment procedure including delivery of the exercises and feedback.

• Automatic Assessment (AA) is a procedure that takes an answer to an exercise as
input and produces a mark and optionally some feedback as an output.

• Automatic Assessment System is a software system capable of automatic assess-
ment.

viii



Chapter 1

Introduction

The amount of students on introductory programming courses can be staggering. For ex-
ample, on some courses at the Helsinki University of Technology the number of attendees
is well over four hundred per year [27]. Such a huge number of students is a great challenge
to the instructors, as there will be dozens of students per instructor. Therefore, the course
staff does not have a lot of time to spend on instructing a single student or assessing his
exercises.

However, for most students, it is not enough to just read books or passively listen to lectures.
In order to learn the student must actively participate in the learning process by doing exer-
cises. Moreover, just doing exercises is not enough, and the student must be given feedback
on his work. Otherwise he cannot know how he fared, and cannot learn from his mistakes.

Unfortunately, if a course has hundreds of students, all of whom do a large number of
exercises, the teaching staff does not have time to manually grade all the exercises. Auto-
matic assessment, which is becoming ever more common in computer science education, is
therefore needed [8]. With automatic assessment it is possible to cope with a large number
of students without requiring an unrealistic number of instructors. Also, AA allows the
course staff to concentrate on instructing the students during lectures, exercise sessions and
meetings, instead of having to spend all their time assessing the exercises. Furthermore,
if the instructors do not need to use their time assessing simple exercises, it is possible to
give more challenging exercises to the students. Such exercises, for example programming
projects, cannot be assessed automatically.

In addition to saving time, the use of automatic assessment has several other benefits com-
pared to manual grading. Students can submit their answers for grading whenever they wish
and receive immediate feedback on the answers [49]. It is also possible to allow the students
to submit their exercises multiple times. By reviewing their old answers and the feedback
given by the automatic system, the students can correct their submissions and learn from
their mistakes [26]. Using an automatic system it is also easier to compare student answers
to one other and spot possible plagiarism [38]. An automatic assessment system also elim-
inates the differences in evaluation and assessment between different people checking the
same exercise [35, 39].

1



CHAPTER 1. INTRODUCTION 2

Several down-sides to automatic assessment have also been reported. A survey made by
Carter et al. [8] lists reliance on technology, security, and plagiarism issues. An automatic
system must run on a computer, usually one connected to the internet. All computers are
susceptible to system failures which may, for example, prevent a student from submitting
his exercises or, in the worst case, cause a submitted answer to be lost. Also, when answers
are submitted through the internet, it is hard to reliably identify a student and make sure
that he submits his own work. He can just as easily copy his answers from a friend, or from
the Internet. Furthermore, if security isn’t given enough consideration, it is possible to gain
unauthorized access to the system and modify the results.

Even if AA is not used, however, there will be analogous problems on courses with hun-
dreds of students. For example, when hundreds of submissions are handled without auto-
matic systems, there is a chance that a submission may be lost, or that a grader forgets to
assess one exercise. Also, even if the submission is returned on paper, it is not possible to
reliably check whether a student has done the exercises by himself. The student can still
have a friend do the exercise in his stead, copy his answers from the Internet or from an-
other student. Discovering plagiarism is actually easier when automatic systems are used.
When there are hundreds of students returning the same exercise, a human instructor needs
a lot of time to check all the answers. The huge amount of work and the human inability to
remember all the small details makes it impossible for the instructor to spot all suspicous
answers. Therefore, using a well-made automatic plagiarism checker is a great help in spot-
ting plagiarism, since most of the work can be done automatically. The human instructor
needs only to check the submissions found by the automatic system.

Considering the many advantages automatic systems have and their huge potential for time-
saving, it is not surprising that a great number of automatic assessment systems have been
developed during the last decade and a half. They are a very attractive, and in some cases,
the only workable solution to the workload caused by the large number of students.

However, most of the research in the area of automatic assessment systems is focused on
either describing implemented systems and frameworks [11, 14, 21, 33, 44], or analysing
their effectiveness [5, 27, 43]. Typically, the main focus in the development of an AA
system is the implementation of the assessment module, exercises and the student’s user
interface. However, the system must also have some sort of interface for the instructors.
Unfortunately this interface is almost never described in detail, and typically is thought to
be less important than other aspects of the assessment system. This will easily lead to a
situation where the system is very hard for the instructors to use, and therefore will not be
adopted outside the group that originally created it.

The amount of work that an automatic assessment system can save is usually cited as the
main reason for using such a system. There are, however, several other possible benefits
in using AA. The system can log massive amounts of data concerning student activity. For
example, the students’ exercise submissions, answers, and assessment results can be stored.
Typically, this information is used only to monitor student progress on the course, and to
compile the final grades for the students. The information could, however, be used for
several other purposes. It is, for example, possible to compare the exercises and see which
of them are hard and which easy, by examining the students’ results. If the system gathers
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additional data, like some information on the students’ problem solving process, a more
detailed analysis is also possible [40, 41].

An automated system can, however, do only what is programmed to do. Therefore auto-
matic assessment systems must be well-designed, and flexible enough to support several
different use cases. If, for example, a system does not adequately show whether it received
a submission, many students will probably find the system frustrating to use. Or, if the fails
a submission because of a simple typographical error, the students are unlikely to think the
assessment to be fair. Similarly, if the feedback consists only of the amount of points gained
from an exercise, is not very useful for the student. He knows that something was wrong in
his submission, but does not have any hints on where the mistake is.

From the point of view of the instructor, the system must be flexible enough to support the
way he wishes to organize his course, and to handle the occasions where students need some
special considerations. If, for example, an automatic assessment system has no support for
deadlines, the instructor cannot use it to structure his by having the exercises have different
deadlines. As another example, on large courses, students often need extra submissions,
or extensions to deadlines. If the system does not have support for such modifications,
the instructor may need to do a lot of extra work manually. This, in turn, will undermine
the main reason for adopting automatic assessment: reducing the amount of work required
for course management. Also, if the system has no support for handling special cases, the
instructor may be forced to modify the data in it manually. This, in turn, is error-prone, and
can make the system behave incorrectly.

To summarize, from the instructor’s point of view, an automatic assessment system has a
large role besides just helping the students to learn the topics of the course and reducing
the number of exercises that need to be graded by hand. An automatic assessment system
is often a course management tool, which is used to track students’ progress and store their
results. A good automatic assessment system also allows the instructor to run the course as
he wishes, and to modify it for students who require some individual arrangements. A good
system can also be used to further develop the course and support research.

Unfortunately, in many automatic assessment systems, the instructor’s user interface has
only a very limited functionality or may be completely missing. Especially if the system is
new and still under development, the instructor’s user interface typically has a much lower
priority than the student’s interface, assessment modules or new exercises. This can easily
lead to a situation where the instructor’s user interface to the system is a number of shell-
scripts or a database terminal program. For the developers of the system, this can be enough,
since they know how the software works, how the data is stored, and where to find required
pieces of information. Therefore they can rather easily create new functionality on-the-fly.
Such an interface is, however, completely inadequate for people who are not familiar with
the code-level operation of the system. Therefore, without a good user interface for the
instructor, it will be hardf for other institutions to adopt the system.

It is clear that instructor’s user interfaces to automatic assessment systems need more re-
search. A good user interface makes the system easier to use and further reduces the amount
of effort required to manage the exercises and courses. It also prevents simple mistakes, like
incorrectly formulated SQL commands or typographical errors, from disturbing the normal
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flow of the course. A good interface makes it possible for people who have not participated
in its development to effortlessly take the system into use, and therefore makes it easier for
other institutions to adopt it.

In this thesis, I will study the instructor’s user interfaces to automatic assessment systems.
By examining existing systems, and interviewing instructors who have experience on using
automatic assessment, I will try to find out the required features for an useful instructor’s
user interface. I will research the automatic assessment systems in the context of computer
science education, with special emphasis on courses with hundreds of students.

The rest of this thesis is organized as follows: in Chapter 2, I introduce the objectives of
this thesis in more detail. Chapter 3 gives an overview of previous research on automatic
assessment systems as I briefly introduce several existing tools. In chapter 4, I describe the
results of expert interviews I have conducted. Chapter 5 concentrates on the TRAKLA2
system, and there I describe the new instructor’s user interface I have implemented to the
system. Chapter 6 contains the evaluation of the new TRAKLA2 features and the experi-
ences gained from using the system. The final Chapter 7 holds a summary of the work.



Chapter 2

Objectives and Context

In this work, I will examine automatic assessment systems from the point of view of the
course staff. The emphasis is in trying to find the instructor’s user interface functionality
required for such a system. As a case example, I implement an instructor’s user inter-
face to the TRAKLA2 system[22]. TRAKLA2 is an automatic assessment system for data
structures and algorithms, which is currently used at Helsinki University of Technology,
Tampere University of Technology, University of Turku and at Helsinki Polytechnic Stadia.

The research problems for this work are:

• To find the required functionality for a useful course staff interface to an automatic
assessment system

• As a case example, to construct a staff interface to the TRAKLA2 system

The functionality required for course staff interface is gathered by examining existing sys-
tems, literature on previous research, and by interviewing instructors who have experience
with automatic assessment systems. The functionality is gathered into two lists of function-
ality: functionality in existing systems and functionality mentioned by experts.

In this work an automatic assessment system is defined as a software product which takes
a submissions to an exercise as input, assesses the submission without need for human in-
tervention, and produces useful feedback based on the assessment. Typically the feedback
takes the form of points (out of some maximum) and text (typically comments on the an-
swer). Other forms of feedback, such as visualizations, animations or even speech, are also
possible.

While the assessment feature is the most important aspect of the system, many AA sys-
tems include also several other features. A system can include database for storing results,
user information, or course definitions, one or more interfaces for different types of users,
authentication and plagiarism checking tools, etc.

The context of this thesis is in the field of computer science education (CSE) with special
emphasis on large courses. A large course in this context is any course where the number

5
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of students is large enough that the course instructor has no way of manually checking all
the answers the students produce. Typically at Helsinki University of Technology, large
courses can have hundreds of students. The Data structures and algorithms course, for
example, typically has over 400 students.

2.1 User Groups

An automatic assessment system typically has several different kinds of users. Pardo [33]
lists three (student, professor and grader), while Dalziel [9] lists two (designer and student),
Perston and Russel [34] have three (instructor, rater and student) and Higgins, et al. [14]
use five (student, tutor, teacher, administrator and developer).

In essence, there are three different kinds of user groups: students, instructors and system
administrators. The same conclusion has been drawn in [48]. Students are the most popu-
lous user group, who use the system to submit exercises and view feedback. The instructor
user group contains all course staff. In several systems, course staff can be divided into
different user groups. The division is, however, completely system-dependant. Therefore,
in general discussion it is better to include only one user group for course staff. Administra-
tors are the people who are responsible for maintaining the whole system. Therefore, they
are a separate user group from instructors, who are responsible for maintaining one course.
It should be noted, however, that instructors and administrators are in many cases the same
people.

Sometimes system developers are included as a separate user group. A system developer’s
view of an automatic assessment system is, however, fundamentally different from the other
users. Students, instructors and administrators are the end users of the system, and interact
with it through an user interface. Developers, on the other hand, implement new function-
ality and fix faults in the system. They interact with the system on a code-level. In this
work, therefore, the point of view of the system developers is mostly left out. Only when
describing the new instructor’s user interface to TRAKLA2, is the point of view of a system
developer touched upon, as the description delves to the code-level details of the system.

In this work, I will concentrate on the point of view of instructors and administrators. The
main focus is in the point of view of an instructor using the system on a large course.
The instructor has two goals when using the system. First, he is interested in reducing the
amount of work required to administer a very large number of students, who all submit
dozens of exercises during the course. Second, he is interested in the data gathered by the
system which can be used in course development or other research.

2.2 The TRAKLA2 Instructor’s User Interface

The TRAKLA2 automatic assessment system [22] is the successor of the highly successful
TRAKLA system [15]. TRAKLA was used at the Helsinki University of Technology be-
tween 1991 and 2003, and TRAKLA2 replaced it on spring 2004. When TRAKLA2 was
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taken into use, only the students user interface was implemented. Instructors had to use the
command-line database interface for system administration. In this work, an instructor’s
user interface to the TRAKLA2 system is implemented. The interface described here is
based on the experiences with a rapid prototype, and the list of functionality gathered from
related work and expert opinions.

The development of the instructor’s user interface used the rapid prototyping software de-
velopment model. In this model, a prototype of the new system is first implemented in the
very beginning of the development process. This prototype is then used to gather experi-
ences for later parts of the system development.

2.3 Evaluating Automatic Assessment Systems

Evaluating an automatic assessment system is problematic, and there is very little literature
available on the subject. Valenti et al. [48], however, have suggested adapting the ISO9126
standard for “Software Engineering – Product Quality” [1] for evaluating computer based
assessment systems.

Quality in The ISO9126 standard is identified with six characteristics: functionality, reli-
ability, usability, efficiency, maintainability, and portability. Each characteristic is further
divided into several subcharacteristics. Valenti et al. suggest using the three domain specific
quality characteristics, functionality, usability, and reliability, for CBA system evaluation.
The rest of the characteristics are left unused, since “they are either domain independent or
un-assessable by the end users” [48].

The evaluation of quality cannot be done only based on the quality characteristics. The
characteristics must be defined in the context of the evaluation, that is the description of the
target systems and the environment where it will be utilized. The systems considered in this
work must serve three different user types: students, instructors and administrators. The
context is the instructor’s and administrator’s point of view to an Automatic assessment
system used for computer science education. The system is assumed to be deployed in a
web environment and accessed through a standard web browser.



Chapter 3

Related Work

Today, automatic assessment is used with numerous different types of exercises and there
have been numerous assessment systems, ranging from very simple tools used on just one
course at a single university to large commercialized products used in dozens of institutions.
In this chapter, I will discuss several existing AA systems in more detail. For each system,
I will describe the general functionality and purpose of the system and introduce the user
interfaces of both students and instructors, if they are present. I will also discuss how the
system handles automatic assessment and give an overview of the types of exercises and
the way data is stored.

3.1 Exercise Types

The field of automatic assessment is huge, and therefore it would be helpful to categorize
the different systems. Carter et al. [8] divide exercises into five categories: multiple choice
questions, text answers, programming assignments, visual answers and peer assessment. In
the following these categories are discussed in more detail.

It should be noted, however, that the categorization is by no means comprehensive. The
Carter et al. paper is a survey on the use of assessment, and not a taxonomy of exercise
types. Furthermore, the paper was about computer aided assessment, and therefore some of
the fields described there are not relevant when discussing automatic assessment.

3.2 Multiple Choice

Multiple choice questions are the simplest, and therefore perhaps the most common form
of AA. It is easy to create multiple choice questions by using, for example, HTML and
Javascript. In such a system, the assessment procedure can be embedded into the questions
themselves, and there is no need for a dedicated AA server to check the answers. However,
if the questions are to be used in summative assessment, a server to store the students’ results

8
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for later use is required. Multiple choice questions can also be used in several situations
that have little to do with teaching. They are common in surveys, polls, and trivia contests.

The most common form of a multiple choice question has four alternatives, of which only
one is correct. There are, however, several simple variations on this theme. For example,
the number of incorrect choices can vary, usually from two up to any number. Also, it is
possible to include more than one correct answer, and perhaps a correct one and several
semi-correct ones.

Typically a student is rewarded points for the correct answer, while an incorrect choice
gives either zero or a negative number of points. If negative points are possible, the student
usually has the option of not answering a question. The approach, where there are almost
correct answers, would require changing this formula to include the semi-correct choices.
One solution is to give several points for the correct answer, one for a semi-correct choice
and zero or negative points for an incorrect answer.

It is also possible to expand the concept of multiple choice questions beyond the simple
approach of having the user select one choice from a number of alternatives. One option
is to list a number of terms, concepts, etc., and have the student connect those that are
associated to each other. An example of this type of exercise is: “Connect each given
algorithm to the data structure it must use”.

Assessing multiple choice questions is technically very easy. The assessment procedure
takes the student’s answer, the key of the correct answer and the grading formula as input.
It compares the student’s answer to the correct one and gives points accordingly.

The simplicity of implementing multiple choice questions has made them a very popular
feature in course management systems, as well as other educational software that otherwise
have no AA capability. For example, the WebCT1 system includes this feature.

3.2.1 Älypää

The Älypää 2 (“egghead”) quiz system is an edutainment system using multiple choice
questions. The system was created by Älypää Oy in Finland and has been in use since
1998. Despite being an edutainment system, it is an excellent example of what a good mul-
tiple choice question system should be like. In educational context, the system is used by
several companies to quiz their employees of company practices, policies, etc. The system
is also used at Helsinki University of Technology as an optional part of a data structures
and algorithms course.

Since Älypää is an edutainment system, the user who answers the multiple choice questions
is referred to as the player, not the student. Therefore, in order to be consistent with the
terminology used in Älypää, the term player will be used here, as well. Also, using Älypää
is referred to as playing, and taking one quiz is one game of Älypää.

Another user group for Älypää are administrators, who manage the system’s question bank.

1http://www.webct.com/
2http://alypaa.com/
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Since Älypää is an edutainment system, the administrator handles responsibilities that in
most system belong to the instructor in addition to “normal” system administration. There
is no separate instructor user group. The player’s user interface to Älypää is based on
Macromedia’s Flash framework while administrators use a web browser.

Älypää uses a format similar to the “Who Wants to Be a Millionaire?” game. In the mil-
lionaire game, the player is asked a number of increasingly difficult questions, which have
four alternatives. Each correct answer increases the amount of money the player earns from
the game, and at any time he can quit and walk away with the amount of money he has.
Wrong answer ends the game, and the player loses his money. The player also has three
“lifelines” during the game that he can use to make a question easier.

In Älypää the player is given a series of 25 multiple choice questions that have four alterna-
tives. One of the choices is the correct one. A correct answer will lead to the next question,
until all 25 questions have been answered. A wrong answer ends the game. Each question
must be answered within a given time limit, or the game ends.

During one game the player has three “lifelines” which make answering a question easier:
he can remove two wrong choices, ask for a hint and skip a question. Each function can be
used once per game. During the game, the player is given points for correct answers. The
amount of points awarded is based on how many correct answers the player has already
given, how quickly the player answers the question, and how difficult the question is. A
wrong answer deducts points from the final score. The player can also decide to end the
game voluntarily, keeping the current score.

The framework behind Älypää includes several noteworthy features. First, while four alter-
natives are shown for each question, there is no set limit to the number of wrong alternatives
in the database. The system randomly selects three wrong choices to accompany the correct
one each time a question is asked. Also, all questions in the system can be ranked according
to how difficult they are, and are divided into categories according to the topic they cover.
In each game the 25 questions are selected randomly. If desired, questions covering certain
topics or of certain difficulty can be selected. For example, first questions are typically eas-
ier, and the questions can be limited to certain topic or set of topics. With a sufficiently large
bank of questions, these features make Älypää a good system for e.g. informal quizzes.

The questions are maintained by an administrator, who has access to the system through a
web interface. Through the administrator interface, it is possible to add, remove and modify
questions. Each question contains the correct answer, a number of incorrect answers, diffi-
culty, and category where it belongs. All of these can be modified from the web interface.
It is not, however, possible to add, remove or modify difficulty levels or question categories
from the web. Also, each question must be modified separately through the UI, and there is
no way of doing batch runs (i.e. to remove several questions, or add a number of questions
with one command). Furthermore, the administrator interface does not contain a way of
accessing any information on results gained by players of Älypää. The system is capable
of showing score lists, but it shows only the scores of the top players in decreasing order,
instead of giving a comprehensive list that includes all players.

The Älypää system has been successfully used on a Data Structures and Algorithms course
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at the Helsinki University of Technology. It was voluntary supplemental material for the
course. The pedagogical aim was to make the students interested on the topic at hand,
and perhaps make them learn some basic facts. Student response to the system was very
positive, and many used it quite extensively. It has not been studied, however, if using
Älypää affects the students’ overall course results.

3.3 Programming Assignments

In the field of computer science, the automatic assessment of programming assignments
is perhaps the most classic example of AA. Over the years, there have been dozens of
different systems created. The systems vary from simple ones used just in the university
where they were created, to widely used professional products. The automatic assessment
of programming exercises has been a subject of research for decades. “Grading programs”,
as Forsythe and Wirth [13] call their programs that grade students’ assignments, were in
use as early as in 1961. Also others, including Naur [31], did early work on automatic
assessment. The language of choice, in those days, was Algol.

The programming assignments category of AA includes all systems that automatically as-
sess some aspects of student-written computer programs. Naturally, there are several dif-
ferent aspects of a programming assignment that can be assessed, and many analysis tech-
niques can be used to assess the same aspect. The earliest assessment systems were simple:
the student program was ran with several (possibly randomized) inputs, and its output was
compared to the output created by an instructor-provided model program. These output
matching methods are still used in the assessment of programming assignments, although
often combined with other methods [4, 5, 16].

A more advanced method for program assessment is analyzing the internal structure, or the
run-time behaviour of the student’s answer. Robinson and Trosun [37], for example, did
early work in this area by estimating the execution time spent in each program block. More
recent examples include Scheme-robo [38] where abstract syntax trees are used in analyzing
whether some desired structures were present in the answer, and CourseMaster [14], which
has the ability to search submissions for specific features, such as desired type of loops.

Yet another important aspect is assessing programming style, a field that has been re-
searched at least from the early eighties [36]. Style analysis is not concerned with the
functionality of the program, but measures how well – meaning in this context how under-
standable the code is to another human reader – the student is able to write program code
and follow widely accepted coding conventions. Today, several automatic systems include
style assessment features [2, 4, 16, 30].

The abovementioned three approaches, output matching, structure analysis, and style anal-
ysis, are the most common types of AA for programming exercises. Most systems use at
least one of the approaches in assessing student performance. Another important aspect to
consider is the application area of the programs to be assessed. There are many systems for
assessing short exercises on introductory programming courses [38, 4, 16] without speci-
fying any particular problem domain. There are also program assessment systems that are
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tied to a specific application domain, like graphical user interface programming [11], or
database programming [25, 29]. The following systems encompass the three most com-
mon approaches to automatic assessment of programming and, at the same time, highlight
a few different approaches to how an instructor can use a system. Because of this, the user
interfaces of the systems vary from nearly non-existent to highly complex. The described
systems are not tied to any particular problem domain.

3.3.1 ASSYST

ASSYST [16] is an automatic assessment system for Ada programs developed at the Uni-
versity of Liverpool. The system has graphical user interfaces for both students and in-
structors, and the instructor has a very large role in the assessment procedure. The system
is capable of independent, completely automatic assessment, but is generally used only
under instructor supervision.

The student’s user interface to ASSYST is very simple, and merely allows the student to
submit his solution for assessment. It is assumed that the student submits his own test data
with the program. Feedback for the assessment is not immediate, since the instructor has
to explicitly start the assessment procedure, and it is assumed that the instructor is present
when the system assesses submissions. Feedback for the submission is sent to the student
through email.

ASSYST uses measurements in five different areas to assess the submissions: correct-
ness, efficiency, complexity, style, and test data adequacy. In correctness analysis ASSYST
checks that the submitted program can be compiled and that it contains the required func-
tionality. Functionality is assessed using pattern matching to examine the output of the
student’s program. The instructor provides a specification for the expected output and the
system uses the Unix Lex and Yacc tools to create a program that checks whether the output
of the submission conforms to the specification.

There are two methods for checking the program efficiency in ASSYST. First, the system
can observe the CPU time used by the program, and compare it to the execution time of a
model program. However, since many submitted programs on basic courses are tiny, the
execution times can be so small that observing the CPU time might not give an accurate
picture on how efficient a student’s answer is. Therefore, ASSYST is able to count the
number of statements executed by the program. By comparing the statement count of a
student’s answer to the count provided by the model answer, it is possible to estimate the
efficiency of small programs.

Program complexity analysis in ASSYST is based on the size of the flow control graph of
the program, using McCabe’s metric [28]. The metric defines the cyclomatic complexity of
a program as V (G) = e−n+2, where e is the number of edges and n the number of nodes
in the flow control graph of program G.

Style analysis in ASSYST is based on a metric originally created for the C language and
adapted to Ada by the authors of the system. The metric measures several aspects of style,
including module length, amount of comments, indentation, etc. Each measured aspect has
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a weight value assigned to it and the total style value is combination of the values.

Finally, the student has to submit test data along with his program. ASSYST runs the
submitted program with the accompanying test data, and measures the statement coverage
given by each test. The adequacy of the test data is measured by dividing the number of
statements executed with the total number of executable statements.

The assessment process is started and controlled by an instructor. The instructor can access
ASSYST through a mouse-driven graphical user interface. Though the interface, the in-
structor may view courses, student information, and the students’ submissions. He can also
grade each submission using ASSYST’s assessment modules. After automatic assessment
the instructor may modify the grade, add his own comments and send the results of the
assessment to the student through email. The available literature did not specify how new
courses are added to the system, how the instructor can modify existing courses, or how the
submissions and results are saved on disk.

3.3.2 Ceilidh

Ceilidh [39] is an automatic assessment system for C programming exercises, originally
created at University of Nottingham. Ceilidh was later adopted and modified in several
institutions around the world. In Nottingham, the system was developed further and even-
tually renamed CourseMaster [14].

Originally, Ceilidh was a collection of C, C++, and awk programs for UNIX. These pro-
grams were called through an user interface developed for VT-100 terminals, which were
common in Nottingham those days. Later, other user interfaces, including graphical ones,
were created for other platforms.

The system has four different categories of users: students, tutors, teachers and administra-
tors (called “course developers”) where students have the most restricted and administrators
the least restricted access to the system [4]. Each user category has all the features of the
more restricted categories available to them. Therefore tutors have all the student-level
features available for them, plus some new functionality.

Through Ceilidh a student can view course information, including deadlines for exercises,
exercise specifications, and outlines for program exercises. He can also use the system to
submit his exercise for assessment, and view the results. Typically, a student can submit a
single exercise for multiple times. Finally, the model answer is available once the deadline
for the exercise has passed.

The system is capable of several different types of evaluation to student programs. The
different types of assessment included in the system are dynamic correctness, dynamic ef-
ficiency, typographical analysis, complexity analysis and structural weakness. Any subset
of these can be used to evaluate the student submissions.

The dynamic correctness and dynamic efficiency evaluate the run-time properties of the
program. Correctness evaluation uses output matching. The submitted program is run with
a set of test data, and output is compared to specified model output. The model output
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is not an exact model that strictly states what is required. Instead, a regular expression
is used to specify the model output. This makes the system more flexible, and gives the
students more freedom in constructing the their programs. Also, using regular expressions
allows the students to focus more on the functionality of programs instead of worrying
about the correctness of the output. Efficiency evaluation is based on program profiling,
where unexecuted code is spotted, number of loop iterations counted, etc., and results are
reported after the program has terminated.

Typographical analysis is used to rate how understandable to program is to a human reader,
and evaluate the programming style used. Typographical analysis measures how the pro-
gram source code is presented to a human reader, including consistent and understandable
indentation, identifier name lengths, amount of comments, average length of program mod-
ules, etc.

Complexity analysis evaluates the static complexity of the program by counting the fre-
quency of certain program structures, like conditionals, loops, library functions, etc. The
complexity of the student solution is compared against the model solution. Structural weak-
ness analysis searches for unused variables, return values and other unused program parts.
It uses the Unix C lint utility to find the problems in the students’ code.

The instructors, tutors and teachers in Ceilidh terminology, can view the students’ submis-
sions through the user interface, observe the current course situation, including informa-
tion on which exercises students have submitted, see grading, and the attendance to live
meetings. In addition, teachers can create new exercises, modify grades given by auto-
matic assessment, get some statistics for the course, and run plagiarism checks. The ceilidh
user interface calls underlying Unix scripts and programs in order to perform the required
functionality. This makes it also possible for the instructors to browse the system from
command-line, instead of using a specific user interface. Furthermore, it is possible to use
Unix scripting languages to produce new functionality.

All data in Ceilidh is stored straight to the file system. Each course in the system resides
in its own directory, and each round has its own subdirectory. Exercises, in turn, reside in
the subdirectories of rounds. Configuration files are used to create exercises and stored in
the same subdirectory as the exercises. Student submissions to an exercise are stored in
the filesystem, in a subdirectory of the exercise directory. Typically only one submission
for each student is stored by the system, and it is overwritten when the student submits his
work anew.

3.3.3 Style++

The Style++ [2] tool automatically measures programming style for C++ programs. It
was created at Tampere University of Technology, and is currently used there on several
C++ programming courses. Unlike many other systems, Style++ is just an assessment
tool and does not include any functionality related to course management. Instead, it can
be included into other automatic assessment systems that already contain this functionality.
For example, on some courses at Tampere University of Technology Style++ is incorporated
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to the Ceilidh system. On these courses Style++ is used to assess the programming style,
while Ceilidh assesses other aspects of the program.

The Style++ tool is implemented for the UNIX environment, and can be used either from
command line or through a graphical user interface. The output of the tool intentionally
resembles the output of a typical compiler in order to make the program more attractive to
new users. This is based on the assumption that compiler is the basic tool of programmers,
and a system that gives output similar to compiler output is therefore easier to learn and
understand. The output given by Style++ can be configured to include several different
types of feedback. The output can include warnings, or instructions for the stylistic changes
the student should make. It can also show the grade for the submission, compare the given
score to the maximum, or include information on how submissions are scored.

At Tampere University of Technology the tool is used in two ways. First, the students can
use the tool during program development to see if their programs fullfill the style require-
ments of the course. The tool is installed on all UNIX machines at the university, and the
Style++ configuration file defining the requirements for the course is available. Second, the
tool is used as a part of program assessment, either in cooperation with other automatic as-
sessment tools, or as “pre-assessment”, where the submission has to pass Style++ analysis
before being given to a human tutor.

Assessment in Style++ covers 64 different measurements of programming style. These
measures include several modularity, typography, clarity, simplicity, independence, effec-
tiveness and reliability aspects of the program. Not all measurements need to be used.
Using a configuration file, it is possible to tell Style++ which measurements are used and
how the submission should be measured (for example, how long variable names should be,
or how large percentage of comments the code should contain). It is also possible to use
the configuration file to specify the feedback messages given to the user. If no special con-
figuration is given, the tool uses the default values meant for the introductory programming
course.

The Style++ tool is based on the C++ Front End program that is a C++ compiler cre-
ated by Edison Design Group. C++ Front End compiles the given program to a machine-
independent intermediate language. It can also check the program syntax and semantics,
and can give versatile feedback. The compiled program also contains a large amount of
information of the original code, making it possible to trace errors in the intermediate lan-
guage back to the original source.

Since Style++ is not designed as a stand-alone system for summative assessment, there is
no instructor’s user interface as such. The job of the instructor is to decide how the tool
is used to assess students’ programs (that is, to write the configuration file) and, if used in
cooperation with other assessment systems, integrate Style++ into the automatic assessment
procedure.
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3.3.4 Scheme-robo

Scheme-robo [38] is a system for automatic assessment for programming exercises using
the Scheme programming language. The system was created at Helsinki University of Tech-
nology for use on the first course on programming. In the strictest sense, Scheme-robo is
only an automatic assessment system and does not contain any course management func-
tionality. At Helsinki University of Technology the management core of the TRAKLA [15]
system was used for course management tasks. Here, however, Scheme-robo system is de-
scribed as it was used at Helsinki University of Technology, course management features
included.

There are two user groups in Scheme-robo: students and instructors. In Scheme-robo the
students’ user interface is completely email-based, and students interact with the system by
sending emails in pre-defined format. Exercises, which are grouped into rounds, are sent to
the students in an email once the round opens. Students solve the exercises, and send their
submissions to the system by email. The system responds by sending the feedback and
points to the student. For each exercise, there is a limited number of allowed submissions,
and the highest score attained will be the student’s final score for the exercise. The students
can also request Scheme-robo to resend a certain round, or ask for their current point totals.

In a typical Scheme-robo exercise, the student must develop one Scheme function instead
of a complete program. The main method of assessing the submissions is by executing the
student-made functions in a Scheme interpreter, and examining the return values. The sub-
missions are executed in a safe sandbox specifically created for this purpose. The sandbox
prevents the assessed function from running infinitely by monitoring the executing time,
and excludes file I/O and other features that might compromise the security of the assess-
ment system. The assessment is very similar to output matching done by e.g. Ceilidh.
However, instead of matching printed output, the assessment procedure compares function
return values. This moves the focus of the exercises from producing program output, which
is not pedagocially very interesting, to creating correct program functionality.

Most of the test runs in Scheme-robo are pre-defined. The system executes a student’s
answer and compares the result to a given model output. Random tests, where the output of
the student’s submission is compared to the output of a instructor-provided model answer,
can also be used. The features of Scheme and the Scheme interpreter used by Scheme-robo
enable exercises where the student is required to submit a function that is part of a larger
program. The assessment procedure can then load the student’s function along with the rest
of the instructor-provied program, and test the whole.

In addition to test runs, Scheme-robo is also capable of examining the structure of the sub-
missions. The structure analyser checks the submission for certain keywords, in order to
make sure that the student’s submission does not include Scheme commands that are not al-
lowed for the exercise. For example, if the exercise is to reimplement the Scheme reverse
primitive, the primitive itself must not be used in a submission. Scheme-robo is also capable
of examining the structure of a submission by converting it into a an abstract syntax tree,
which is a very simple procedure in a Lisp-like language. The tree can be then examined for
certain subpatterns. This is usually used to make sure that the student has used the exercise
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skeleton provided by Scheme-robo. In addition, the system includes plagiarism detection,
which also uses abstract syntax trees. The plagiarism detector compares all exercises, in-
stead of just one exercise. The code to a single exercise is so small that similar solutions
are common, and therefore trying to use single exercises for plagiarism detection would not
work. If a pair of students have many similar submissions the system alerts the instructors,
who manually check the submissions and have the final say in the matter.

There is no instructor’s user interface, as such, in Scheme-robo. In the position of an user
interface, there is a number of Unix shell scripts and awk programs, that are used from
standard Unix shell. Using the scripts, it is possible to create new courses, generate reports
from the system, see student results, modify grading and handle special cases. Further
functionality can be achieved by creating new scripts.

The state of the assessment system is contained in the file system, and if the system halts for
some reason (i.e. power failure), it can continue the assessment from the same place. Only
those operations, for which the results were not stored on the disk, must be redone. Exer-
cises in the system are defined using configuration files, which include exercise description,
possible skeleton for submissions, assessment principles, test runs, etc. Since many exer-
cises can share similar assessment principles or test runs, a configuration file can include
other configuration files, in a style similar to the include -functionality of the C language.
This will remove the need for copying configurations, and the problem of maintaining the
same information in several places. Student submissions, results of assessment, etc. are
also stored in the file system.

3.4 Visual Answers

In automatic assessment systems supporting Visual answers, a student manipulates visual-
izations in order to create an answer. This category covers a wide range of visualizations
including automata and other formal constructs [46], data structures and algorithms [22],
UML diagrams and flowcharts [14], etc. Unlike other categories in the classification, vi-
sual answers are defined by the medium (visualization) through which the student solves
the problem instead of the type of exercise to be solved. Therefore, for most subjects, it is
possible to create AA systems that test the same topic without using visualizations.

Data structures and algorithms (DSA) is one of the most central topics in computer science,
and the basics of DSA are taught to all CS students. However, it seems that in most insti-
tutions DSA is taught as a part of a programming course (typically the second course on
basic programming). Therefore, only a few AA systems that are designed to assess DSA
on conceptual level instead of implementation level exist [6, 12, 15, 22]. If DSA is taught
on a programming course, the exercises are typically small programs, and their assessment
falls into the program assessment category.

When DSA is taught on the conceptual level, the focus is not in the implementation of the
data structure, but on how it works on a more abstract level. Therefore, the student might be
given a visualization of an empty binary tree, and tasked with showing how keys are added
to and removed from the tree. In essence, the student simulates the algorithm by placing
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the keys to the correct positions in the tree visualization.

Another aspect of computer science education where visualization has been used exten-
sively is theoretical computer science. Through visualization exercises on different theoreti-
cal entities like formal languages and corresponding automata, semantic/analytic taubleaux
trees, etc., can be made much easier for student to comprehend [3, 10, 17, 45]. When teach-
ing such systems, the visualizations are typically used to show the structure of the entity at
hand, and the student is tasked with demonstrating how it works. The student might also
be given one entity (i.e. a language) and tasked with constructing a corresponding other
entity (i.e. an automaton). In systems like these, visualization is typically used to make it
easier for the student to grasp the subject matter. Visualization has the additional upside
that typographical errors are not possible when manipulating a visualization. Therefore, the
use of visualization makes the problem easier to understand, and may also prevent student
from doing trivial mistakes.

Visualization can also be used in solving exercises related to formalisms that can be shown
as diagrams. UML diagrams are an example of this. For example, the CourseMaster sys-
tem [14] is capable of automatically assessing UML class diagrams, flowcharts, and logical
circuits. Closely related to CourseMaster is also the DATsys system, which is a framework
for automatic diagram assessment [47]. Important in automatic assessment of diagrams is
to be able to separate the visualization (the diagram itself) from the data it represents, since
typically the instructor is concerned with the correctness of the model and not the clarity of
the visualization.

3.4.1 TRAKLA

TRAKLA [15, 21] is an automatic assessment system for data structure and algorithm ex-
ercises, created at Helsinki University of Technology. There, the system was used as a
compulsory part of the basic DSA course between 1991 and 2003. After spring 2003 the
TRAKLA system was replaced by a newer, more flexible one.

In TRAKLA, students can solve the exercises either through email-based user interface
or by using visualizations in the World Wide Web. A text notation is used to portray the
required data structures in the email UI. In the exercises, the students have to manipulate
the given data structures and return their results for evaluation. Typically, only the final
stage of the data structure is returned for evaluation, but sometimes one or two intermediate
stages are also required. The exercises are tailored with different input for each student in
order to prevent plagiarism.

Originally, there was only the email-based user interface, until the graphical UI, called
WWW-TRAKLA, was created in 1997 [20]. WWW-TRAKLA is a graphical front end to
TRAKLA that accepts the input data structures and exercise descriptions for a TRAKLA
exercises, and visualizes them for the student using a Java applet. Using the applet the
students can solve and submit their exercises through the Web. In addition to visualiza-
tion, WWW-TRAKLA allows the student to manipulate the data structures by dragging
and dropping elements. The WWW-TRAKLA front end does not change the assessment in
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any way, and the students are still free to use the original email-based user interface. The
WWW-TRAKLA web environment is simple. On the main page the student selects the
exercise and gives his student id number to a web form. The system parses this data and
produces the required applet. In order to solve another exercise, the student has to refill the
form. There is no session control.

The students return their answers through email or the Web for automatic assessment. The
answers are assessed by comparing the student’s answer to a model answer produced by
a real algorithm using text comparison techniques; each exercise has its own assessment
algorithm. The assessment takes the exercise and the student’s answer to it as input. It
solves the exercise, and compares the model answer to the student’s submission using var-
ious heuristics. The heuristics can spot some simple errors, and can therefore recognize
some correct answers that include, for example, a typographical error.

Originally, the exercises were assessed only once, when the deadline had passed. After
assessment, points, possibly some textual feedback on mistakes, and the correct answer
were sent to each student. Later, the possibility of multiple submissions was introduced. In
the current version the submissions are assessed almost immediately (the assessment script
is run ever fifteen minutes), and feedback consisting of a grade and possibly additional
textual feedback is sent to the student. Submissions are accepted until the deadline, or until
the maximum number of submissions is reached. The best submission is chosen as the final
points for each student. After the deadline has passed, the correct answer is sent to the
student.

In TRAKLA, courses are divided into rounds that contain one or more exercises. Each
round has its own deadline, and the number of rounds per course, and exercises per round,
is unlimited. The exercises are selected from an exercise bank. There is no real user in-
terface for instructors and administrators, and they use a number of command-line scripts
and configuration files to set up courses, receive student results and solve special cases.
All data is stored in text files that are processed by scripts in order to create course results,
statistics, etc. For example, a course is set up by creating a new directory for it, creating a
configuration file which defines the course, and adding this new course to the list of courses
in the system.

3.4.2 TRAKLA2 Prototype

The TRAKLA system was succeeded by TRAKLA2 [26] in spring 2003. By that time the
limits of the TRAKLA system had become obvious. For example, in TRAKLA a student’s
submission usually consisted of only the final stage of the data structure. The assessment
therefore just checked if the student had reached the correct final configuration, and could
not check if the student had used the correct algorithm to reach this configuration. How-
ever, when trying to learn data structures and algorithms, it is important to learn how the
algorithm works, and not just be able to produce the same final results.

Also, it was a hard and time-consuming task to create new exercises for TRAKLA. The
system was implemented in C and no system-specific development tools existed. In addi-
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tion, there was no common assessment logic, forcing the developer to create the assesment
for each exercise from ground-up. Moreover, the TRAKLA namespace could contain only
100 exercises.

TRAKLA2 includes several improvements over TRAKLA, but main idea is the same:
the student is given a data structure and has to simulate an algorithm on the structure.
TRAKLA2 exercises, however, are only available through an applet, and there is no email-
based user interface. The student uses graphical manipulation to modify the data structures
and to simulate the functionality of the required algorithm.

Upon completion, the student submits the whole simulation sequence for evaluation and
receives immediate feedback from the system. Exercises in TRAKLA2 are assessed using
a generalized assessment procedure, which takes as input the student’s submission and the
model answer. The procedure compares these two and tries to find identical states.

TRAKLA2 exercises are developed using the Matrix framework [23], which contains sev-
eral ready-made data structures that can be automatically animated and visualized. The
framework also includes extensive support for the development of exercises. It contains,
for example, a number of interfaces that can be used to implement user interface function-
ality to the exercises.

The TRAKLA2 prototype was used only on the spring 2003, when the new exercises were
run in parallel with exercises of the old TRAKLA system. Therefore, the same web en-
vironment was used for both systems. As typical for the Data structures and algorithms
course, the exercises were split into several rounds. On most of the rounds the students
used the old system, but there were two rounds on the course where the new TRAKLA2
exercises were used. The WWW user interface to the two systems was identical. The only
difference between the old and new exercises was the applet used for solving the exercise.

The TRAKLA2 exercises used the generalized assessment procedure, but the course man-
agement was done using the TRAKLA server. The server, however, was never meant to
work with the new exercises, which led to a number of problems. The new exercises were
added to the TRAKLA server using a number of ad-hoc solutions because of the incom-
patability of the two systems. For example, the new applet had to be fitted into TRAKLA
web pages.

The instructor’s user interface to the TRAKLA2 prototype was identical to old system, since
the prototype used TRAKLA’s course management features. The old system’s student’s
web user interface, however, was not meant to be a stand-alone system. While the student
could solve exercises through the web, he could not view his points there, and had to ask for
results list through the e-mail interface. Therefore the TRAKLA system was not ideal for
new exercises, which did not need the email interface. The TRAKLA server was replaced
by a new web environment created specifically for TRAKLA2. This new environment was
used for the first time in spring 2004.
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3.4.3 Stratum

STRATUM [17] is an automatic assessment system for teaching logic, automata, grammar and
other formal systems in computer science. The system was developed at Helsinki University
of Technology for use on several theoretical computer science courses. Later, it has been
adapted for teaching other subjects, most notably compilers. The system is currently used
for Smullyan’s analytic taubleaux [42], finite automata, regular expressions, and compiler
assignments.

The STRATUM-system was created for distributing personalized home assignments through
WWW and automatically assessing the student submissions. Submissions are returned
through email, but typically STRATUM is used with a separate tool for solving the exercises.
The tool contains functionality for submitting the exercise with a single command and thus
the students do not need to know which email address to use, what kind of mail to write or
other specifics of the submission mechanism.

The student’s user interface to STRATUM is divided into two separate parts: WWW interface
through which to fetch the exercises and check the results, and a tool for solving and sub-
mitting the exercises. Each student has their own password-protected page under STRATUM.
User id and password for accessing the page are sent to each student at the start of the
course. From the web page the student can fetch his exercises, view submitted answers
and, if his submission was incorrect, view feedback from the assessment system. In order
to prevent plagiarism the exercises are typically tailored for each student.

Smullyan’s taubleaux are solved using a tool called TABEDIT. It is a stand-alone tool that
provides a graphical environment where the student can load an exercise, and use the vari-
ous rules of Smullyan’s method to either prove or disprove the given logical tableau. Rules
are selected from a list of taubleau rules. If a correct rule is chosen, the system applies it
to (selected part of) the tableau. Incorrect rules cause the program to wait for a while. The
wait time increases exponentially with each mistake in order to prevent the student from us-
ing the trial-and-error problem solving method. TABEDIT also contains functionality to save
and load the assignments, making it feasible to leave an exercise unfinished and continue it
later.

In the case of taubleaux, assessing the students’ submissions is rather straightforward. Solv-
ing an exercise is computationally challenging (it is a coNP-complete problem), but check-
ing whether a given proof is valid is straightforward. A submission can be verified by visit-
ing all nodes in the proof in order to see whether tableau rules were followed and checking
that each terminal node is marked as either contradictory or non-contradictory. In case of
incorrect proof, the system sends feedback to the student.

In STRATUM the instructor’s user interface is a number of Unix shellscripts. Using the scripts
it is possible, for example, to add and administer students, gather statistical data and results.
Some administrative tasks are also done by modifying configuration files. The instructors
access the system through UNIX shell, and access control is done by the operating system.
Automated tasks, like assessing exercises and assembling results lists are run periodically.
Each student’s information is stored in a separate directory that contains his exercises, an-
swers, results of the automatic assessment and a log of all actions. Similarly, different
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course instances reside in their own directories.

3.4.4 Exorciser

EXORCISER is an interactive learning environment for teaching the basics of theoretical
computer science, created at the Swiss Federal Institute of Technology [45]. The focus of
the system is on making it possible for the student to receive a large amount of fine-grained
feedback.

In EXORCISER, the student can specify how much help he wants the system to give, and
select the difficulty of the exercises. The system is used and exercises solved through a
graphical user interface. Exercises are solved by graphical manipulation of the required
entities, which may be automata, strings, etc. The system can, depending on the level on
feedback selected, either notify the student each time he makes a mistake, give feedback
only when the student thinks he has solved the exercise, or upon request. The student can
change this level of feedback whenever he likes. The student can also ask for assessment
whenever he likes, and may continue to solve the exercise or start anew after viewing the
feedback given by the system.

Assessment in EXORCISER is mostly formative and designed to help the student correct
problems in his solutions. It does not assign points to the solutions, like many other auto-
matic assessment systems do. Assessment in EXORCISER is based on the idea of solution
space, which contains all the solutions of a single exercise, including the numerous in-
correct ones. For each exercise there is a grading mechanism that tries to catch all errors
occurring in a submission. Each error caught raises a condition, which can then be used in
the creation of feedback. The exact assessment method is different for each exercise in the
system. The system has “grading language”, which uses a number of if· · ·then rules to spec-
ify the feedback. The conditions used by the grading language are raised by the assessment
mechanism.

Since the EXORCISER system is not used for summative feedback and student grading, there
is no need for the instructor to monitor the course progress or see student submissions.
Instead, the instructor needs to group the exercises in the system into a set that can be used
as a part of the course, typically by tying them to a certain lecture or a set of lectures.
The exercises are implemented in Java and can be configured using XML configuration
files. The configuration of the exercises includes writing the feedback generation schemes
and grouping exercises into larger groups, called exercise chains. In an exercise chain, the
student is given a new exercise based on his performance in the previous one. For example,
if it is clear that the student has not yet grasped how to solve the exercise, he is given a new
instance of the same problem. Otherwise, the student is given a new exercise, which may
be selected from a number of options based on the student’s past performance.
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3.5 Text Answers

Text answers category according to Carter et al. includes both short text answers, where
the student is required to fill in blank spaces in text, and longer essays. The automatic as-
sessment of textual answers is a very complex problem that has been studied for decades.
(According to Williams [50] there was research on the subject as early as in middle six-
ties [32].)

Even simple typographical errors, for example, can be a challenge to automatic systems.
Furthermore, assessing natural languages introduces a lot of challenges that are much more
difficult than simple typographical erros. Even if the student is required just to fill in single
words in the the text, things like different dialects (in the English language, for example,
many words are written differently in British English and American English), synonyms,
etc. make the analysis of the answers complicated. Essays, where the text to be assessed
may be hundreds of words long, again introduces new challenges and is a topic of much
active research [7, 19]. However, the automatic assessment of natural languages is a very
wide topic and therefore detailed consideration of textual answers is out of the scope of this
work.

3.6 Peer Assessment

In peer assessment, the student’s submission is given to his peers for assessment, and the
feedback is given back to the student. With large class sizes, this task would take a lot of
time if done manually. Therefore automated systems have been developed, and this feature
is included in many course management systems. However, peer assessment is not AA,
since the assessment is not done by a computer. Therefore this category is out of the scope
of this work and will not be discussed further.

3.7 Conclusion

There are numerous automatic assessment systems that are capable of evaluating exercises
in very different fields. The systems vary from single-purpose tools like Style++, to com-
mercial systems like CourseMaster that support several kinds of automatic assessment.

The functionality offered by the different systems vary, depending on the purpose of the
system and the choices made by the developers. Unfortunately, most of the literature con-
cerning automatic assessment systems describe the teacher’s functionality only briefly, or
not at all. In the following, I will list some of the functionality found in the systems. If
possible, I will try to include functionality that the systems are explicitly stated to include.
However, if it is obvious from the description of the system that it includes some function-
ality, it is also mentioned here.

Creation and modification of courses and exercises. On some systems the instructors
can create or modify courses. This allows the instructors to adapt to situations where the
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course does not go as planned by e.g. modifying the deadlines. Alternatives to creation and
xmodification through instructor UI are separate administrator UI, or the use of configura-
tion files to represent courses. Some way of creating and modifying courses is present in
all systems where exercises can be grouped into courses.

Configuring the assessment. In some systems, the assessment procedure can be config-
ured, and in some systems this configuration may be modified through the instructor UI.
Many systems, however, use only configuration files and do not include a feature to change
the configuration through instructor UI. Assessment configuration through an UI is avail-
able in Exorciser. Also, in Ceilidh, Scheme-robo and Style++, it is possible to configure
assessment through configuration files.

Viewing a student’s answer. With this functionality the instructor may call up a list of
a single student’s answers and view them in more detail. Depending on the system, the
instructor may also be able to access the model answer to the exercise, feedback given to
the student, or the list of errors the student’s answer includes. If students can submit their
exercises multiple times, the system typically shows all submissions. This functionality is
included in ASSYST, Ceilidh, Scheme-robo, TRAKLA and Stratum.

Modifying assessment results and feedback. Some systems allow the instructor to modify
the results of automatic assessment, or write their own notes to the feedback before it is sent
to the student. Modifying the assessment can also be done after the results have been sent to
the student if, for example, the student and instructor agree that assessment has been unfair.
Modifications to the feedback typically must be done before it is sent, and this feature is
more often implemented in systems where the assessment is computer assisted, or where the
automatic system assesses only some aspects of the answer. This functionality is included
in ASSYST and Ceilidh.

Viewing student list and course results. With this functionality, the instructor can call up
a list of students registered to the course. Some systems are capable of showing only the list
of all students on the course, while others may filter the list in order to see e.g. only those
students who are in a certain exercise group. The list may show only the student’s identities,
or can include for example a summary of their current status on the course. The summary
can show exercises returned or assessed, current points or grade, etc. This functionality
is included in ASSYST, Ceilidh, Scheme-robo, Stratum and TRAKLA. Älypää includes
similar ability to see the players’ results.

Results maintenance. In automatic systems most of the students’ answers are never viewed
by a human instructor. Therefore the systems typically are capable of various results main-
tenance tasks beyond automatic assessment, such as checking that all answers have been
sent before deadline. Perhaps the most often mentioned such task is running plagiarism
checks, which are included in several systems. Running the check is, however, a heavy
process that drains a lot of the system resources. Therefore, in many systems, plagiarism
checks need to be initiated manually. Some functionality for results maintenance is in-
cluded in TRAKLA, Assyst, Ceilidh and Scheme-robo. Ceilidh and Scheme-robo include
also plagiarism checking. In TRAKLA and Stratum plagiarism checking was not needed,
since each student is given a unique problem instance.
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Generating statistics and reports. Often an automated system is capable of generating
some kind of statistics or reports. The most common report gives the results of all the stu-
dents on the course and is typically used to compile course results to final grades. Other
possible reports can be as simple as log files on system use, or as sophisticated as com-
paring the results of several courses. Statistics are available in Scheme-robo, Stratum and
TRAKLA.

Viewing student lists, and students’ answers, modifying assessment and feedback, results
maintenance, and generating statistics are useful for course and system management, while
creating courses and modifying the assessment are more needed for system configuration.
If the system is used for summative assessment, it usually includes at least some course
management functionality. Systems like Exorciser, which are used for formative assessment
and self-learning do not require these functions and may instead include more sophisticated
facilities for course configuration.

3.7.1 Instructor’s User Interfaces

The sophistication of the instructor’s user interface can vary a lot. The UI may be a simple
command line interface, a dedicated text-based user interface or a graphical one. Also,
it may be a superset of the student UI, or have a completely different set of functions.
The UI can include course management functions, be purely aimed for system and course
configuration, or include functionality required for both. It is also possible to construct a
system where the instructor needs no UI, as proven by Style++.

Most of the reviewed systems are designed to be used to assess exercises that will affect
the final course grade. Thus, the systems must be capable of summative assessment and
need to store student’s results. Typically such systems also include some additional course
management functionality, like checking current course results, or viewing students’ an-
swers. In systems designed for self-study (i.e. Exorciser) or systems that can be included
in a separate course management system (i.e. Style++), such functionality is not present.

UIs can also be divided into graphical and text-based interfaces. In the surveyed systems,
Ceilidh, Scheme-robo, Stratum and TRAKLA have text-based instructor’s interfaces while
Älypää, ASSYST and Exorciser have graphical UI’s. Style++ has no instructor’s user inter-
face. From this very limited selection of systems, it seems that both text-based and graphical
UIs are common in automatic assessment systems. Also, it is possible that the different user
groups have different user interfaces. In TRAKLA and Stratum, for example, students have
a graphical web-based UI while instructor access it through Unix command line.



Chapter 4

Interviews

In addition to research on other automatic assessment systems, a number of experts were
interviewed on the subject of teacher’s point of view to automatic assessment. There are
two main reasons why these interviews were conducted. First, the amount of information
on the instructor’s user interface in the literature was limited. Second, the literature seldom
describes the practical side of administering an automatic assessment system.

Most of the material for the related work section was gathered through literature research.
However, most automatic assessment papers give much more space to describing the as-
sessment features and the student’s point of view, than telling how the instructor interacts
with the system. Therefore, the decription of instructor’s interface is typically very com-
pact and contains only the description of those features that the authors think are the most
interesting in a scientific publication. These features may, in fact, not be those that are most
commonly required in practice. For example, the functionality for searching for students,
which is very important on large courses, is not mentioned in the literature. Perhaps it is
considered too obvious or trivial and therefore not included in system descriptions.

In interviews, it was possible to concentrate on the practical use of automatic assessment
on courses, and try to find out the exact features and functionality which instructors think to
be most important in their daily work. The interviews were patterned after the standardized
open-ended interviews in Patton’s classification, as described on page 181 of [18]. This
means that all interviews were conducted similarly, and each interviewee was asked the
exact same questions. A total of 10 questions were asked in each interview. The questions
are as follows:

1. What automatic assessment systems have you used?

2. Did the systems have other instructors of the same course using them?

3. What functionality of automatic assessment systems have you used in your work?

4. Was there some functionality missing from the systems you used?

5. Which functionality were the most important in your opinion?

26
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6. Which functionality were the least important in your opinion?

7. What problems did you encounter while using the system?

8. Are you aware of other automatic assessment systems?

9. Which if the following functionality are most important in your opinion?

10. Is the list of functionality comprehensive?

For the last two questions the interviewer showed the list of functionality described in Sec-
tion 3.7. The lists contains the following categories:

• Creation and modification of courses

• Configuring the assessment

• Viewing a student’s answer

• Modifying assessment results and feedback

• Viewing student list and course results

• Results maintenance

• Generating statistics and reports

In the context of this work, the third, fourth, fifth, and sixth questions were the most im-
portant, as they were about the functionality of the systems the interviewees used in their
work. In addition to the questions listed above, the interviewer also asked some additional
questions when he felt it was required for example, to clarify something the interviewee
said.

The conducted interviews differ from the standardized interviews in two ways. First, the
wording of the questions was not exactly the same in each occasion. Second, while most of
the interviews were conducted in person, a few were done over the phone. The first differ-
ence was due to the inexperience of the interviewer, who was not able to keep the wording
constant in all interviews. The second difference was due to practical considerations as the
interviewer did not have the resources to do all the interviews in person.

These inconsistencies in conducting the interviews are, however, minor, and do not invali-
date the results. The main purpose of the interviews was to find out what kind of functional-
ity instructors have used in their work, what functionality they consider important, and what
functionality have they found the systems lacking. The exact wording of the questions or
the medium through which the interviews were conducted are unlikely to alter these results.
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4.1 Interviewees

A total of 12 people were interviewed for this research. The interviewees were all either
instructors using automatic assessment, or developers of automatic assessment systems.
Several people had developed the system used on their own course. All the interviewees
worked on the field of computer science. Six interviewees were members of the Laboratory
of Information Processing Science at Helsinki University of Technology (TKK). The rest
worked at different TKK laboratories, or at other Finnish universities.

The selection of interviewees brings at least two different bias to the results. First, all the
interviewees were computer science professionals working as teachers in Finnish universi-
ties. This bias does not distort the results, as the aim of the study is to find features required
by computer science teachers. Second, half of the interviewees are from the Laboratory
of Information Processing Science at Helsinki University of Technology. The people from
the same laboratory are more likely to have similar functionality lists than people from dif-
ferent institutions. Each laboratory has its own culture and traditions how to teach, which
will inevitably reflect in the way automatic assessment is used in teaching, and therefore af-
fect the functionality considered important by the instructors. Also, the people in the same
laboratory are more likely to use the same automatic assessment systems.

In qualitative analysis of the interview results, where we are more interested in the number
of the different answers given, the TKK bias is less important than in quantitative analysis,
where the interest is in seeing how many times each answer was given.

4.2 Conducting and Analysing the Interviews

Most of the interviews were conducted personally, with the interviewer and interviewee sit-
ting in the same room. Most of the people from the Laboratory of Information Processing
Science were interviewed in the interviewer’s study, while interviews of the personnel in
other TKK laboratories were done in the interviewee’s study. Interviewees who lived out-
side the Helsinki Metropolitan Area were interviewed by phone, since the interviewer did
not have resources to travel to make the interviews in person.

The in-person interviews were recorded using a laptop computer and a microphone, and
stored in the mp3 format. The interviewer also made notes during the interviews. The
telephone interviews were not recorded due to technical difficulties. During the phone
interviews, the interviewer made notes, which were expanded after the interview in order to
preserve the interviewee’s original meaning as faithfully as possible.

The interviews were analysed from the notes made by the interviewer, and from the record-
ing of the interviews, when available. In the analysis the goal was to find all the functionality
the interviewee used in his work and the functionality he had wanted, but did not have.

The interviews were first analysed by noting each functionality mentioned by the inter-
viewees. Instances where different interviewees mentioned the same functionality were
marked, and a list of different functionalities was made. The functionalities in this list were
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Table 4.1: Interview Results
Functionality

Examination and modification of assessment results
Viewing a student’s answer
Viewing the results of automatic assessment
Viewing the model answer
Giving and adjusting points manually
Manually starting automatic assessment
Searching
Searching for a student
Searching for a specific answer to an exercise
System maintenance
Adding students to the system
Controlling user access
Adding and modifying exercises
Adding and modifying courses
Adding and modifying exercise rounds
Modifying and configuring the assessment procedures
Result viewing
Viewing the course results list
Viewing the results of a single student
Exporting the course results
Exporting the answers
statistics
Logs
Statistics

then combined into larger categories by the author, where functionalities that were closely
related (i.e. viewing a single student’s answer and the results of the assessment of the same
answer) were put into the same category.

4.3 Results

The results of the interviews are summarized in Table 4.1. The functionalities are grouped
into categories, which are shown with boldface in the table. The number of times each
functionality was mentioned and the relative importance given to each functionality by the
interviewees was also recorded. However, these results are not shown in the table because
of the bias caused by the selection of the interviewees. In addition, many interviewees
did not mention a specific functionality by name, but indicated that they had used it. For
example, one interviewee mentioned that it was important to be able to modify rounds. He
probably thought that modifying courses was also important, even though he did not say
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this.

A large number of different functionality was mentioned in the interviews, and the features
ranged from very specific, like being able to give a single student more submissions, to the
very broad, like having a better user interface. In analysing the interviews, the functional-
ities were grouped into five loose categories. The categories are roughly equivalent to the
functionality discovered in related work and described in Section 3.7.

All of the categories in the Table 4.1 are divided into several different functionalities. The
different functionalities, in turn, may contain several individual actions. The adding and
modifying exercise rounds functionality, for example, includes adding exercise rounds,
opening and closing rounds and changing round attributes.

4.3.1 Examination and Modification of Assessment Results

The category examination and modification of assessment results contains all functionality
that the instructor requires for viewing the students’ answers and the system’s assessment
of each answer. It also includes functionality for manually adjusting the results of the
automatic assessment.

Typically, the functionalities in this category are used when a student has questions about
the assessment of his submission. In order to answer student’s questions, and check the
validity of the assessment procedure, the instructor requires access to the student’s answer,
the results of the the automatic assessment and, if present, the model answer. It should
be noted that in many systems a student can submit several answers to a single exercise,
and therefore the system should enable the instructor to differentiate between the answers
and pick the correct one for analysis.

the instructor can answer the student’s questions by comparing the student’s answer to the
results of the automatic assessment and the model answer to the exercise. If the instructor
finds a fault in the automatic assessment, he must be able to either adjust the points given
to the student, or modify the automatic assessment procedure and restart the assessment
manually.

The functionality in this category was mentioned by several interviewees. A few did not go
into the details, but mentioned a broader category of “handling special cases”, with strong
inclination that functionality mentioned above is required to handle such cases. Also, a
large number of interviewees felt that the functionality in this category is perhaps the most
important and most often used functionality in an automatic assessment system.

4.3.2 Searching

The functionality required for searching a particular piece of data in the system was not
mentioned in the literature. However, many interviewees felt that a search functionality is
very important for their work. Typically, the search function is used to find either a specific
student in the system, or a specific answer to an exercise.
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The searching category was not mentioned in Section 3.7, since the author did not find
references to it in the literature. This is rather surprising, considering how this category
was mentioned in many interviews. Several interviewees also pointed out that it must be
possible to use several different search keys. For example, when searching for a single
student, it should be possible to search using the student’s name, the student number, user
name, and email address, since students often fail to mention their student number or user
name. These are typically used as the main key for identifying students.

4.3.3 System maintenance

The system maintenance category includes all functionality that the instructor needs to mod-
ify the data in the system, with one exception. The manual adjustment of points is included
in the examination and modification of assessment results category, since it is so closely
related to other functionality in that category.

The system maintenance category contains functionality used to add users, exercises and
courses to the system, as well as configuring how the system works. Much of the function-
ality included here is used for general course management and is not specific to automatic
assessment systems. However, most automatic assessment systems require this functional-
ity, since they contain abstractions for courses and exercises in the course.

The functionalities in system maintenance category are used to maintain three logically
separate types of data: user data, course data and assessment configuration. Therefore the
category could be divided into subcategories, but that was considered to be uncessary in
this case. The system maintenance category contains so few different functionalities that
dividing them into smaller categories would not improve the clarity of the analysis.

The maintenance of user data includes two functions: adding users and controlling user
access. In many interviews it was mentioned that students could not register to the system
themselves, but had to be added by the instructors. This caused additional work, and a few
instructors stated that they wanted a system where the students were able to register without
instructor assistance. It should be noted that the interviewees discussed only students, and
did not mention anything about other user groups. Furthermore, access control functionality
was mentioned only in one interview. The interviewee stated that since students, assistants
and instructors all use the automatic assessment system, it is important to be able to manage
the access level of the users. It seems, however, that access control is not considered a very
important feature by most instructors.

Maintenance of course and exercise data contains a lot of functionality, and was considered
by many interviewees as one of the most important aspects of the system. Indeed, in a
system where a student solves exercises on a certain course, the functionality for adding,
removing and modifying exercises and courses must be present. Also, since courses are
often divided into a number of rounds, rounds must also be present in the system. Some
interviewees mentioned the specific aspects of courses, rounds or exercises they had to
modify. These aspects included modifying the deadline of an exercise or round, modifying
the exercise description, adding additional information to exercise descriptions (i.e. links
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to third-party material), selecting exercises from an exercise pool, generating personalized
input for exercises and generating new exercise instances.

Some interviewees, however, did not consider course or exercise maintenance to be im-
portant. One person described course creation as task that is done once per course, and
therefore less important than, for example, having access to student answers. The implica-
tion was that accessing student answers has to be easier than course maintenance.

In contrast to maintenance of user or course data, modifying and configuring automatic
assessment often gets a lot of attention in the literature, since it is closely related to how
the system performs automatic assessment. To give an example, the configuration of the
automatic assessment is extensively discussed in [16].

In the interviews, several other functionalities related to system maintenance were also
mentioned. These functionalities were typically mentioned only by one interviewee, and
the author did not think them important enought to be included in Table 4.1. These miscal-
lenous maintenance functionality included, for example, the ability to add notifications to
the system (for students to view) and modifying the number of times a single student may
submit a certain exercise.

4.3.4 Result viewing

All the interviewees used automatic assessment systems for summative evaluation. In such
systems, the instructor needs to see how the students performed on the course in order to
decide the final grades. The most common way to accomplish this is to have the system to
compile a list of course results, where the results of all students are shown. Rather surpris-
ingly, this functionality was seldom mentioned in the interviews, although it is included in
most systems. It seems that the majority of the interviewees thought it self-evident that the
system could produce a result list.

The results of the automatic assessment system are often combined with the results of other
parts of a course (i.e. the examination). It is therefore important to be able to export the
results in a format that other systems can use. One possibility is using tabulator-separated
text files, which can be manipulated using scripting languages, and are understood by many
spreadsheet programs.

In some cases the instructor may, instead of a list of all results, wish to view the results of
a single student. This can be, for example, in order to decide whether a student is given
permission to take the course exam in a special situation. In addition, the instructor may
wish to export the students’ answers. He can, for example, use a separate plagiarism
checking software and needs to import the answers to it.

4.3.5 Statistics

A majority of the people interviewed in this study mentioned that the system they used could
generate statistics. Nobody thought this to be especially important functionality and two
interviewees mentioned it as a non-important aspect of the system. Also, one interviewee
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did not mention statistics directly, but implicated that the system he used generated them.

There are two different types of statistics that systems often generate: operation logs, which
record the operations done by the system as they are done, and statistics, which are calcu-
lated from the data available in the system.

4.3.6 Results Beyond Functionality

The most important aspect of the interviews was to find out the functionality used by the
interviewees. However, the definition of what is a functionality was left open, and the
interviewer encouraged a broad perspective. This was done to gain more insight on the
subject matter. The interviewees mentioned several aspects of the systems that did not fall
under functionality, in the opinion of the author. Many of the insights gained are, however,
relevant to this work.

Perhaps the most important insight from the interviews was that several interviewees either
mentioned that the instructor’s user interface was lacking, or explicitly wished for a better
UI. Some technical considerations also emerged. Several systems either did not support
parallelism, or the support was not very well implemented. One interviewee also mentioned
the importance of backups and storage of old data.

Also, a few interviewees wished to develop more general course management systems,
where the same system that handled automatically assessed exercises would also have sup-
port for larger project exercises, group work and semi-automatic or manual assessment of
exercises.

Another technical problem mentioned occasionally was security, both privacy and data in-
tegrity. It seems, however, that most instructors do not consider security to be a large
problem.



Chapter 5

The TRAKLA2 System

TRAKLA2 [26] is an automatic assessment system designed for visual algorithm simula-
tion exercises. The system has been developed at Helsinki University of Technology and
a production version was first used on spring 2004. The system is the successor of the
TRAKLA system [15] that was used at the university between 1991 and 2003. The differ-
ent versions of TRAKLA and and TRAKLA2 as well as their main differences can be seen
in Figure 5.1

TRAKLA2TRAKLA

− student access vial email
− instructor access vial shell
− exercise descriptions use text
− answers returned as text
− model answers in text

− instructor access via WWW and shell
− exercise descriptions use text and pictures
− answers using visual manipulation
− model answers use animations

WWW−TRAKLA

− exercise descriptions use text and pictures
− answers in text or using visual manipulation
− model answers in text

− student access via email and WWW
− instructor access via shell

− student access via WWW

− programmed in C − programmed in C and Java − programmed in Java

Figure 5.1: Versions of the TRAKLA system.

In Figure 5.1, TRAKLA is the first version of the system. Students interacted with it through
email, and solved the exercises using pen and paper. Submissions were sent to the system
using a pre-defined mail format and assessment results were sent back the same way. The
first major revision to the system was when the web-based WWW-TRAKLA [20] user
interface was added for the students. In WWW-TRAKLA the students solved the exercises
by manipulating visualizations, and submitted them through the web. The exercises and
the server-side functionality remained almost identical to the original version, however.
TRAKLA2, the current version of the system, is a complete reimplementation of the whole
concept.

TRAKLA2 consists of an applet for solving and submitting the exercises, and a dynamic
web environment for serving the applets to the users. The new system allows for more
exercise types than TRAKLA, has a better way of assessing student answers, and includes
several other improvements. The system is implemented in Java, and therefore platform
independent. Exception to this is the database, which is implemented in C. The system

34
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also includes a completely new web interface that contains both functionality for solving
exercises and functionality for monitoring own progress and current situation.

While the first version of the student’s user interface was completed early in the year 2004,
the system lacked any sort of instructor’s user interface. The only way for instructors to
access the system was to manipulate the SQL database by hand. Therefore, there was a
definite need for a new instructor’s user inteface for most common tasks.

The emphasis on the development of the instructor’s interface was placed on monitoring
students’ progress and maintaining the system during a course. Creation of new courses
and adding new exercises, which are typically done only once per course, were left for later
development.

5.1 Overview

TRAKLA2 is meant for distributing and assessing exercises. The dynamic part of an exer-
cise – which the student manipulates in order to create an answer – is implemented as a Java
applet. The applet must be embedded to a web page which contains the static part of the
exercise, mainly the exercise description. The web page can be a normal static webpage,
but in order to use the system on a course, a learning environment centered on the exercises
has been implemented [26]. From now on I will refer to the whole learning environment
when using the term TRAKLA2.

There are three user groups in TRAKLA2: students, instructors and administrators. Cur-
rently students and instructors use the system through a web-based user interface. The two
groups’ user interfaces share the same look and feel, but have a completely different func-
tionality. Administrators do not have a dedicated user interface and they use the student and
instructor’s interfaces as well as other tools as required.

A central concept for TRAKLA2 are the courses that are in the system. A course in
TRAKLA2 consists of one or more exercises typically grouped together into rounds. Each
exercise has a maximum number of points that can be gained from it, and optionally a
maximum number of times it can be submitted. Each round has a deadline and optionally
a minimum number of points that a student must gain from the round. The course can
also have its own minimum points, which need not be the same as the sum of the round
minimums.

5.1.1 Student’s User Interface

The student’s user interface has been designed to allow for two different use cases. The
students can solve exercises and they can review their results.

For the first use case, the student must be able to select the exercise he wants to solve.
There must also be a mechanism he can use to submit the answer. Finally, the system must
show feedback and results of the submission to the student. In TRAKLA2 the exercises are
solved and submitted using a Java applet.
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For the second use case, the system must show the student an overview of the current results
and the number of points gained from each exercise. The point total and grade must also be
shown.

The two use cases are satisfied by two views in student’s user interface: the exercise view
allows the student to solve exercises and main view shows a summary of the student’s
results. The main view can also be used to select the exercise to be solved.

In order to use the system, the student must log in by supplying a valid user name and
password. Currently, at Helsinki University of Technology, the student’s unique student
number is used as user name. Other institutions using the TRAKLA2 system can have their
own rules for user names. The student chooses the password when he logs into the system
for the first time. The password can later be changed.

After login, the student is shown the main view of the system where he sees an overview
of the course and his results. From the main view, the student can choose an exercise to be
solved. The exercise is shown in the exercise view. If the student is registered to several
courses, he can also change the course shown in the main view. The main view is shown in
Figure 5.2.

Figure 5.2: Main view of the student’s user interface.
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The courses in TRAKLA2 are divided into rounds, where each round contains one or more
exercises. The main view of the system shows the status of each exercise and each round
for the currectly selected course. The information for a single exercise includes the state
of the exercise, maximum points gained and information on whether the deadline for the
exercise has passed. There are three possible states for each exercise: not started, started
and finished. An exercise is in the state not started if the student has not yet submitted it.
The state started means that the student has submitted the exercise at least once, but has
not gained the maximum points for it. State finished means the student has submitted the
exercise and received the maximum possible points. It is possible to submit an exercise that
is in state finished. This won’t affect the score, since the system selects the submission with
the highest score for each exercise.

From the main view, the student can also select an exercise, which will lead to the exercise
view. The exercise view gives a verbal description of the task the student must solve and
shows the Java applet for the exercise. There may also be a link to a separate hint page or
some third-party pages on the topic at hand. There are also links back to the main page, as
well as the previous and next exercise, if applicable.

In addition to the two important views, the system includes a view where the student can
change his user information (except the user name), a form which can be used to send
feedback to the administrators, a help page, and a page that contains links to third-party
material.

To summarize, there are two important views in the student’s user interface: the main view
and the exercise view. These implement the two important use cases required from the
system: solving exercises and reviewing results.

5.2 Instructor’s User Interface Design

From the instructor’s user interface the instructor can view the progress of a course and
handle the most common special cases that take place during the progress of a course. The
instructor’s user interface is aimed at computer science teachers who use TRAKLA2 on
their course. Currently, tasks related to the creation of a course are not implemented in the
instructor’s user interface. Only administrators can create courses in the system.

5.2.1 Design Principles

There are several important considerations that were taken into account in the design of the
instructor’s user interface. First, and the most important from the point of view of the end
user, is simplicity and intuitivity of the user interface. The view shown to the user upon
entering the system must be compact enough to fit into the screen of a normal web browser
and the most commonly used functionality must be easily available in the first view.

The three most commonly used functions in the instructor UI are 1) finding a single stu-
dent’s results, 2) generating a result list of all students on the course and 3) accessing
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statistics on the progress of the course. These correspond roughly to viewing a student’s
answer, viewing student list and generating statistics functionality introduced in Sec-
tion 3.7. The interview results in Section 4.3 also include all of the three abovementioned
functions. All three of the functions must be available straight from the first view the in-
structor gets when logging into the system. Other views, such as seeing a specific type of
statistics (i.e. the amount of answers during the last 24 hours) or viewing a specific student’s
submission can be implemented in views that are reachable from the main view through one
or more links.

The system holds a very large amount of data that can be used to generate different statistics
for the instructor. Some of this data, like grade or point distributions, can be viewed either
using graphics or as text. In most cases, however, graphics are easier for humans to grasp
and should be used in places where exact values are not vitally important. Therefore most
statistics should be shown using graphics as default and text, if available, optionally. The
file format for the graphics must be understood by most web browsers.

Another important aspect is data security. Through the instructor UI it is possible to view
the results and submissions of all students, as well as change data, including student re-
sults. Therefore it is important that only authenticated users – instructors of the course –
can access the information. If students could use the instructor’s interface and give them-
selves points, the whole point of the system would be undermined. Therefore access to the
instructor’s user interface must be protected using user names and password and the com-
munication between TRAKLA2 and the instructor’s client interface (web browser) must be
encrypted to prevent third parties from gaining access to the system.

In order to make the system available on as many web browsers as possible and to avoid
security holes and other pitfalls of having a lot of functionality in the client program, the
system will use minimal amount of JavaScript and other client-side scripting languages.
Since most web browsers still have differences in how they interprent scripting languages,
minimizing the amount of client-side script will make the system more stable and usable on
several different browsers. Multi-browser support is not, however, considered very impor-
tant for the instructor’s user interface. The number of people using the interface is rather
small, at least for now. Therefore there is not much need to make the system run smoothly
on more exotic browsers.

5.2.2 Use Cases for Instructor’s User Interface

The use cases the Instructor’s user interface is designed to fulfill are Viewing and fetching
course results, handling special cases, viewing the results of a student, testing exercises,
and monitoring course progress and statistics. These come from previous experience I have
had with automatic assessment systems, mainly with the old TRAKLA and the TRAKLA2
prototype. In this section the use cases are compared to the functionalities introduced in
Section 3.7, which described the conclusions of the literature research, and the function-
alities described in Section 4.3, which contains the results of the interviews. For each use
case, it is first compared to the results of the literature research and then to interview results.
For clarity the source for the functionality it is compared to is shown parentheses.
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Fetching the course results is roughly equivalent to viewing student list and course results
(literature) and viewing the course results list (interviews). It is perhaps the easiest and
most basic use case. Since TRAKLA2 is used for summative evaluation and is a compulsory
part of the basic data structures and algorithms course at Helsinki University of Technology,
the instructor must be able to fetch the students’ results from the system. The results must
include at least each student’s point total and current grade. Typically the student’s point
total for each round is also included. The final results are, of course, available once the
course is over, but the instructor may also fetch partial results during the course in order to
see how the course progresses.

Handling special cases is roughly equivalent to modifying assessment results and feed-
back (literature) as well as the category examination and modification of assessment
results (interviews). Handling special cases is, however, broader and can include aspects of
system maintenance (interviews). It is another important use case that typically crops up
a few times on every course, and more often on large courses. Handling special cases in-
cludes functions other than merely modifying assessment results. Sometimes the instructor
may have to, for example, modify the number of times a student can submit an exercise, or
change the deadline for an exercise round. However, in TRAKLA2 system it is not possible
to modify the feedback given by the automatic assessment.

Special cases come up when a student is unable to use the system for some reason. For
example, he might have too much other work close to a deadline or he feels that his sub-
mission has been assessed incorrectly. He can then request either a change in the deadline
of some or all exercises, points awarded manually, points corrected for some exercise, or a
combination of the above. The instructor must therefore be able to change every deadline
on the course and award students points manually. Since the system always chooses the
highest score for a single exercise as the score given, there in no need to update already
given scores.

Viewing the results of a student is equivalent to viewing a student’s answer (literature)
and viewing the results of a single student (interviews). It is required when a student
is unhappy with the assessment of an exercise. The instructor must be able to view the
student’s answers in order to see if there has been an error in the automatic assessment or
if the assessment procedure is somehow unfair. This is closely related to handling special
cases. If the instructor cannot see a student’s results, he cannot handle some of the special
cases described.

Testing exercises has no equivalent functionality in the results of the literature research or
the interview results table. Some interviewees did, however, state that they wanted to be
able to see the system from the point of view of the student, or be able to test the exercises.
Testing exercises is an activity where the instructor solves an exercise in the system in order
to see if it works correctly or is useful for the course. It is more closely related to system
development than course administration. In this use case, an instructor may test how an
exercise works and see the fine details that may not be clear in general exercise descriptions.
For example, a list of exercises typically does not tell how duplicates are handled in a binary
tree exercise or what version of B-tree is used in the exercise. This becomes more and more
important as the use of the system spreads and more institutions become interested in it.
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Monitoring course progress and statistics is perhapst the broadest use case. It includes all
views that show the students’ results as well as server activity logs, statistics on exercises
and rounds, and other views showing how the course progressess. The generating statis-
tics and reports functionality (literature) and the statistics category (interviews) typically
implement part of this use case. However, in TRAKLA2 we wish not only to compare
courses with each other but also see detailed information on exercises and rounds. This is
more detailed and broader than statistics or reports available most surveyed systems. Most
surveyed systems provide only list of students and their results. Other statistics information
can be limited or non-existent. In TRAKLA2 the statistics will include details of each round
and exercise (i.e. how many answers have been submitted, average score, etc.) as well as
ability to compare the results of different courses with each other.

5.2.3 Development Process

The development of the TRAKLA2 instructor’s user interface loosely used the rapid pro-
totyping model of software development. The project was started by the construction of a
rapid prototype. This prototype, described in Section 5.5 included an initial guess of the
functionality required for the instructor’s UI. During the construction of the prototype, the
author started background research on related work.

After the prototype was completed, the author started working on the specification and
design of the UI, while still continuing research on related work. After the the background
research was concluded, it was noticed that the amount of information on instructor’s user
interfaces in the literature was rather scarce, and therefore the related work section was to
be complemented with expert interviews. However, even before the conducting the first
interview, the author had started implementing the new interface. Figure 5.3 illustrates the
development process.

Prototype

Implementation

Interviews

Design

Literature review

Specification

Time

Figure 5.3: The development process of the instructor’s user interface.

In Figure 5.3 the x-axis shows the passage of time. The different boxes visualize the dif-
ferent steps of the development process. The size of the boxes does not accurately describe
how long some part of the development progress took, but are designed to show which parts
were done simultaneously. The arrows describe which parts directly affected some other
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part of the progress. The implementation of the new UI is shown in a box that is open
from the right, since the system will be developed further even after the completation of
this particular project.

5.3 Architecture

The TRAKLA2 environment consists of three large parts: the WWW-server, the RMI-
server, and the database. The system also writes several log files. An overview of the
whole system is shown in Figure 5.4. This architecture is shared by student and instructor’s
user interfaces. Normal use of the system is handled through dynamic web pages and the
user navigates the system using a web browser. The pages are created by the WWW-server.
When the user solves an exercise or views a submission, a Java applet is embedded in a web
page. The applet communicates with the RMI-server. The RMI-server, in turn, writes log
files and, when an exercise is submitted, sends the submission data to the WWW-server. The
database is used to store all persistent data, and all database communication goes through
the WWW-server.

RMI−serverWWW−server

browser

Database

applet

XML−RPC

JDBC

http

http
RMI

logs

Figure 5.4: Architecture of the TRAKLA2 learning environment [26].

The WWW-server is the heart of the TRAKLA2 environment. It handles session control,
creates web pages, embeds applets to web pages when appropriate, and stores submissions
and assessment results to the database. In addition, the WWW-server handles all commu-
nication between different modules of the system. For example, when a student submits an
exercise, the submission is received by the RMI-server, which then sends the results of the
assessment to the WWW-server. The WWW-server stores results to the database.

The RMI-server handles communication with the applet. It sends exercise input to the
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applet, receives and stores submissions, and forwards the submission information to the
WWW-server. The RMI-server is in constant communication with the exercise applet, and
stores information on the student’s interaction with the applet. The details of the server-
applet interaction are described in [40] and [41]. Communication between the RMI-server
and the exercise applet is handled using Java RMI, and communication between the RMI-
server and the WWW-server using XML-RPC1.

5.3.1 Tools and Frameworks

The whole TRAKLA2 environment, with the exception of the database, has been imple-
mented in the Java programming language. Several freely available third-party frameworks
and tools were used in the implementation. Aside from the Java programming environ-
ment, the most important third-party programs used are Jetty web server/servlet engine and
Tapestry web application framework. The server also uses the jCharts chart creation pack-
age, log4j logging package, and the Apache implementation of the XML-RPC protocol.
For communication with the database, the PostgreSQL Java interface is used.

Tapestry2 is the tool on which the TRAKLA2 environment has been built. It is a framework
for creating dynamic web applications. The dynamic web content in Tapestry uses the Java
servlet API, and the framework handles many aspects of servlet creation automatically.
For example, construction of link URLs, session control and localization are handled by
the framework and the system developer is free to concentrate on creating the content.
The developers of Tapestry claim that since the system uses standard Java servlet API, it
works over any servlet engine. However, most such engines, like Apache Tomcat, require
a separate web server software where the engine is run. The Jetty web server has a built-in
servlet engine and was therefore selected as the web server used in the implementation of
the TRAKLA2 environment. With Jetty there was no need to use separate web-server and
servlet engine.

jCharts3 was selected for chart creation, since it was known to work with Tapestry. In the
Tapestry benchmark application shipped with the framework, jCharts was used to create a
simple, dynamic pie chart. Similarly, log4j was recommended by the developers of Tapestry
and therefore adopted as the logging utility for TRAKLA2. The Apache implementation of
XML-RPC was used since there was previous good experience with it.

5.3.2 Implementation

The WWW-server implementation can be divided into two more or less independent parts.
The first is dynamic web page and session state implementation and the second data model
and database interface implementation.

The page and session state implementation extensively uses the Tapestry framework in order

1http://www.xmlrpc.com/
2http://jakarta.apache.org/tapestry/
3http://jcharts.sourceforge.net/
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to handle the creation of the required dynamic content, session control, and security. The
data model and database interface, on the other hand, are not dependent on Tapestry.

Web Pages

Typically an instance of Tapestry contains one web application that, in turn, contains one
or more web servlets. A servlet contains, for example, the student’s user interface to
TRAKLA2. If a web application contains several servlets, these can be logically separate,
but will share the same namespace on the server.

For each dynamic web page, Tapestry requires three different files. First is the page tem-
plate, a HTML template file used to create the actual page shown to the user. The second is
the Java implementation that creates the dynamic content to the page when it is rendered.
The third is an optional page specification, which is an XML descriptor file that includes
data on the variables used on the page, and can greatly reduce the amount of required Java
code.

The templates are created using static HTML code combined with dynamic Tapestry com-
ponents. The components are dynamically rendered to HTML when the page is requested
by an user, and data fetched using the Java implementation is used in the creation of the
rendered page. The Tapestry framework includes a number of ready-made components,
including several different types of links, loop structures for rendering variable-length data,
components for creating web forms, etc. It is also possible to create new components that,
for example, render structures used on several pages. When a page is rendered, the Tapestry
engine examines each component on the page and creates HTML code from it, usually by
calling a number of Java methods to retrieve the required data, and creating new HTML
code from it. All dynamic links are also created at this point and hooks to handle the event
of a user clicking on a link are set up.

The Java code for a Tapestry page typically includes a number of get and set methods
that control properties either on the currently viewed web page, or in the HTTP session.
These methods are called by Tapestry framework when encountering a component that
either needs the property, or when an action (such as sending a web form or clicking a
link) modifies it. In many cases, the required methods are very simple: getSomething
method returns a property, and setSomething gives it a new value. Since there may be
a large number of such methods on a single page, Tapestry includes page specification
files that can be used to automatically generate these methods. However, if a get or set
method does something more complicated, like fetching information from database, it must
be implemented manually.

Data Model and Database Interface

The in-memory data model used in TRAKLA2 includes a lot of functionality. For example,
there is no need to store student grades to the database, since the system is capable of
calculating them in runtime. Using the object-oriented model, each student, course, round
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and exercise in the system is represented by an object. For example, a Student object, which
includes the student’s identity (typically student number), the list of courses he is registered
to, and the results for each course, represents a student.

A TRAKLA2 course is represented by a Course object, which includes basic information
of the course, such as name, code, start and end times, as well as a list of rounds on the
course. Each round, in turn, is represented by a Round object, which includes a number
of Exercise objects, each representing one exercise on the round. The Course, Round or
Exercise objects do not hold any information about the students on a course. Instead, each
student’s results for a particular course are stored to the Student object.

The objects representing students, courses, and other data entities in the system are created
by a DataStorage object. The DataStorage class implements the singleton design pattern,
meaning that there is never more than one instance of the object in the system. DataStorage
is the system’s interface to the database. The rest of the system uses DataStorage to store
and retrieve persistent data, and do not see the database directly.

The database is deliberately designed to hold only raw data, which is processed by TRAKLA2
in order to create information such as total points for a course, grades, etc. This makes the
database design as simple as possible and ensures that all processed data is always up to
date. This also makes the total size of the database smaller, and simplifies the database
management code.

A PostgreSQL database is used to store the persistent data in the system. Other database
systems, including a couple of object-oriented databases and MySQL were considered in
early stages of TRAKLA2 development. PostgreSQL was considered the best choice be-
cause the tested object-oriented alternatives did not work well with Tapestry, and Post-
greSQL implemented the SQL standard much better than MySQL.

5.4 The Prototype Instructor User Interface

Before the instructor’s user interface was implemented, a prototype was constructed. The
purpose of the prototype was to gather opinions on what is really required from the instruc-
tor’s user interface. Therefore the prototype worked as a rapid prototype in the development
of the instructor’s user interface.

The main design principle of the prototype was that there was no need to include any func-
tionality for course management in the system. It was assumed that once a course had been
created there was no need to change anything on it, and the instructor’s interface would be
required only for monitoring how the course progresses. From this came the original name
of the instructor’s user interface “monitor interface”. It should be noted, that this decision
was made before starting the literature study.

The prototype contained only a fraction of the functionality of the final version. Using the
prototype it was possible to fetch course result list, as well as see the results of a single
student, and some statistics on the rounds and exercises. The system had six views: main
view, course results view, student results view, statistics view, course details view, and
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exercise testing view.

In the main view, which was reached after login, the instructor was shown a list of courses
he could access. For each course the instructor could select course results view, statistics
view and course details view.

The course results view and student results view were identical to the corresponding views
of the final version, described in Section 5.5.2. In the course results view the instructor
was presented with a table of results for all students on the course. The instructor could
also select one student and see his results in more detail. In the prototype, however, the
student’s submissions were not shown.

The statistics view and course details view both contained statistics information. Most of the
statistics in the two views were included in the final interface, but the views were combined
and the information rearranged.

5.4.1 User Reaction to the First Version

After the prototype was taken into use, it was rather quickly realised that during a course
there would be occasions when an instructor should be able to modify the contents of a
course. A bit surprisingly, it was the exercise descriptions that most often required mod-
ifications, instead of some course or student specific data items. It was noted, however,
that the instructor’s user interface should also include functionality to change deadlines and
student results.

Moreover, it became clear that the monitor interface was not very useful if the instructor
could only see the results of the assessment (i.e. points awarded) but could not access
the answers. If a student asked about the assessment of an exercise, his answers had to
be retrieved from the file system by hand before they could be reviewed. This is a time-
consuming process and made it difficult to check the student’s answers.

Another large problem was that the system had no search function and therefore it was
rather time-consuming to find a single student’s results. It was especially hard if there were
several parallel courses in the system simultaneously, and the instructor was not sure which
course the student was enrolled to.

Furthermore, it was realised that the views in the interface were rather poorly designed.
Especially the main view of the system was criticized, since it contained no data, and had
no real purpose in the system aside from being a point where different information could
be requested. It was also felt that the statistics and course information views did not serve
any purpose. It was, for example, impossible to go and view an exercise from the course
information view as the link to the exercise test view was available only in the statistics
view. It was suggested that the two views should be merged and the information that was
considered relevant was retained in the new view.

In general, it seemed that the first version was a good starting point for the instructor’s
user interface but lacked the functionality that would have made the system truly useful.
Furthermore, the different views in the system had some useful information and included
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good functionality, but the contents of the different views and the navigation between them
should be rethought. In the new version special emphasis should be in ease of use: the
most common functionality should be easily accessible immediately after logging into the
system.

The most useful feature of the original system was the ability to create course result lists.
These lists were, for example, used in publishing offical course results. Furthermore, to-
gether with the results of the other compulsory parts of the course, the result list was used
to calculate final course grades for the students.

Using the feedback gained from the first version of the instructor’s user interface, sev-
eral modifications were designed and implemented. The user interface described in Sec-
tion 5.5.2 is the result of the redesign.

5.5 Implementation of the Instructor’s User Interface

When the work on the instructor’s user interface (IUI) was started, TRAKLA2 had been
in development for a year. Therefore, the system already had a lot of features that already
existed for the student’s user interface (SUI). A lot of these features were reused in the IUI.

In Tapestry, the two user interfaces to TRAKLA2 are located as separate servlets in same
web application, and they share a lot of functionality in the server side. They share the
same data model and database interface, but use separate web pages. Since the IUI contains
functionality that the students must not be able to access, a lot of attention has been given
to making it impossible to access the instructor’s functionality without a permission. For
example, the web pages created by Tapestry are normally sent to the client browser using
uncrypted HTTP-protocol. The IUI, however, uses the secure HTTPS protocol.

5.5.1 Code Level Details

Since both student and instructor’s user interfaces reside in the same Tapestry web applica-
tion, they share a namespace in Tapestry. The upside of this was that it was easy to reuse
parts of the SUI. The downside was that unless it is explicitly forbidden, the pages of the
IUI could be viewed from the student’s interface.

Web Pages

In a Tapestry application, the web page templates reside in subdirectory context/ and the
page specifications are in subdirectory context/WEB-INF/. Therefore, it is not possible
to separate pages by putting them into different subdirectories. In order to be able to sep-
arate the SUI and IUI templates, the name of each template that belongs to the IUI starts
with “Monitor”. For example the main page of the instructor’s user interface is in the file
context/MonitorMain.html.
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The Java classes corresponding to the web pages were named after the name of the tem-
plate followed by “Page”. Therefore, the java class that handles the dynamic information
to MonitorMain.html was named MonitorMainPage.java. This led to some rather long
names for both web page templates and Java class files, but allowed for easy identification
of all pages and corresponding Java classes.

In the creation of web pages, only very little functionality originally written for the SUI
could be reused. Each web page typically requires different functionality, and the aims of
the student and instructor’s user interfaces were very different. Therefore there was no code
available that could be reused.

In the student’s user interface, there was no need for creating graphics dynamically. How-
ever, when the IUI was designed, it was decided that dynamic graphs for representing course
results and server activity were required. After some consideration, the jCharts package
was selected for this. In order for the jCharts to be used, a new Tapestry service was im-
plemented to serve the charts, and a Tapesty asset was created to encapsulate a single chart.
The implementation for these was heavily based on their implementation in the Tapestry
benchmark application, which included a simple dynamic chart. The JPEG picture format
was used for the charts since it was supported by all common web browsers.

Encryption and Data Security

Tapestry does not directly support encrypted web communication. Therefore, in order to
enable encrypted communication, HTTPS support had to be added to the whole instructor’s
user interface. Fortunately, the student’s user interface also requires HTTPS upon login, in
order to guard the user’s password. The addition of HTTPS support required approximately
20 lines of additional code to the Java class of each Tapestry page that needed encrypted
communication.

The inclusion was handled through object inheritance: the Tapestry framework includes a
class BasePage, which contains all basic functionality required by a Tapestry page. In a
typical Tapestry application, each Java class corresponding to a dynamic web page inherits
BasePage. For HTTPS to work, BasePage was extended and one method was overridden
to create SecurePage, that has all the functionality of BasePage, but forces encrypted com-
munication. All Java classes that handle page functionality in the IUI were made to inherit
SecurePage instead of BasePage.

Data Model

The data model originally created for student’s user interface was good enough to be used
in the instructor’s user interface with some modifications. The original data model was
written to gather one student’s information for all courses, and work with this information.
For the IUI it was more important to work with the information of all students on a particular
course. It was possible to reuse the student’s data model in this: instead of collecting the
information on all courses for the student, the information on a single course was used. The
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information for the whole course was created by combining the students’ information.

In addition, statistical information was also needed in the IUI. This was handled by separate
functionality created specifically for it. The two data models, student data and statistical
data, have some overlap. However, it is easier to keep the data separate, since they are
used rather independently. The student data is used to create result lists and show a single
student’s data upon request, while statistical data is used in course comparison and when
course statistics are viewed.

Since the data had to be ordered in a new way, the DataStorage class, which is used to access
the database, had to be modified quite extensively. In addition to the functionality used to
gather data for a single student, DataStorage now includes functionality for generating result
lists and statistics for whole courses. Since these data had to be arranged differently from
what a single student required, the old data retrieval functionality in DataStorage could not
be used.

Modifications to the Applets and RMI-Server

The RMI-server is used by TRAKLA2 to communicate with the exercise applets and to
relay assessment results to the WWW-server and the database. Originally, the information
relayed by the RMI-server included student, course, round, and exercise identification, as
well as the amount of points awarded. Notably, no information about the submission itself
was passed to the WWW-server. However, in order to make it possible for the instructor to
review the students’ submissions, its details must be forwarded as well. Since the WWW-
server communicates with the database, the answer data must go through it in order to be
stored.

The answers are stored to the filesystem by the RMI-server. It was briefly considered to
change this and make the RMI-server forward the answer data to the database for storage.
However, this idea was discarded for two reasons: first, the XML-RPC protocol used for
communication between the RMI-server and WWW-server does not support transmission
of arbitrary Objects. Second, the current storage system works just fine, so there was no
need to go and change it. Therefore, the RMI-server was modified to send the filename of
each stored answer, with the full path included, to the WWW-server.

Using the data stored to the WWW-server the instructor can use a simple Java applet to
view the students submissions. The viewer applet is very simple: given a file path, it can
request the RMI-server to send it the given file. The applet, in turn, is capable of visualizing
the answer contained in the given file.

5.5.2 User Views In Instructor’s User Interface

The instructor’s user interface has several views and is, in general, more complex than the
student’s user interface. The main view of the IUI serves as a central point of navigation
through which the instructor may access the different functionality. The main view can also
be enhanced by maximizing hidden sections. The different views implement the use cases
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described in section 5.2.2.

Login and First View

As in the SUI, one needs to log in to the system. Users are recognized by user name and
password, both of which can be selected freely. In order to access the IUI, the user must
have instructor access to at least one course in the system.

After login, the instructor is shown the main view. The main view includes functionality for
accessing student results for the whole course, the results list, detailed results for a single
student, details of the course, statistics for rounds, and list of all exercises in the system.
Also, if the instructor has access to more than one course, it is possible to change the active
course. In Figure 5.5, the main view is shown as it is seen when viewed after login. The
upper part of the view shows the name of the course, the course changing and searching
functionality. Under the separator is a number of tabs that can be used to view the details
of the course, the statistics of each round, and the student list. By default, the course details
tab is selected. The contents of the main view change according to the selected tab.

Figure 5.5: Main view of the instructor’s user interface.

Viewing Course Results

The course results are shown in two different views, which both contain essentially the
same information. The difference between the views is in the available functionality. One
view contains tabulator-separated text fields. The result list in this view is therefore easily
exported to other systems (i.e. spreadsheet programs), or manipulated using languages such
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as Python or AWK. The other view is a HTML table from which the instructor may select
a student and view his results in more detail. In both views the result information has a
summary for each student, containg the amount of points he has gained from each round,
point total and the grade awarded. The text list can be viewed by selecting “course results
as text” link from the main view, and the HTML table by selecting the “Students” tab.

The detailed results for a single student can also be found using the search for student
functionality in the main view. If the student is found, the main view is changed to student
results view. This view is shown also when a student is selected from the results list.

Viewing the Results of One Student

The student results view contains the following information: the points the student has
gained for each exercise, point totals for each round, point total for the whole course and
the grade gained. The number of submissions to each exercise is also shown. The student
results view is shown in Figure 5.6.

Figure 5.6: Partial view of one student’s results. First two rounds are shown.

In the student results view, it is possible to select the student’s submissions to a single
exercise and see them in the submission view. In this view, the instructor is first shown
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information on each submission the student has made for the exercise. The points gained,
time of submission and possible notes (telling, for example, that the submission was done
after the deadline) are shown. The instructor can then select a submission to be shown in a
Java applet.

Round Statistics

The statistics tab on the main view lists all the rounds of a course. From this list it is possible
to expand one or more rounds in order to view their details. Figure 5.7 shows the main view
with the details of one round expanded.

The details of a round include round-specific information and details for each exercise. The
round-specific details include the times for opening and closing the round as well as the
makeup factor. The round is available for the students after the opening time has passed
and submissions received after the closing time are handled as late submissions. Points for
such submissions are multiplied by the makeup factor, which is between 0 and 1. If makeup
factor is 0, it is not possible to gain points from late submissions, and if it is 1, the deadline
has no effect on assessment and late submissions are given points normally. The closer to 0
the factor is the more late submissions are penalized.

The maximum points for the round and the minimum points a student needs in order to pass
the round are visible as well. If a student has not gained the minimum points for each round,
he cannot gain pass the course. Finally, the number of submissions for the round (the sum
of submissions for all exercises of the round) and the average number of points gained by
students are also shown.

For each exercise on the round the following information is shown. First is the name of
the exercise, which is also a link to the exercise testing and modification view. Next is the
maximum points for the exercise, followed by the number of submissions allowed. If a
student submits an exercise more times than is allowed, the extra submissions are not taken
into account when selecting the final points for the exercise.

After the number of submissions, there are the available languages for the exercise descrip-
tion. After that comes the total number of submissions for the exercise, followed by the
percentage of students that have submitted it at least once. If all students registered to the
course have submitted the exercise, this number is 100.

Next is the average points for the exercise in two columns. First one is the average of all
submissions, and second the average of all student results. That is, the second is the average
of the maximum points gained by each student for this exercise. These two averages do not
include those students that have not submitted the exercise.

Finally there is the average of student points as a percentage of maximum points, again
in two columns. The first percentage includes only those students that have submitted the
exercise, while the second includes all students on the course. If all students have submitted
the exercise, the two persentages are identical, otherwise the second is lower of the two.
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Figure 5.7: Main view with statistics for a round expanded.

Course Details

The main view contains a “course details” tab. Opening this tab shows the basic details
for the course. The basic details include the code and name of the course. The code is
the University-specific code used to identify the course in that institution; name is self-
explanatory. The number of students registered to the course, the number of answers stu-
dents have submitted, and the opening and closing time for the course are also shown. The
opening time tells when students can start registering to the course. After the course has
been closed, exercises cannot be submitted any more and no new students may register to
the course. When the course details are open, the course grading and server activity can
also be expanded.

The course grading simply shows the point limits for each grade. When the grades are
shown, it is possible to open a view to show details of the point and grade distributions for
the course. The distributions are shown as charts, where the x-axis contains the points (or
grades) and y-axis the amount of students who have gained the given number of points or
the given grade. The charts for a course are shown in Figure 5.8.
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Figure 5.8: Graphs showing the point and grade distribution for a course.

The activity view shows a chart where the number of exercises submitted to the course
during a certain time period is shown. The chart can show the activity either for a single
day, week, month, the whole course, or the overall distribution between hours of a day. The
day view lists the number of submissions for each hour of the day, week view divides each
day to six portions of four hours each, month and course views show each day separately.
The distribution view combines the submissions done during the whole course and shows
the results by hour.

Course Comparison

The course comparison view can be selected from the main wiew. In this view, the instructor
may compare the results of courses, or see the results of one course by selecting only one
item for comparison. The results may be compared either using the points or the grades
gained by the students, and the results can be viewed either as charts or text. The initial
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view before courses are selected for comparison is shown in Figure 5.9.

Figure 5.9: Course comparison view.

The comparison options are the following. First, the instructor needs to select whether the
number of students on the course are handled as absolute or relative values. If absolute val-
ues is selected, the number of students gaining a given result is handled as is. When relative
values are used, the number of students is handled as a persentage of the total amount of
students on the course. By default, relative values are used to make the comparison between
courses with different number of students easier.

Second, the instructor must select whether he compares the points or the grades. For points,
he can select whether the points are handled as absolute values or values relative to the
maximum points for the course. Further, he can select whether point amounts are shown as
cumulative amount or not. For grades, the instructor can select either “long form”, where
number of students gaining each grade is shown separately, or “short form”, where the stu-
dents are grouped into four categories. The first category are those students who failed to
pass the course, the second those who passed the course but did not gain the maximum
grade, third those who gained the maximum grade and fourth those who gained the maxi-
mum grade with maximum points. The short form is included since it can be used to com-
pare courses that have different grade levels and since it is used in previous research [27].
Finally, the instructor can select to view the results either as graphics, in text or both.

Using graphics the results are shown as a line chart for points and a bar chart for grades.
If grades are shown in short form, the points of each course are shown as a stacked bar. In
the long form, normal bar chart is used and in text format each course’s results are listed



CHAPTER 5. THE TRAKLA2 SYSTEM 55

separately.

Exercise Testing and Modification

There are two ways an instructor can enter the exercise testing and modification view. First,
he can click the list of all exercises in the main view and select an exercise from this list.
Second, the maximized statistics for a round include links to all exercises of the round. Both
ways lead to the same view.

In the testing and modification view, the instructor is shown the exercise description in all
supported languages (typically English and Finnish), as well as the Java applet containing
the exercise. From the view, the instructor may modify the descriptions or solve the exercise
himself. The description modification is included since exercise descriptions often contain
mistakes, inconsistencies or simple typographical errors, that can be easily fixed through the
web. Other errors in exercises, however, would require modifications to the code. Therefore
only exercise descriptions can be fixed from the web.



Chapter 6

Evaluation

In this chapter, the TRAKLA2 system is evaluated with the ISO 9126 product quality stan-
dard. The system is also compared to its predecessor, the TRAKLA system. In the evalua-
tion, the instructor’s point of view is given most consideration. Some parts of the evaluation
will, however, touch the student’s point view.

6.1 Experiences on Using TRAKLA2

The TRAKLA2 web environment was used for the first in the spring 2004 on the Data
structures and algorithms course at Helsinki University of Technology. At the same time,
the system was taken into use on the corresponding course at University of Turku. On the
spring 2004 course, only the student’s user interface had been implemented. The instructors
had no dedicated user interface, but had to access the database directly. The implementa-
tion of the instructor’s user interface started in August 2004, and a prototype version was
ready before the spring 2005 course started. Based on the literature study, experiences on
the spring 2005 course and the expert interviews, the instructor’s user interface was imple-
mented on the summer of 2005. The new user interface was taken into use on the beginning
of September 2005. On fall 2005, the TRAKLA2 system is used at Tampere University of
Technology and Helsinki Polytechnic Stadia.

The student response to the system has been very positive. At both Helsinki and Turku
the course staff gave the students a questionnaire where, among other questions, they were
asked to give an opinion on the TRAKLA2 system. The results of the survey at Turku are
reported in [24] and some results of the survey at Helsinki can be found at [26]. No surveys
on the instructor’s user interface have been made. However, the number of people who
have used the instructor’s user interface is much too small that any statistical results could
be gained from a survey.

56
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6.2 Using ISO 9126 To Evaluate Automatic Assessment

ISO 9126 [1] is a product quality standard for software systems that uses six character-
istics to evaluate the quality of a product. Valenti et al. [48] describe how the domain
specific characteristics of the standard, functionality (see Section 6.2.1), usability (see Sec-
tion 6.2.2), and reliability (see Section 6.2.3), can be used to evaluate computer based as-
sessment systems.

For evaluating AA systems, the characteristics must be defined in the context used. In this
case, the context is automatic assessment systems used on large university courses. The
system discussed in this thesis is designed for the evaluation of data structure and algorithm
simulation exercises. The evaluation will be done for this particular purpose by comparing
the new TRAKLA2 system to its predecessor, the TRAKLA system.

In [48] a computer based assessment system is composed of two large subsystems, the test
management system and the test delivery system. Test management system is used to man-
age the questions and tests (question groups, similar to rounds and courses in TRAKLA2)
while test delivery system is used to deliver the tests to students. These are rather similar
to the instructor and student’s user interfaces in TRAKLA2. Therefore, in this work, I will
only consider those criteria that measure the test management system.

6.2.1 Functionality

Functionality is defined as “The capability of the software product to provide functions
which meet stated and implied needs when the software is used under specific conditions”[1].
This characteristic is concerned with what the software does, not when or how, like the other
characteristics. This characteristic tells whether the required functionality is present in the
program. The subcharacteristics of functionality include suitability,interoperability, secu-
rity, and accuracy. The subcharacteristics and the evaluation criteria associated with them
are shown in Table 6.1.

The subcharacteristics suitability and accuracy are closely related. Suitability measures the
software product’s capability to “provide an appropriate set of functions for the specified
tasks and user objectives”. Accuracy measures the software product’s capability to “provide
the right or agreed results or effects with the needed degree of precision”. (Emphasis is
mine, in both quotations) In other words, suitability measures how well the software can do
what it is supposed to do, and accuracy measures how well the results conform to what is
expected.

Interoperability measures a system’s capability to interact with other systems. This includes
the ability to use services provided by other systems, the ability to provide such services, as
well as the capability to export and import data. Security measures the system’s capability
to protect the information and data stored in it from unauthorised access.

Several criteria can be used to evaluate the functionality of assessment systems. Each cri-
terion is linked to one of the subcharacteristics of functionality. Furthermore, the criteria
can be divided to those that concern the management of individual questions and those that
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• Suitability, which is divided into two subcharacteristics.

– Question management, which is concerned with the development and management
of single questions in the system.

∗ Types of questions
∗ Question structure

– Test Management, which is concerned with the development and management of
tests.

∗ Test preparation
∗ Test banks
∗ Test Evaluation Tools
∗ Response Analysis

• Security

• Interoperability

• Accuracy

Table 6.1: Criteria for assessing functionality

concern the management of tests. Tests, in this context, can mean any group of questions
combined to a larger whole. The list of subcharacteristics and criteria is shown in Table 6.1.

Suitability

The evaluation of suitability of an automatic assessment system contains more criteria for
evaluation than the rest of the subcharacteristics put together. In the following, the different
criteria are explained, and the TRAKLA2 system is evaluated using each criterion.

Types of questions measures the kinds of questions the system supports. The more differ-
ent question types the system supports, the better. It is, for example, better if the system
supports both multiple choice and text answers, than if it supported just text answers. It is
also deemed important that the types of questions available can be used to measure the type
right type of knowledge. If the questions cannot be used to measure the subject matter of a
given course, they are useless for the assessment of the course.

The suitable types of questions depend on what the system will be used for. If the system
will be employed in teaching (natural) languages, it must be able to analyse textual answers,
whereas if the topic at hand is computer programming, a system that can assess computer
programs can be more suitable. Of course, a system that analyses text can be used to assess
student’s knowledge of computer programming through essays. However, a system that
“knows” computer programs is more suitable for ensuring the students have the practical
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knowledge required.

Both TRAKLA and TRAKLA2 are designed to provide data structure and algorithm sim-
ulation exercises through the world wide web. This is the only type of exercise that the
old system can automatically assess. Originally, TRAKLA2 had only simulation exercises,
similar to those of the old system. Later, new types of exercises have been added. Currently
the system includes, for example, exercises where the student is required to rank functions
according to their order of growth, and code analysis exercises.

All exercises in TRAKLA2 are administered using Java applets. In the system’s web envi-
ronment, the data structure and algorithm applets could therefore be replaced by applets that
tested some other problem domain. This way it would be possible, at least in theory, to use
the web environment to assess any types of questions. TRAKLA2 has, however, been de-
signed for data structure and algorithm simulation exercises in mind, and no other question
types have been used. Still, TRAKLA2 supports more question types than TRAKLA.

Question structure measures how well the questions in the system match the educational
needs to be assessed. An aspect of this is that the system is should be able to store question
metadata related to, for example, the topic and the cognitive level the question covers, the
question’s author, or its source. Another important aspect is that the system should be
flexible enough to, for example, support different scoring schemes.

Question metadata is not supported in TRAKLA or TRAKLA2. Neither system was de-
signed to include information on the source of questions, the cognitive levels they are aimed
at, or the creator of each question. In both systems the instructor is free to select scoring
from zero to any reasonable limit, as well as give the number of times the exercise can be
submitted. However, in TRAKLA a maximum number of allowed submissions needs to
be given, whereas in TRAKLA2 it is optional. If no limit is given, the system allows for
unlimited number of submissions.

The flexibility of the system can be measured by looking at the question creation process
and dividing the available tasks into two categories: those that must be done, and those
that can be done. Generally, the less one must do in order to create a question, the better
since this makes the creation easier. Also, the more one can do the better since this gives
flexibility.

In TRAKLA, each exercise was implemented completely independently from others, and
there was no common interface or a generalized assessment procedure. TRAKLA2 includes
a generalized assessment procedure common to all exercises, and the underlying framework
includes several tools for constructing new exercises. The TRAKLA2 exercises need to be
able to produce only the data structures required for the student, and a model answer. The
model answer is used by the generalized assessment procedure to evaluate student’s answer.

Test preparation measures the tools available for gathering questions into tests, and the
different test types that can be done with the system. Among the different test types men-
tioned in [48] are, for example, tests with random question selection, and adaptive tests
where next question is selected based on student’s past performance. Also important is the
ability to customize the tests given to different students, in order to discourage plagiarism.
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Related to test preparation, but mentioned as a criterion for the test delivery system, is the
ability to manage how and when tests are showed to students. Typically a test (group of
questions) can be solved only during a given time period. This period can be relatively long
(i.e. a whole semester-long course) or brief (few hours for an examination). A test can also
be restricted to a certain set of computers (for a closed lab session or an examination) or be
freely available through the internet.

Test preparation is quite similar in both systems. A number of questions is combined into a
round, which has a given deadline, and rounds are combined to a course. The same exercise
can be on multiple rounds, and the rounds can have different deadlines. All exercises of
a round come available when the round has opened, and are available until deadline. In
TRAKLA2 it is also possible to return exercises after the deadline has passed, but the stu-
dent can be penalized for doing this. In TRAKLA, late submissions had to be handled by
hand or by using a separate course for make-up exercises.

Both systems automatically give each student a different instance of the exercise, so there
is no need to customise the questions manually. In TRAKLA2, each student can be given a
new instance of the exercise each time he tries to solve it. Both systems support customiza-
tion, where each student is given different instance of the exercise, and in TRAKLA2 is
even possible to give all students the same instance of the exercise.

In TRAKLA, courses are prepared by creating a new directory for the course and copying
a configuration file, which defined the exercises and rounds of the course, to this directory.
The round is then included manually to the web pages. Currently in TRAKLA2, the only
way of creating new courses is by inserting them to the database by hand. There is, however,
no need to manually include the new course on any web pages, as the system generates them
automatomatically. An easier way of creating new courses or modifying existing one will
be implemented in the future.

The Test banks criterion is used to measure how well the different questions can be assem-
bled into test banks. A test bank is a group of questions related to, for example, the same
subject, from which questions for a single test can easily be selected. A bank typically
should be large enough that multiple tests can be easily created from it, and several tests
can share the same bank of questions.

The TRAKLA namespace supported a maximum of 99 exercises. TRAKLA2 supports
arbitrary number of exercises. Neither system has means of automatically selecting some
subset of questions. Typically questions pertaining to the same subject, for example sorting,
are grouped together into a round manually.

Test evaluation tools are tools for evaluating tests both before and after administration.
Before administering a test, the focus is in ensuring that the test to be given is appropriate,
covers the topic, that the questions are accurate and that the test is soundly formatted. Post-
test evaluation is focused on whether the test worked, and whether the questions in the test
were indeed adequate for the task. Post-test evaluation is very closely related to the next
criterion, response analysis.

For pre-test evaluation both systems allow the instructor to do the test himself using the
student’s user interface. Through the student’s interface the instructor can see the questions
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from the student’s point of view and see whether the constructed test is adequate in his
opinion. For post-test evaluation, both systems offer statistics, which are further discussed
below.

Response analysis measures tools for analysing both individual answers and whole tests.
Responses are analyzed by using statistics and must include at least the ability to fetch
the results of each student. Other possibilities are comparison of different exercises, test
performance with means and distribution, lists of different correct and incorrect answers,
etc.

For post-test evaluation the instructor has a number of response analysis tools available for
him. In both TRAKLA and TRAKLA2, the instructor can view the student result list, which
includes scores for each round, the course total and the grade awarded. Both systems also
include statistics on exercises, rounds and the whole course.

In TRAKLA all statistics are gathered into one text file, which is updated at certain inter-
vals. The statistics of the course include the number of students on a course, total number of
answers produced, point distribution, as well as daily and hourly student activity. Statistics
for a round include point distribution. Statistics for an exercise include number of sub-
missions, percentage of students who have tried to solve the exercise, average points and
average percentage compared to the maximum points.

In TRAKLA2 the statistics are divided into several different views the instructor can see.
All statistics of the old system are also included in the new one. In addition, TRAKLA2
calculates some statistics not supported by the old system and shows, for example, the total
number of submissions and the students’ point average for each round. Furthermore, the
system can show student point distribution and grade distribution using graphics, and is
capable of comparing the results of several courses. Neither system has functionality to
calculate statistical distribution, mean or deviation of student results. Overall, TRAKLA2
has more statistical information available.

In conclusion, all suitability aspects of TRAKLA have been carried over to TRAKLA2,
and many have been expanded in the new system. However, the creation of new courses in
TRAKLA2 is not yet as simple as it was in the old system. Also, the systems have similar
tools for evaluating tests both before and after administration.

Security

Security is not divided further in [48]. The most important aspect of security is the ability
to prevent cheating. Both systems include several features for preventing cheating in its
various forms.

Users in TRAKLA2 are always identified with a user name and a password. Authoriza-
tion to view the instructor’s UI can be attained only by manipulating the user data in the
database. Each user can access only his own user account, and only instructors can access
the instructor’s user interface. The user names and passwords are protected using the secure
HTTPS protocol, and security is handled by the web server. TRAKLA2 also logs all actions
where some aspect of a course or student results is modified. Therefore, if someone gained
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unauthorized access to the instructor’s user interface, his actions can later be spotted.

In TRAKLA, the users are identified only with a user name in the student’s user interface. It
is therefore possible to try and solve another user’s exercises. However, during the decade
of use there were no reports of anyone trying to abuse the system. The instructor’s user
interface is available only locally on the server machine. The instructor uses SSH protocol
to log into the server machine and has various scripts and other tools for accessing the
instructor’s user interface. The security is handled by the operating system.

In both systems, each student gets an unique instance of each exercise, making it impossible
for the students to copy the answers from each other. In TRAKLA, the exercises are unique
for each student, but in TRAKLA2 each time a student tries to solve an exercise, he gets a
new instance of it.

TRAKLA system uses CGI-scripts, which are sometimes considered to be a security risk.
However, during the many years of operation, there was no indication that the script (which
was used to create the web page showing an exercise) caused any security problems.

TRAKLA2 uses the Tapestry framework and a separate Java-based server for communicat-
ing with the user. So far, there has been one security hole discovered by a student. Using
the hole it was possible to gain points greater than the maximum from an exercise, and to
substitute one exercise for another. The hole was quickly found and fixed, and no further
problems have been discovered. Both in TRAKLA and TRAKLA2, all student answers are
stored and can later on be checked to see if there are any cheating.

In over a decade of use, there were no serious security issues with the TRAKLA system.
TRAKLA2 has now been used for two years, and there has been only one security problem
with it. Both systems therefore seem to be rather secure.

Interoperability

For interoperability, the ability to use and provide services is deemed to be more important
than exporting or importing data [48]. However, Valenti et al. seem to focus more on
systems that are to be integrated into larger course management systems. In contrast, most
of the systems described in this thesis are designed to be stand-alone.

Neither system has functionality to automatically import data from another system, use
services provided by another system, or provide such services. Both systems are capable
of exporting student results in a tabulator-separated text format, which is understood by a
large number of different programs. There has been discussion on modifying TRAKLA2
to use the centralized user identity service provided by Helsinki University of Technology.
So far no action has been done to implement this.

Accuracy

It should be noted that Valenti et al. do not use accuracy to evaluate assessment systems. For
an automatic assessment system, a possible measure of accuracy would be the output given
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by the assessment process. For summative assessment, the output grade should correlate
with the student’s level of understanding concerning the subject matter. The better the
student knows the topic, the better grades he should get. For formative assessment, the
feedback given should reflect the possible mistakes and the overall level of knowledge the
student has.

6.2.2 Usability

Usability is defined as “The capability of the software product to be understood, learned,
used and attractive to the user when used under specified conditions”[1]. Usability measures
how easy the system is to learn, to use for the purpose it was built for and how “good” the
users will see the software.

The subcharacteristics of usability include understandability, learnability, operability and
attractiveness. Of these, two subcharacteristics, understandability and operability, can be
combined together. For the combined subcharacteristic, the ease of editing can be measured.
For this criterion, the number of features in the exercise editor (i.e. WYSIWYG capability,
clipboard, etc.), the ability to include pictures or symbols, etc. are measured. The amount of
programming knowledge required is also taken as a measure. For learnability, the existence
of tutorial, help and training facilities are cited as important.

The instructor uses the TRAKLA system through the command line. The system has no
dedicated instructor’s user interface, but a number of scripts that can be used to, for example,
compile student results. For tasks that do not have a dedicated script, standard UNIX tools
like cat, grep, and less can be used.

In TRAKLA2, the instructor has a dedicated, graphical user interface available. However,
the current version of the UI does not include all functionality an instructor needs for cre-
ating and managing courses. New courses, for example, have to be created by manually
modifying the database.

TRAKLA2 includes documentation for people who wish to create new exercises to the
system. Neither system has documentation for the use of the instructor’s user interface.

In both systems, the exercise descriptions are stored as HTML code. In TRAKLA, each
description is stored in a different file on the hard disk, and can be edited using a text editor.
In the new system, the descriptions are stored in a database, and can be edited through the
web interface. In both systems, the exercise descriptions can include pictures, figures, and
links to other material. Currently, for all other editing tasks in TRAKLA2, the instructor
needs to possess knowledge of the SQL language and needs access to the TRAKLA2 server
machine.

Attractiveness, which measures the impact the UI design has on the user, is not discussed
in [48]. In the case of an automatic assessment system, attractiveness could be divided into
two categories: attractiveness to instructors and attractiveness to students. The instructors
are the user group who make the decision whether the system is taken into use. It is, how-
ever, students, who are by far the most populous user group in the system. Therefore, the
instructor should consider the system’s attractiveness to students when making the decision
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whether to to take a system into use. Attractiveness of the TRAKLA2 instructor’s user
interface was not measured for this thesis, as it is hard to measure the attractiveness of a
system you have implemented yourself. However, the TRAKLA2 system has been taken
into use in several institutions besides Helsinki University of Technology, and there have
been no major complaints about the user interface. This would indicate that the system is
considered at least somewhat attractive by several instructors.

6.2.3 Reliability

Reliability is defined as “the capability of the software product to maintain a specified level
of performance when used under specified conditions”[1]. It measures the stability of the
software, its ability to withstand software faults (bugs), and recover from fault situations.

Reliability is divided into three important subcharacteristics: maturity, fault tolerance and
recoverability. Valenti et al. do not discuss the subcharacteristics independently. They state
that reliablity is very important, and that special care should be done to ensure that data is
not lost because of a fault. This is deemed to be especially important in examinations and
closed labs.

The three subcharacteristics are very closely linked. Maturity measures the system’s ability
to avoid faults, while fault tolerance is the system’s capability to continue operation in the
case of a fault. Recoverability measures the system’s ability to recover from failures. There
are two types of faults that are specific to an assessment system: faults in the assessment
procedures and faults in exercises.

Faults in assessment procedure introduce systematic errors in all assessment. This, in turn,
can lead to incorrect marking of exercises or bad feedback. Therefore, faults in the as-
sessment procedure must not be tolerated. Faults in single exercise may lead to similar
behaviour in that exercise, and must not be tolerated either. Other faults, like imprecise
exercise description, are also possible.

One of the most important aspects of reliability in automatic assessment systems is the
electronic trail left by the student as he solves an exercise. In a well-designed system,
information about the student’s exercise is stored in several places, and in the case of fault,
the evaluation of the exercise can be restarted from this information.

In the original TRAKLA, the student received his exercises through email, solved them by
hand, and submitted his answers through email. The submission was then assessed and
feedback was sent to the student. In this system, there was a permanent electronic trail
from each operation. The student could save the original email containing the exercise
descriptions, the emails containing his submissions and the feedback messages received
from the system. If the system experienced a fault, the student could easily resubmit his
exercises.

With the introduction of WWW-TRAKLA, the complete electronic trail disappeared. When
the student submitted his answer through WWW-TRAKLA, the answer was sent to the
server, but not immediately stored locally. WWW-TRAKLA sent a copy of the submission
to the student, but if this mail disappeared, the submission could be lost. However, from
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the moment the submission was received and stored at the server, the trail became reli-
able. It should be noted that using WWW-TRAKLA, the student submitted each exercise
separately, while in the email-based system it was possible to submit multiple exercises
simultaneously. Therefore, a fault would lose only one submission.

In TRAKLA2 all exercises are done through web-based applets. The exercise is assessed
and submitted to TRAKLA2 server immediately when the student pushes the submit-button.
The system informs the student whether the submission was successfully stored or not. Un-
fortunately, if the system crashes before the student submits his answer, the student has to
wait, without closing or modifying the applet window, for the system to come back on-line,
or the work is lost. On the other hand, the new system assesses the exercises immediately
after they have been submitted, instead of running the assessment procedure at certain in-
tervals. Therefore if the data is received, the system stores the assessment and the given
result immediately to the database. Furthermore, the student can lose a maximum of one
submission for a server fault, since each applet contains only one exercise.

Systematic faults in the assessment have not been found in either system. However, when
the TRAKLA system was moved from one platform to another in the year 2001, a system-
atic fault was found in the assessment procedure for the quicksort exercise. The fault was
due to an array that had been left uninitialized in the program code. In the old platform the
array had been automatically initialized, but this did not happen on the new platform.

During the development of TRAKLA2, there were several faults found in the exercise de-
scriptions. This was the main reason for adding the functionality for modifying the exercise
descriptions. Also, in one algorithm analysis exercise a systematic fault was found. In this
exercise, one correct solution was missing from the possible solutions. Other AA-system
specific faults have not been discovered.

The TRAKLA2 system is still under development and therefore is not yet completely fault-
free. For example, in the current version of TRAKLA2, if the student uses the reload-button
of his web browser, he can be moved from one page in the dynamic web environment to
another, or be redirected to an error page. This is due to the way the Tapestry framework
creates URLs leading to other pages in the system.

In the case of power failure, TRAKLA automatically comes back up when the computer is
restarted, since system is run by a UNIX cron script. TRAKLA2, in contrast, will need its
own start-up script added to the list of automatically started services, if the instructor wants
TRAKLA2 to automatically restart. Such script is currently being developed but has not
yet been taken into use in the production version.

Currently the old TRAKLA system is still more reliable than TRAKLA2. The new system
is, however, more complicated than the old one, since it includes a dynamic web environ-
ment and a database, and is still under active development.



CHAPTER 6. EVALUATION 66

6.3 Conclusion

The new TRAKLA2 system contains several improvements over its predecessor. It, for
example, allows for more types of exercises, has some additional options when creating new
courses, and contains more types of statistics than the old system. It is, however, still under
development and is not as mature as TRAKLA. There are still several tasks in TRAKLA2
for which there is no user interface, forcing the instructor to manually access and modify
the database. There are also several aspects of the system that could be improved. For
example, the statistics given by TRAKLA2 could include the statistical distribution, mean
or deviation of user results for a course.

The future work on the TRAKLA2 system should include, at least the functionality an
instructor needs to create and manage courses in the system without having to modify the
contents of the database by hand.



Chapter 7

Summary

In this work I have described the instructor’s user interface to the TRAKLA2 automatic as-
sessment system. In the construction of the interface, I have taken into account the solutions
employed in other automatic assessment systems, and the insight I gained by interviewing
experts. In the design of TRAKLA2, I have tried to focus on features that have proven to
be useful in other systems, and features that the instructor clearly requires.

In the related work in Section 3, I discovered a number of important functionalities found
in other systems. These functions are described in Section 3.7. However, since the liter-
ature contained only very brief descriptions of these features, I made a number of expert
interviews, in order to gain more insight on what is needed for automatic assessment sys-
tems. The interviews are described in Section 4. In the design of the TRAKLA2 system,
described in Section 5.2, I have taken into account the results of my study.

In Section 5.2.2, I show that the use cases from my previous experience with automatic
assessment systems are very closely related to the results of the literature study and the
interviews. Therefore it is clear that both the functionality discovered, and the use cases
considered, contain a rather large amount of the functionality that an instructor’s user inter-
face to an automatic assessment system needs.

In Section 5.5, I describe the implementation of the new instructor’s user interface. The
code in the implementation is divided into two groups: code for the web environment and
code for the data model. The data model is independent of the web pages, but the web en-
vironment uses the data model rather extensively. The instructor’s user interface, described
in Section 5.5.2, contains a number of views through which the instructor can access the
available functionality.

I have also evaluated the new system, both in practice by having it used in a Data struc-
tures and algorithms course, and by using the ISO 9126 model for software quality. I have
compared the system to its predecessor, TRAKLA, and found that while TRAKLA2 in-
cludes several improvements it is not yet as mature as the old system, and still lacks some
important functionality.

67
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7.1 Future Work

The TRAKLA2 environment is far from ready yet. As mentioned in Section 6.2.3 the
system still has some bugs that need to be fixed. Also, the lack of functionality for creating
new courses and managing the existing ones effectively needs to be fixed. Only when it is
possible to use the system without having to manually modify the database, can the system
be considered ready to be used in other institutions without constant help and assistance by
the developers.
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