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Abstract

Chalmers is about to change learning management system from PingPong to Canvas.
The department of computer science and engineering are uncertain about the future
of the current lab submission system, FIRE. There are different solutions that lets
Canvas work as a lab submission system. This thesis tries to examine which of the
solutions that will work best.

The result will be in the form of four solution propositions. These solutions propo-
sitions were made by following the Goal-Directed Design Process, stated by Alan
Cooper. In the end a recommended solution proposition is presented which, based
on the information gathered in this study, suit Chalmers’ needs best.
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Sammanfattning

Chalmers kommer byta lärplattform fr̊an PingPong till Canvas. Institutionen för
data- och informationsteknik är osäkra p̊a vad som ska hända med det nuvarnade
labbhanteringssystemet, FIRE. Det finns olika lösningar som l̊ater Canvas användas
som ett labbhanteringssystem. Denna rapport försöker reda ut vilka lösningar som
fungerar bäst.

Resultatet presenteras som fyra lösningsförslag. Dessa lösningsförslag är framtagna
genom att följa Goal-Directed Design Process, definierad av Alan Cooper. I slutet
presenteras ett rekommenderat lösningsförslag som, baserat p̊a informationen fram-
tagen i denna rapport, passar Chalmers behov bäst.
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Terminology

FIRE - Internal system currently in use at the Department of Computer Science
and Engineering at Chalmers. An application that offers functionality for submitting
and grading lab assignments as well as rich functionality in administering teaching
assistants.
LMS - Learning Management System, a system meant to contain all online activi-
ties for a course.
Canvas - An LMS that will be up and running at Chalmers in the near future.
PingPong - The current LMS in use at Chalmers.
LTI - Learning Tools Interoperability. A standard designed to enable plugin soft-
ware to communicate with any LMS that implements it. Thus providing a platform
where plugins can be written that is not coupled to a certain LMS.
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1 Introduction

1.1 Background

Canvas will replace PingPong as the learning management system at Chalmers.
This will introduce changes for all teachers, students and teaching assistants at the
university. This change will also introduce a choice to be made for staff at the
Department of Computer Science and Engineering.

Many faculty members at the department has for a long time been using the FIRE
system to handle submissions in their courses because they have not been comfort-
able with PingPong with its complicated structure: overwhelming teachers when
setting up courses. These professors must now make the decision if they want to
migrate over to Canvas or keep using FIRE.

For the department there are several benefits if people migrate to the new system.
It will reduce the cost for Chalmers when it comes to maintain several separate
systems, present a unified interface to all users as well as offer an improved user
experience by providing all online activities from one system.

The decision to migrate needs to be considered carefully as Canvas might not support
the workflow that is optimal for each teacher and the benefits of using only Canvas
is not apparent at first glance.

1.2 Aim

The aim for this report is to provide a good foundation of knowledge about the
different ways to provide a lab submission system at the department in the future.
This is useful for teachers, future developers as well as the department at Chalmers.

Functionalities requested by the course responsible staff and how to best implement
them will also be examined.

1.3 Literature

The theory of Goal-Directed Design Process (GDDP) will be followed because it is
stated as one of the primarily used processes in the industry. The process is defined
by Alan Cooper and is described in the book About Face. This book will be used
in this project as the primarily theory source for this study.
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A second motivation for choosing this book is to avoid spending too much time
comparing different work methods. It was also a source that had been used in
prior courses as such gained further credibility. The book was also recommended by
teachers at Chalmers.

The process of GDDP is chosen because it claims to lead to user friendly software,
focus on user needs and provides a repeatable process. It is also easy to follow and
is recommended by a lot of sources online [1, 2, 3, 4].

1.4 Problem/Task

The problem is, in general, to find out what an optimal lab submission system would
look like for the Department of Computer Science and Engineering.

� What functionalities are the course staff at the department expecting/requiring?

� What of that functionality already exists in Canvas?

� How would any additionally needed functionality best be integrated in Canvas?

1.5 Scope

The focus of the project is on the administrative part of handling submissions in
mainly programming related courses. This delimitation was given by the stakeholder
and proposer of this study.

Since the focus is on administration, the main user focus is on course responsible
staff. As such, the students were not considered unless it directly related to course
staff goals. The staff of focus is from the Department of Computer Science and
Engineering since that is where FIRE is mostly used.

Implementation details of proposed systems are not part of this study, as focus is
not on implementation. An overview of what is needed to be achieved is given.
An implementation will be made only as a proof of concept where it is shown that
necessary data can be fetched from the Canvas API.

The theory of GDDP suggests testing of the design proposals. These test should
be applied by letting real end users try the designs and these tests were seen as
too heavy to perform and was accomplished with more lightweight design validation
(Key path scenarios, Validation scenarios) [5].

PingPong and its user base has not been studied since the system has seen very
sporadic use at the department and most teachers have no real experience using it.
Furthermore, it is decided that PingPong will be replaced, so it is not considered in
this study.
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1.6 Achieved Results

This thesis is made as a pre-study of how to handle lab submission system on
Chalmers in the future. Therefore the report itself is the main result. The following
is a list of what was achieved and is described in this report.

� Performed a study using the state of the art method within interaction design

� Performed interviews with the course responsible staff at the Department of
Computer Science and Engineering

� Generated a list of required functionality in a lab submission system according
to the interviewed staff

� Created several solution propositions for a future lab submission system at
Chalmers

� Created a tutorial for using Canvas out of the box as a lab submissions system

� Created a complete design concept for a customized extension application for
Canvas

3



2 Theory

This chapter describes the theory that lies at the foundation of the study. First
is a de�nition of user experience, followed by an explanation of interaction design.
Presented subsequently are the Goal-Directed Design Process and a de�nition of proof
of concept. Finally, there is a description of personas. O�ered in all sections are
an explanation or motivation on why the theory exists and its use, along with an
understanding of why this theory is relevant for the study.

2.1 User Experience

User experience is a central notion for interaction design, with several definitions of
different nuances available from a wide range of sources. One of these definitions
says that user experience should be something that meets the exact needs of the
customer while being simple and even enjoyable to use [6].

Another definition, given by the Oxford dictionary, says that user experience should
be something that encompasses the overall experience that a person using a product
has [7].

A third definition says that user experience means how a product behaves and its
usage by people. More precisely that every and any product that is used by someone,
ranging from newspapers to services offered by a company, has a user experience.
In particular, it is also about how people feel about the product, and the pleasure
and satisfaction they gain from using it [8].

So as shown, user experience has lots of different definitions, but most of these only
differ in how abstract they are. Moreover, in this study, the third definition will
be used. It is the one with the right amount of abstraction while at the same time
not being too vague. Also, it is indeed a more well-rounded definition, as it is a
reformulation of the first definition [6, 8].

A further point to make is that one cannot design user experience, only for evoking
a particular user experience. Meaning designers, cannot design for a stimulating
experience. Instead, designers create design features that induce it [8].

Why the user experience notion is so important then, is because it gives a general
concept to keep in mind while designing products. Without it, product development
would spiral into a cluster of ideas with the only motivation of doing them for
the sake of doing them, regardless of whether they are useful or even wanted by
the products’ intended users. More practically, caring about user experience in a
software engineering context means that we produce software that is intended to
attract users with well-defined interactions [5].
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”It is not enough that we build products that function, that are understandable and
usable, we also need to build joy and excitement, pleasure and fun, and yes, beauty
to people’s lives” - Donald Norman [9].

2.2 Interaction Design

Interaction design is a new field when compared to others, such as System Archi-
tecture. In particular, it is a less disciplined field. In brief terms, interaction design
is ”the practice of designing interactive digital products, environments, systems and
services” [5]. Additionally, interaction design is ”designing interactive products to
support the way people communicate and interact in their every day and working
lives.” [8]. At its core, interaction design is a way of reasoning and developing sys-
tem behavior and its design. Interaction design is also not about focusing on the
aesthetic choices made for one’s product, but instead make decisions based on user
understanding and cognitive principles [5].

The main aim of interaction design is to enhance the positive aspects of the user
experience as much as possible while reducing the negative ones. In this context,
the negative elements can include frustration and annoyance, while the positive
aspects include enjoyment and engagement. In more abstract terms, the view of
interaction design is one where it is the fundamental basis for the different fields
that concern themselves with research and design of computer-based systems for
people [8]. Interaction design is as much about the aesthetic choices one makes for
the design, as it is about understanding the users and cognitive principles [5].

The need for a basis such as interaction design stems from the fact that many
products are inefficient from an interactive point of view [5]. This inefficiency follows
from industry practices where developers remain ignorant about the users, choosing
to prioritize system construction over user needs. Interaction design methodologies
are created to reduce these deficiencies in the development process [8].

There are five component activities defined within interaction design. The activities
identified are the following: Understanding, Abstracting, Structuring, Representing,
Detailing [10, 5].

”Interaction Design is not guesswork” - Cooper [5].

2.3 Persona

One of the core concepts used in interaction designs is a type of modeling called
personas. The goal-directed design process (see chapter 2.4) itself puts much em-
phasis on defining personas. It is of importance to provide a suitable definition of
what personas are and why they are used.
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In the most straightforward definition, a persona is a ”fictional, yet realistic, de-
scription of a typical or target user” [11]. The primary purpose of a persona is
memorability, to make team members on a project remember the users for whom
they are building the product. As such, personas should not have too many unnec-
essary details [11].

Personas should also act as an aid, giving a few sets of users to refer to when making
design decisions about the system, instead of trying to make those decisions based
on the potentially extensive data collected about real users. Questions like ”Is this
feature relevant?” are much easier to answer when designing for a specific user, i.e.
a specific persona [5]

Personas come in several types, three of which are of importance in this study [5]:

� The primary persona represents the user the system should be designed
for, allowing the design decisions to base on the opinion of a single (fictional)
person that is an amalgamation of several interview subjects [5].

� The secondary persona represents a vastly different user which would still
be reasonably satisfied by a system designed for the primary persona. Any
extra needs the secondary persona might have must not be implemented in
such a way that it interferes with the needs of the primary persona [5].

� The supplemental persona is not a regular user of the system, but with an
important role that needs to be considered as well in the design process [5].

2.4 Goal-Directed Design Process

GDDP was initially developed by Alan Cooper, a veteran within the interaction
design community [5, 12]. It was defined to be a way of working towards Goal-
Directed Design, a methodology where products should be designed and constructed
such that the users can achieve their goals [5]. The aim of GDDP is to provide a
sequence of steps such that the purpose of Goal-Directed Design is fulfilled. At its
foundation lie the five component activities of interaction design defined earlier (see
chapter 2.2).

It was defined because the industry did not have reliable and/or complete processes
for developing successful products. Typically programmers have to make design
decisions which often boil down to ease of use or ease of coding. It is not hard to
see which choice will have priority, given that programmers are often under extreme
pressure to deliver. Essentially this means that any and all designers should broaden
their horizons and take part in the user research [5].

The process itself can be divided into six phases (figure 2.1). In particular the
process in its entirety is a more concrete specification of the activities specified by
[10]. The difference and strength of GDDP is that there is a greater emphasis on
modelling user behaviour and defining behaviour of systems [5]. The sixth phase
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will be omitted, due to that it needs a separation between designers and developers
in order to be performed, something which is outside of the scope of this study.

Figure 2.1: Interpretation of The Goal-Directed Design Process where, for this study,
the sixth phase were chosen to be omitted. [5].

2.4.1 Research: User and domain

In order to improve a system or develop a new one, data must first be collected.
The main aim of this step is to get a good foundation of knowledge upon what will
be deemed necessary to fulfill the aim can be built [8].

The data itself will come in many different forms, but more importantly from a
wide range of different sources. It is as such important to employ valid activities
for collecting data relative to the source and to ensure that qualitative research
is conducted. The sources themselves can be people, literature, documentation,
websites or even other systems [5].

The activities that are the most appropriate for GDDP include Stakeholder in-
terviews, Subject Matter Expert interviews, user interviews, user observation/field
studies, literature reviews and product/prototype audits [5].

The strength of user and domain research comes from its ability to distribute the
activities such that a lot of them can be made in parallel. For example literature
reviews could be made at the same time as user interviews without any particular
loss of data in between [5].

2.4.2 Modeling: Users and context of use

With data at hand, there is a need for molding and refining it into something that
is useful. The need for this step comes from the principle of abstraction as defined
by the core interaction design activities [10]. Meaning that, among other things, the
motivations of the user needs to be derived, even if they themselves can not put it
into words [5]. For capturing these, there is a useful concept of a user model, called
personas.

Personas are a tool for specifying the more abstract things such as user behaviors
or mindsets. For a persona to be truly useful, a considerable amount of work needs
to be put down. Of significance is identifying the patterns in user behavior that are
of meaning, instead of making decisions based on stereotypes or generalizations [5].

7



Once the personas are created, it is time to define the goals. A goal can imply a
range of different things. For this study, two definitions are of focus. The first one
defines these as the drivers behind the behaviors that personas provide the context
of use for [5]. Another definition merely is that goals are what the persona wants or
needs to fulfill, a motivation on why the persona is doing some action [8]. In figure
2.2 a brief overview of the relationship between personas and goals is presented, as
well as a quick introduction to scenarios (see chapter 2.4.3).

Figure 2.2: Relationship between personas, goals and scenarios [8].

2.4.3 Defining requirements

The requirements definition phase is where the connection between a user (or any
other model) and the design concept is made. For generating these requirements,
an analysis based on context scenarios is performed [5].

Context scenarios are a high-level description of how a product can best serve the
needs of personas. They are stories describing how the personas would achieve their
goals in an optimal system. The gain from developing these scenarios is that it gives
a designer the power to imagine a user experience that is ideal. These scenarios
have the side effect of getting the designers to start thinking about flows within the
system under design and get the creative process started [5, 8].

From these context scenarios, a list of requirements is extracted. Requirements
come in several forms, but for this study, only data and functional requirements are
in focus. Data requirements are needs that demand representations in the system
of objects and information. Functional requirements, on the other hand, are needs
that facilitate functions that act upon the data in the system [5].

Given an user-centered approach, this activity as a whole is one of the most fun-
damental within interaction design. It requires one to get to know one’s users, in
aspects more than just knowing what they do, but also the motivations driving
them [8]. Another detail defined here is also the problem and vision statement, a
short document describing what the problems are and the counterpart on what an
envisioned solution might entail [5].
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2.4.4 Defining a framework of design structure and flow

The primary focus is to define the product concept, or in other words the framework.
This concept includes the fundamental design decisions regarding the behavior and
visual design of the product. It is worth to note that in this step, the focus is on
the user interface structure and any behaviors, rather than exact positioning and
measurements. The aim is to stay at a relatively high level of description, rather
than hammering out all the gritty details. The gain of following these steps is that
one can get started reasonably easy and instead deepen the grittier details through
iteration. One can decide things in rough terms without getting too stuck in a
particular design concept [5].

In more concrete terms, what needs to be defined:

� Form factor, essentially the size and shape of the product

� Posture, is a way of specifying the range of attention the product should get

� Input methods, describe what ways of interacting with the product exist

� Data elements, fundamentals of a product. Examples of these are photos,
email messages and product items in a webshop

� Functional elements, operations performed on the data elements and any
other representation in the interface

� Functional groups and the hierarchy, groupings of the functional and
data elements, along with any hierarchy that can be defined

Once these details have been defined, the visual parts of the interface can be
sketched. Here different techniques can be used to produce designs. Among these
are Lo-fi and Hi-fi prototypes, which are merely different ranges of detail on the
drawn interface [5].

In the end, two kinds of scenario types are defined, key path scenarios and valida-
tion scenarios. These key path scenarios describe how a persona interacts with the
product. These scenarios are the concrete versions of the context scenarios defined
earlier. Noteworthy is that the language used in the key path scenario should match
the one that described in the interaction design concept. The validation scenarios,
on the other hand, are less detailed, and typically consist of asking ”what if...”
questions. The value of doing this is to try and truly test all possible interactions,
smoothing over any potential holes within the design [5].

In parallel, a visual design should be defined. Essentially these boil down to the
style or styles used in a design. Of importance to keep in mind here are concepts
such as how different colors interact with each other, font size, material properties
of the interface. In situations where the design is an upgrade or extension of some
existing system or product, it is also possible to use the already established style, as
to not break the overall appearance of the system. This design concept is typically
called the visual style guide. [5].
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2.4.5 Refinement of framework

Having defined an acceptable design concept, the process enters the Refinement
phase in which the final design is formed through iteration. Extra emphasis is made
to follow defined interaction design patterns. These patterns are general solutions
to previously analyzed problems, tried and tested by the industry rigorously [5]. In
other terms, they are descriptions of what the best practices are within some design
domain. It is worth to note that these patterns are not step-by-step guidelines on
how to design some specific interface. Instead these patterns are suggestions to solve
specific problems that can arise in the design process [13].

The primary activity performed in the refinement phase is to translate any sketches,
that is to say, the Lo-fi / Hi-fi prototypes into full-screen depictions of the user
interface. Note that no work is done to implement these interfaces. Staying at a
high level gives the potential for recognizing problems that can still be squashed.
Once the design is fully ironed out, only then are the designs mechanically translated
into an implementation. The rest of the phase follows the same structure as defining
a design concept (see chapter 2.4.4), with the difference that changing the form factor
and input methods are unnecessary and will be skipped [5]. It is of importance to
conform to the visual style guide defined in earlier steps (see chapter 2.4.4).

During the end of this phase, or after each iteration, the prototype or design concept
forms a concrete solution. It is thus desirable to evaluate the solution or solutions
produced. This evaluation can be done in a range of different ways, categorized in
two overarching groups. Testing against the defined personas and scenarios or user
testing. The former is mostly a way of stepping through our scenarios and checking
the requirements to see if the solution conforms to the higher level specifications
made [5]. The latter uses concepts like usability testing. In this form of test, a user
is given a set of tasks which they should try to complete. During this test different
types of data is collected such as time to complete a task, number and type of errors
per task, number of users completing a task successfully. These types of data (along
with others) form a measure of usability [8].

There also exists a concept of walkthroughs, which can be performed on designers
and users alike, provided that the subjects walked through are new, meaning they
have had little to none previous exposure to the solution. The walkthrough itself is
similar to usability testing, namely that the subject walks through a task or series
of tasks. A variant of these is called cognitive walkthrough, in which effort is made
to answer a trio of questions [8]:

� Does the user know what to do to achieve the task?

� Are the correct buttons/menu items visible and apparent?

� Does the user get accurate feedback for some action?
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3 Method

Within this chapter the process and how the work was conducted is described. It is
starting with how the work was structured and then sequentially going more in-depth
for each phase of the study. It starts by going through how research was conducted
within the di�erent relevant �elds, then transitioning in to how the research data
was analyzed and evaluated. Finally it is described how the research and data was
used to create prototypes and designs.

3.1 Workflow

The way this study has been approached is tightly coupled to GDDP (see chapter
2.4). In figure 3.1 a diagram of the workflow is presented. During the start up weeks,
a preliminary investigation was conducted and a planning document was written.

With the planning finished, the project entered the first phase of the GDDP. Here
three activities were performed in parallel. Firstly domain research, in which data
was gathered regarding the domain. Secondly interviews, which were performed with
the current users of FIRE, stakeholders and potential domain experts. Lastly user
research using alternative data gathering methods, such as surveys/questionnaires.
In parallel, a mid presentation was held where the preliminary findings were pre-
sented along with the planning.

With the data gathered the study entered the second phase, user modelling. In this
step, personas and their goals were defined.

Once that was done, the third phase started. Here work was done to define the
requirements and context scenarios. These were based on the previously defined
personas and their goals.

The fourth phase encompassed defining the framework, the initial abstract design
properties. In the fifth and final phase of the chosen instance of GDDP work was
done to refine the framework into a solution proposition. In parallel with the fourth
and fifth phase, some emphasis was put on trying to provide a proof of concept and
prototyping with the available technologies.

In parallel with the different phases, report writing was performed. Finally, a con-
clusion was reached with the help of the report. This conclusion was worked into
the final presentation.
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Figure 3.1: Diagram over the workflow.

3.2 Research

During the research phase of the study, information and knowledge was acquired
on relevant topics. This ranged from information on specific systems to the funda-
mentals of interaction design. This was done primarily by reading in the case of
interaction design, and exploring the actual systems in order to learn about them
in addition to studying the documentation. Of particular note are the books About
Face [5] and Interaction Design: Beyond human-computer interaction [8] that for
the most part laid the foundation of the workflow for this study.

Another major part of the research was the users and the user analysis. Conducting
interviews and surveys generated the data that was the backbone of this study.
For research purposes this meant that a clear methodology on how to conduct the
gathering and handling of the data was needed. The research phase generated a
deeper understanding of the problem, knowledge about specific systems and methods
and data consisting of interview and answers to the survey.

3.2.1 Domain

As a starting point it was important to learn what functionality Canvas offers out of
the box and learn about the existing extensions. Through constructing informal use
cases based on experience of old courses taken at the department, the functionality
was explored. This served the purpose of examining how to accomplish certain tasks
in Canvas. For example:

� Creating a course

� Creating and modifying assignments

� Find submissions made by students, that are not graded yet.

� Grade a submission sent in by a student/group.
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� Distribute workload between members of the grading staff.

� Send messages to different students and student groups.

The primary purpose of this step was to learn what was possible in Canvas. This
functionality was later checked against the requirements that was formulated as part
of the requirements step. This to see if all requirements could be met without any
implementation efforts.

For the technical side of extending Canvas, a lot of documentation was read. Also
some very small prototypes of LTI-applications were made to make sure the doc-
umentation had been understood correctly. As a part to see whether there is an
existing LTI extension, an investigation was made in the different LTI categories to
see what exists and have the same functionality as FIRE.

An investigation of the FIRE system, as it exists today, was also part of the domain
research. The investigation was made mostly to get to know FIRE better and to have
a better understanding of the current workflow as the interviews where conducted.

3.2.2 Users

The most important source of information when working with user experience and
interaction design are the intended users of the system. In this case, there is a
somewhat homogeneous user base consisting exclusively of faculty members at the
Department of Computer Science and Engineering at Chalmers. This in theory
would mean that the data gathering would yield somewhat cohesive and uniform
results.

Surveys

To start collecting data, a survey was produced (see Appendix A). This was done by
evaluating what information was needed and then designing questions that would
provide those answers. An effort was made to design questions that would produce
more elaborate answers than just for example yes or no.When the survey was deemed
passable it was sent out to various individuals that uses or have used FIRE. These
individuals where mostly faculty members at the Department of Computer Science
and Engineering or connected to the department in some way.The survey also served
as the baseline to build the interviews on and it contained a question asking if
someone answering were interested in participating in an interview. This inquiry is
what the interview selection was later based on.

Interviews

A template of questions to be asked during the user interviews was formed. This
template included the same questions as in the survey in order to get more elaborate
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answers to them. It also included several new questions, including questions seeking
feedback about different ideas for a future design.

Before each interview, this template was copied and extended with questions related
to the answers by this specific individual in the survey. This resulted in a final set
of questions for the interview.

The interviews followed a semi-structured format which entailed that follow-up ques-
tions were allowed, as well as elaborating on topics that were discovered during the
interview itself. This meant that the interview subjects where free to elaborate on
the answers they had already provided and, if needed, answer any follow-up ques-
tions. This format also allowed the interviewee a possibility to expand on ideas and
concepts that the prepared questions did not deal with.

The interviews were booked in unison with the interview subject and conducted
with two interviewers, one to ask questions and the other to take notes. In addition
to the notes, the interviews were also recorded and later transcribed for review, in
order to prevent any loss of information.

3.3 Data Analysis

In order to have a clear way to make design decisions, the collected data was analyzed
in several sequential steps, as defined in the Goal-Oriented Design process. The effort
is mainly to group different users and create an abstraction to work with, instead of
having to go back all the way to user interviews every time a decision needs to be
made.

3.3.1 Personas

It is difficult to make decisions about the design of a system when there are multiple
users and opinions to take into account, since they differ and will ask for different
solutions to the same problem. Therefore, the data collected about the users was
distilled into a set of personas. Each persona represents a fictional person, based on
the personalities and behaviours of the users analyzed.

First of all, two general personas were generated using the survey data and a quick
guide [14] just to get a feeling for the users, and get acquainted with personas as a
tool. The personas resulting from that process is available in Appendix C.1.

When they had been completed, the process of creating personas following the steps
from GDDP started. The data used to generate those personas was mainly from
the interviews, since they provided the most in-depth data about each individual
user. Having the most information about each user is important to get the most
detailed view in which the users differentiate, allowing them to be properly merged.
The process to generate the personas using GDDP was as follows:
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Roles and Variables

The five acquired interview objects were all teachers, which meant that no grouping
of them were needed. Instead, they can all be analyzed as a single group.

By reading through the interviews, a list was assembled of every point where they
had a difference in opinion, or ways of working. This list of items, called behavioural
variables, represents the information that makes the users different from each other.

Five di�erent types of variables were assembled:

� Activities, what they do

� Attitudes, what they think

� Aptitudes, their ability to learn

� Motivations, what they want

� Skills, what they can or know

The activity variables simply state a single activity that can be done in different
amounts, while the other variables consists of two extremes that are the opposites
of each other. A total of 35 behavioural variables were collected. They are available
as headlines for the charts in Appendix B.1.

Mapping variables

To get a picture of who each user is, a value was assigned to them for each behaviour
variable based on the interviews. This gives each user a set of values that completely
describes them in relation to the other users.

The values chosen were 1-5. In the activity variables, a one means that the subject
never does the activity, while a five means that it does it a lot. As for the variables
that has two opposing ends of the spectrum, a one represents a complete fit of the
left end, and a five a complete fit with the right end. In binary variables where it
either fits or not, a five was assigned as yes, and one as no.

The five steps of granularity in assigning values was chosen because it allowed for
a middle point for neutral values, as well as a point between the middle and the
extreme, allowing to see a difference between those with the strongest association,
and those who are just leaning in that direction.

This resulted in a spreadsheet, with the users as rows, the variables as columns, and
their corresponding assigned value in the cells. The table holds all information rele-
vant to the interview subjects usage of the system, but it was hard to get an overview
of how different people relate to each other in different questions. Therefore, based
on this table, range charts were created.

For each variable, the different subjects were placed along a line, with their place-
ment corresponding to their value assigned on that variable. Furthest to the left
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represent a one, and furthest to the right represents a five. Subjects with the same
value were placed next to each other to indicate a grouping around that point. The
complete generated range charts can be found in Appendix B.1.

Identify Patterns

With the range charts available, patterns was searched for in regards to the groupings
of the users. To find which users had most correlation in their placement with each
other (indicating that they are a similar type of person), a count of how many
variables each grouping had in common was performed. Having the same value as a
different set of users in as many variables as possible indicates a close relationship.

The range chart was passed through looking for every occurring grouping of users.
Each variable in the range chart was then analyzed, noting in each group if they
had a common value in that variable. This gave a table of all common variables in
each of the groups.

The more common variables a single group has, the more it indicates they are similar
as users. The table was then analyzed to see which groups stood out in regards to
the number of common variables, indicating a larger correlation between those users.
A line was drawn where only the groups over a certain number of common variables
were deemed interesting, and picked for further investigation. The complete table
as well as the line drawn is available in Appendix B.2.

The resulting set of groups were then analyzed for redundancy. Groups that were
already part of a larger group were removed as they provided no extra information.
The resulting groups were then non-overlapping and distinctly different in their
behaviour, and can therefore be viewed as distinctly different types of users of the
system.

Synthesizing

In order to make each group act like a single individual with a united personality
and behaviour, the variable values of all members in each group were merged into a
single value. This resulted in a new value for each variable that represented the entire
group. When a large discrepancy existed between the values of the different group
members, either the average value was selected, or a certain value was hand-picked
to make sure necessary information was not lost.

When an interview subject is occurring in several groups, the opinions of the others
were primarily chosen whenever the values within the group differed. Ensuring that
the unique opinions did not get lost, differentiating the groups as much as possible
by downplaying their common part.

The resulting group variable values in text form can be seen in Appendix B.3
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Types

Each of the resulting groups were assigned a different persona types, indicating their
relevance to the project.

The personas was assigned in such a way that designing the system for the primary
persona would not infuriate the secondary persona as much as the other way around.

Three different persona types were used: Primary, Secondary, Supplemental. The
roles assigned to which groups can be found in Appendix B.4

Expanded description

Each of the groups generated and the information collected about them were used
to create descriptions of them as fictional individuals. Each group were assigned
a name, and a portrait photo that was considered to capture the type of people
they are. A background text was written with their imagined life status to further
enhance the picture of them as real people, and who they are.

The synthesized information from each group in the ”Synthesizing”-step was rewrit-
ten as fluid text, where each of the key points occurs. This was done by writing a
sentence/paragraph per behaviour variable. Each of these parts where then reorga-
nized and combined into a fluid text.

Lastly, a single quote was created for each of the personas with the point of giving
the personas a more living character.

The final result after this step was a set of complete personas, describing a set of
different individuals.

The finished personas are shown in chapter 4.4.

3.3.2 Requirements

A brief description of the theory on how to work with requirements is available in
the theoretical framework. More concretely the Goal-Directed Design methodology
was followed, which defines 5 steps in the process of defining requirements. These
steps were followed but sometimes with some minor exceptions.

With that in mind, the steps are not explicitly defined by the process and left a lot
of room for interpretation. Some gaps had to be filled by creativity and discussion
within the group.

Problem and vision statement

The first step in defining requirements is creating a problem and vision statement.
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The problem statement defines the problems that exists in a concise manner to
get a clear picture of the actual problems and what they entail. This is helpful to
determine what it is that actually needs to be solved. The vision statement then
concisely defines the vision for how the stated problems should be solved in the
finished system, resulting in a clear design initiative moving forward.

The problem statement was created by first having a group discussion to get a rough
idea of what the problems were and what was required from the product. Several
drafts where made, discussed and dismissed until reaching the finished version.

The vision statement was discussed from the perspective of how the product could
alter the current situation by giving the users what they need and how that creates
value for the university. Each specific problem was given a specific vision for what
a solution should look like.

The resulting problem and vision statements are presented in chapter 5.

Brainstorming

The brainstorming process was performed in groups of two to three members, dis-
cussing all thinkable functionality and requirements that could be useful in the
system. All ideas were written down, including ideas that was thought of as not so
promising. Even some ideas that was found really bad at the time, or impossible
to implement was included. The key point was to not miss any ideas that could be
practical when the thinking about the system becomes different later in the process.

Identify persona expectations

This is the first step in the process of defining requirements that is using information
directly from the previously constructed personas. The personas biographies where
analyzed in combination with their goals and pain points as well as their synthesized
requirements . This analysis was used to create the personas expectations on the
system which will be used in the upcoming context scenarios.

This step was made rather small since the personas soaked a lot of the time for this
phase and as such could also be directly translated to persona expectations.

The complete list of identified expectations can be found in Appendix D.1.

Constructing context scenarios

Context scenarios serves the purpose of showcasing a story that highlights how
users actually would use the system. To achieve this a creative process is required.
Different scenarios that the personas would most likely encounter were constructed.
Through the personas expectations in combination with the personas background
and mental model a story gets told. A greater emphasis was put on creating context
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scenarios for the primary and secondary personas since they would carry greater
weight in the future design decisions.

The scenarios were subject to change since additional plausible scenarios arose from
working on the subsequent step in the designing of the requirements. As such the
step of constructing context scenarios was revisited to some degree.

The complete list of constructed scenarios can be found in Appendix D.2.

Identifying design requirements

Design requirements were constructed using two approaches because it was hard to
determine satisfactory requirements in the first attempt. Initially the requirements
were extracted directly by reading the context scenarios. Through reading the story,
information about which data would be necessary in the system, what methods the
user would like to perform and in which context these data and functions would
appear. This created a long list of data, methods and contexts but it was difficult
to really understand them in how they would perform in the system. They were
also incomplete as the context scenarios were not as covering as would have been
needed.

In the second approach, the focus started with views instead. The views that could
be extracted directly from the first approach were used and the methods and data
fields were mapped to each view. From that perspective more views were looked
at and a more complete interpretation of the system emerged. In every view there
were data and functions that would be useful for the user. The context scenarios
were walked through once again to make sure nothing was missing and in the end
there was a clear picture of the system. To easier discuss the layout of the views
some of them were sketched, all of them but one in very low detail level.

The complete list of requirements can be seen in chapter 5.

3.4 Prototypes

With the requirements assembled, two different prototypes were created. Prototypes
are necessary to visualize what should be made in order to fulfill the requirements.

The first prototype was based solely on the existing Canvas system and functionality
already available to the users of the system. The method of creating it is available in
the following section 3.4.1. However, not all requirements were able to be satisfied
in this solution proposition.

Another prototype was designed with a custom UI and necessary functions. The
focus was solely on meeting the requirements that had not already been met satis-
fyingly in the previous prototype. As a result, it was designed as an addition to the
first prototype instead of a standalone solution, making the combination of the two
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fulfill all requirements. The method of creating it, using the prototyping steps in
the Goal-Directed Design Process, are presented in the sub-chapter 3.4.2.

3.4.1 Based on existing system

The requirements, defined in chapter 5, were mapped with the functionality in Can-
vas collected from the domain research. This led to a list of requirements grouped
by either: ”Working well in Canvas”, ”Existing in Canvas but ease of use can be
improved” or ”Not existing in Canvas”.

The requirements listed in ”Not existing in Canvas” were put aside. The functional-
ity in Canvas that was used to perform the remaining requirements were described in
a document. As this document describes how the requirements can be reached step
by step, it was converted to a tutorial for a clear view of how to perform complex
tasks in default Canvas. This tutorial can be found in Appendix F.6.

3.4.2 Based on Custom Design Concept

A custom UI prototype was developed as an addition to the first prototype. Doing so
allows the designed system to only address the requirements not already satisfyingly
met in default Canvas, instead of all of them. Following are the steps based on GDDP
that were followed in order to create it:

Define form factor

The first step was to define the form factor of the resulting system. On which
devices would it be used? With which input methods? How would it relate to the
current systems in use? These decisions were taken based on the personas and their
preferences in system usage, and assembled in a document for reference.

Define elements

The requirements that had been deemed necessary for this custom solution were
analyzed so that functional and data elements could be extracted from them. Func-
tional elements are actions the user should be able to do while data elements are
the data that needs to be stored and manipulated in the system by those actions.
This resulted in a list defining what the user should be able to do in the system.

Functional groups

The next step was to group the actions that has to be performed into a hierarchy.
That is, organize the needed functionality in different places in the system, in dif-
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ferent views and panes. Note that no designing is actually taking place here, only a
grouping of elements to make sure everything is logically organized in the system.

Sketching the framework

From the grouping in the previous step, as set of different views within the system
had already been defined. The next step was to design them graphically and decide
on the best way to present the needed elements and functionality on screen.

The views were designed in groups of two to three persons. First they were roughly
sketched on a white board and thereafter reviewed in larger group. After some
revisions had been made on the whiteboard, they were transferred to paper sketches
with a pencil, this time with a bit more accuracy and a higher level of detail. One
of the sketches was drawn from the white board directly in a digital environment to
early get a feeling for the visual style guide of Canvas and how it could be applied
to the sketches.

The initial design prototypes can be found in Appendix E.

Key path scenarios

In order to validate that the created designs did indeed hold for the intended users,
they were checked against the context scenarios of the personas. The scenarios were
walked through step by step, checking where the persona would have clicked and
where it would take them, making sure the scenarios are possible in the designed
system.

Several faults was found during this process, in which the sketches were appropriately
adjusted to accommodate the missing elements.

Validation scenarios

Before the final design, validation scenarios were carried out. First a brainstorming
session was held where all possible things you could want to do in the system was
written down. After collecting these ideas, they were checked against the design to
see if they were all possible. Any found mistakes were adjusted in the sketches, as
in the previous step.

Final design

Lastly the validated sketches were transformed to digital designs showing how they
would look integrated in Canvas with the Canvas style guides applied. Even at
this step some validation was made which caused these designs being refined a few
times.
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4 Current State

This chapter contains a summary of the current state based on the information
collected during the research phase. This includes information about the current and
future systems in use at Chalmers, as well as a summary of the types of users that
are currently using FIRE.

4.1 PingPong

The current LMS of Chalmers, PingPong is rarely used for courses at the Department
of Computer Science and Engineering. There is a negative preconception about the
complexity of the program. None of the interviewees have actually tried using it
in an actual course, mostly dismissing it out of hand because of colleagues advising
against it or getting deterred by the amount of options when initially trying it.
It should be stated that there are many teachers at other departments who are
using PingPong. It should also be noted that the decision of changing LMS from
PingPong to Canvas is already taken which renders PingPong obsolete no matter
the case. Therefore PingPong has not been a focus in this study.

4.2 FIRE

From the interviews performed, it is clear that most participants like to use FIRE
since it offers a streamlined experience without the need for much configuration or
knowledge about the system. Primarily because the system is only used for handing
in and correcting submissions, without any additional functionality that an LMS
typically contains.

Since FIRE only can be used to administer submissions, extra effort need to be
expended to bring the students all the information that they require. For example,
it is not possible to present the assignment details in FIRE, so lab instructions will
have to be hosted somewhere else. Because of this, all teachers interviewed have
a separate, open, course page where students and other interested people can find
information about the course.

4.2.1 Usage

When a new course is started, the examiner must contact the FIRE development
team, so they can set up a new course. Every study period a new virtual server is
then started that hosts that instance of the course. This instance must then still be
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hosted for quite a long time, since all records of the students progress are stored in
the system, and might need to be accessed if there is any problem with accreditation.

Students register an account in FIRE for each course and teachers adds teacher
assistants, that gets a separate account for each course as well. As a result of this,
any student can register for a course instance in FIRE, even if they are not registered
for the course itself, making them ineligible to receive a grade in the course.

The system offer functionality for students to submit their solutions to assignments
as well as for course staff to download submitted files and pass/reject those submis-
sions. Optionally a point score can be given for the submission. Each assignment
needs two deadlines set, a first and a final deadline. The two deadlines can however
be set to the same time if only one is needed.

The only additional usage for FIRE is that it contains email lists for all registered
students.

In an interview with the developer currently responsible for FIRE, it was clear
that there are several problems concerning the hosting of FIRE, which is done in-
house. To begin with, the developers do not have administrative privileges on the
host server, which has made it quite tricky to maintain the server. It has mostly
been solved with administrator scripts and such, but it has never been an adequate
solution. Since all course instances are hosted on a separate server, each instance
must also have its own security certification, which is a finite resource in many cases.
There have been times in the past where a new course instance could not be started
because the system ran out of certificates.

4.2.2 Development

According to our interview with the project initiator, there has been some diffi-
culty finding developers to continue developing FIRE. This is also shown from our
interviews with teachers, as some has expressed dismay over missing functionality
that they have requested, but there has been no time to address these requests. To
further complicate things the current developer tasked with maintaining FIRE is
scheduled to leave Chalmers after the summer (2018).

FIRE is developed in Python, with the web framework Pyramid. There have been
instances, again according to the current developer, where Python has broken back-
wards compatibility when upgrading the run-time to incorporate security updates.

4.3 Canvas

Unlike FIRE, Canvas is a complete LMS designed for teachers and students to
participate and communicate in a course. There are also tools that aims to help
teachers administrate, grade and keep track of their students. A large part of this
study have been to investigate what functionality exist and how it could be used
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to implement a lab submission system that best suits the Department of Computer
Science and Engineering. Therefore, the focus will be on the part of the system that
relates to assignments and submissions.

4.3.1 Functionality

If a user has the rights to start a course, it is done directly from the dashboard.
The choice exist to copy an old course, for reusing course material. Several options
for graded course components exists, including quizzes, tests and submitted assign-
ments. They can be divided into modules, so that students can get an easy overview
of coming events. It also gives teachers a greater ability to structure their material
since an early module can be a prerequisite to start a later module.

Assignments are written in a rich text editor built into Canvas, where embedding of
several media types are possible. This lab information is presented to the student in
the same view as submissions are done. Several grading schemes are available from
the beginning, as well as possibility to define new grading formulas. There is only
one deadline for each lab, although extensions are possible for a specific group, or
a general extension of the deadline. There are also options for making it a group
assignment, peer reviewed and other.

For each assignment, a group set is selected or created. These groups can either be
filled with students automatically, filled manually by the course staff or students can
be allowed to form their own groups. A group set can span several assignments, but
if different sizes of groups is needed for some labs, specific group sets can be created
for them. It should be noted that submissions can be made by students even when
they are part of a group that has not been filled or even not part of a group at all.

Grading is done either through the grade book application or the SpeedGrader
application. Grading through the grade book is done per student basis. If a grade
is given for a student on a group assignment, the grade is passed to all students
in their group. In SpeedGrader, groups are shown directly for group assignments.
Each possible grader can grade any submission as they are not assigned to a specific
grader.

Rich functionality for student statistics are available, where instructors can see
missed deadlines, submitted assignments, points for assignments and much more.

There are also a lot of functionality to encourage communication. This includes,
but is not limited to private messages, messages concerning a specific submission
and broadcasts to an entire class.

4.3.2 Extending Canvas

Even though Canvas is an open source project, modifying the source code is not
an option for Chalmers since, according to interviews with the stake holder, Canvas
will be hosted on a cloud server and thus not open for modified source code.
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There are other means to customize Canvas, in the form of LTI-integrated appli-
cations. Using this standard one can create a stand-alone web application, hosted
on any server, and integrate it into Canvas. To support the standard, each Canvas
instance has an API that any authenticated app can use to add additional views to
Canvas, as well as extract data from the system.

As an additional bonus, there are a lot of existing LTI-apps that can be introduced
to any course hosted in Canvas. The difficulty in this area has been to find ones
with the correct functionality. Among this list of LTI-apps, none have been found
mimicking the behavior of FIRE.

4.4 The users

The information from the interviews were distilled into three different personas that
describes the different type of people that are currently using FIRE. Below is a
summary of the personas. The complete versions can be found in Appendix C.2.

Primary persona, Eva Lindh: A 43 year old teacher who loves to help students
and see them grow. She enjoys motivating her students within the field and often
tries new interesting assignment structures. She communicates a lot with the stu-
dents, helping them and giving feedback, which she feels is not very convenient in
the current system.

Goals

� Make the course go as smoothly as possible for everyone involved

� Have a high ratio of students motivated within the field

� Establish interesting assignment structures

Pain Points

� The students has to be cross-checked manually with the official course regis-
tration

� Lacking support for communication with student and staff within the system

� Hard to get an overview of what needs to be done

� Lackluster tools for providing feedback to the students

� Difficult to manage the student groups when people leave/switch groups

� Hard to create different assignment structures

Secondary Persona, Urban Anderson: A 62 year old teacher who is very com-
fortable in the way he teaches his subject. He wants to spend as little time himself
as possible, and instead manages the teaching assistants. He enjoys supervising
everything, but he feels like the ability to do so is lacking
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Goals

� Ease of use

� Efficiently manage the distribution of work between teaching assistants

� Reduce his own workload

� High pass ration in his curse

Pain Points

� There is no user hierarchy, allowing teacher assistants to do everything he can
do

� The type of grades available is very inflexible

� There is no good overview of what has happened in the system

� Need for creating a fake student account to check how it look for students

� No connection between grades in current assignment system and the LMS

� System allows for invalid file extensions to be uploaded

� Group Management overall

Supplemental Persona, Alexander Popov: A 29 year old developer. Since he
is the one creating FIRE, he feels like he knows what it should be, and therefor
decides what and how something is implemented. He thinks the management of the
hosting is troublesome.

Goals

� Keep his previous workflow

� Optimize own workflow

Pain Points

� No administrative rights to hosting

� No backup options

� Certificate maintenance
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5 Design Initiative

The following chapter will present the issues that were found based on the �ndings in
the previous chapter, current state. Problem and vision statements are key in GDDP
and are tools to keep focus on the problems to solve throughout the design process.
Afterwards a section on the requirements themselves is presented, representing the
technical level details.

5.1 Problem Statement in the Goal-Directed De-

sign Process

The old LMS PingPong is not considered useful by many teachers. At the Depart-
ment of Computer Science and Engineering it is considered complicated to set up.
Many also avoid contact with it due to the reputation it has among other teach-
ers. Therefore, some of them found or created other platforms. Teachers that will
not use Canvas will cause an inconsistency between courses which is a problem for
students and a problem for Chalmers because teachers will not achieve some of the
benefits that an LMS can provide. A need to see what is best for Chalmers has to
be taken into account.

FIRE in its current state is a functional lab submission system, but it takes too
much time and effort to maintain, leading to some desirable functionality not getting
implemented. There is also a stated problem finding resources to maintain it and
to keep it functional.

FIRE is entirely separate from other systems and does not share student data and
authentication. This increases the administrative workload for both teachers and
students.

The following is a list of FIRE’s problems:

1. FIRE does not fulfill all the requirements that has been produced by this
project.

2. FIRE is sub-optimal from a maintenance point of view.

3. The usage of FIRE instead of the Chalmers’ main LMS leads to inconsistency
in used software between courses on the school.

4. FIRE is completely separate from other systems, meaning that student data
and logins are not shared. This increases the administrative workload for both
teachers and students.
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5.2 Vision statement in the Goal-Directed Design

Process

The vision is to create a system that all students, registered to any course on
Chalmers, can use. The system should also let the teachers and teachers assis-
tants, who will be using it, find it supportive for their tasks. This system should
have an integration with Canvas so that its users will not be bothered with more
credentials than necessary for Chalmers systems, as well as make it easy for teachers
to report results from the system. The vision is also to develop a system that is
possible to maintain with less resources than the current system, freeing resources
for developing extended functionality instead.

The following is a list of the vision statements:

1. Design a system that suits the teachers needs better than the current FIRE
system.

2. Design a system that is possible to maintain with fewer resources than the
current FIRE system.

3. Design a system that is visibly present in some capacity within Canvas, while
being consistent with the Canvas design.

4. Design a system that integrates the student data and logins from Canvas.

5.3 Matching the problem with the vision

It is of worth to see whether the problems that has been stated match up with the
visions. As such this section provides a brief explanation of each given problem
statement and what vision counterpart it has.

The first problem statement specified that FIRE currently lacks features desired
by teachers, which would be beneficial for them. This statement means that any
potential solution should incorporate these desired features, which is what the first
vision statement dictates.

The second problem statement specifies that FIRE has issues on the maintenance
side of things. This statement means that for any solution, for that solution to
be valid, the maintenance should among other things use fewer resources. This
statement is just the inversion of the second vision statement defined.

The third problem statement formulates that usage of different platforms/systems
leads to inconsistencies. What this means for a solution are two things. First, the
solution should be visible/present in some way within Canvas. Second, the visual
style guide of the solution must adhere to the style guide of Canvas, as to not break
the flow. Once again, this is the very definition of the third vision statement.
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The fourth and final problem statement says that the administrative workload of
FIRE is high, this because it is a separate isolated system. A solution then should
aim to decrease this workload, which is just another way to formulate the fourth
and final vision statement.

5.4 Requirements

An important result from any study of a potential computer system is the require-
ments that potential users have. These where extracted from context scenarios
which is written to get a certain empathy for the personas. Following is a list of the
requirements extracted this way.

Data requirements

Teachers can...

... see done/scheduled submissions on course level (1).

... see student history. Which assignments did he/she pass as part of which group
(2).

... see the progress of submissions handled by teaching assistants (3).

... see submissions at risk of being corrected too late (4).

... see an overview of tasks to be completed in course (a TODO list) (5).

Functional requirements

Teachers can...

... change deadline on assignment (6).

... create a new course in Canvas (7).

... create a copy of an old course in Canvas (reuse old course material) (8).

... add a new assignment to a course (9).

... configure teaching assistant workload from settings (10).

... configure Grade formula for specific assignment (11).

... configure group size for specific assignment (12).

... configure accepted file types for specific assignment (13).

... add and remove teaching assistants to course (14).

... grade submissions according to a workload setting distribution (15).

... only see submissions they have been assigned to handle, according to the work
load settings (16).
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... override deadline for a specific group from assignment/group (deadline exten-
sion) (17).

... Communicate about a specific submission (only seen by course staff) (18).

... send a message to a selection of students that are registered on the course (19).

... download submitted files from submission (20).

... set deadlines for grading submissions (3 work days after deadline, for example)
(21).

... see the course page as a student would (22).

... see all submissions for a specific assignments (23).

... delegate course responsibilities to teacher assistants (24).
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6 Solution Propositions

This chapter will present four di�erent alternatives for lab submissions systems.
These will vary in how well they meet the previously presented requirements as well
as how much e�ort will be needed to realize them.

6.1 Using Canvas out of the box

One solution is to simply use Canvas out of the box. Canvas is already a widely used
system at numerous universities and other educational institutions. This opens up
for easy collaboration between schools and departments within Chalmers. For an
introductory tutorial in how to use Canvas as a lab submission system, see Appendix
F.6.

Advantages

� No development time needed.

� No maintenance or hosting needed.

� Adaptable on course level.

� Possible to add external extensions.

� Same system across departments/institutions, enabling knowledge exchange
between teachers.

� Access to all online material in one place.

Disadvantages

� The extension environment is difficult to navigate.

� Finding out details about an LTI App can be time consuming.

� Placement of some functionality is not always intuitive.

� Statistics and information is almost always shown on student level, not group
level.

� Different roles in the system must be changed by an administrator on the
institution level. The rights of a role can not be adjusted on course level.

� Course staff must learn a new system.
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Requirement ful�llment

The advantage of having no development time of course means there are some com-
promises with this solution, in that not all requirements are met. Therefore, this
solution proposition does not meet the following requirements: 3, 4, 10, 15, 16, 18,
21. For some requirements, there is functionality that support it, but the imple-
mentation is not very intuitive: 1, 2, 19. For details about these requirements see
chapter 5.4.

6.2 Canvas with custom made LTI extension

There are requirements that Canvas does not meet at all, or does not meet at a
passable level. By building a customized LTI, the best of both the available Canvas
functionality and custom functionality could be combined. This solution would need
extra maintenance outside of Canvas to make sure the integration does not break
in the future. Some hosting for the LTI-app would also be needed, and possibly a
database for data not available in Canvas.

By doing extra development over time, functionality that works out of the box in
Canvas but is lacking in some way could be replaced by functionality developed in
the LTI extension. This makes this solution dynamic, as a working system could
be set up quickly and more of the functionality could be moved from Canvas to the
extension over time if needed to improve the system.

For more details regarding the proposed design for a custom LTI, see Appendix F.

Advantages

� Focused functionality, grouped the way course sta� at the Department of Com-
puter Science and Engineering wants it.

� Easier to maintain compared to FIRE due to smaller code base, since a lot of
the functionality from Canvas is used.

� Can be implemented incrementally, customizing it to teacher needs and ac-
cording to their continuous feedback.

� Access to all online material in one place.

Disadvantages

� Requires maintenance and active development.

� Since maintenance is needed, there might still be a problem �nding developers,
just as with FIRE.

� Requires a hosting solution.
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� If Canvas is switched to a new LMS, the new LMS would need LTI integration
to support the built extension.

� Course sta� would still need to learn a new system.

Requirement ful�llment

By extending Canvas, the application designed as part of this study would improve
on several areas. A new grading view would be implemented, enabling the use
of automatic assigning of teaching assistants to speci�c submissions. This in turn
enables the statistics of the TA work to be calculated and shown. It also makes
the communication between groups and grading TA more intuitive and placed in
closer proximity to the submission itself. An overview of submissions and grading
would also be added. This would not be possible to do without a new grading
view, since the standard SpeedGrader application can not be extended to take these
considerations into account. The only requirement that is left unimproved with our
suggestion for this alternative is the student history, which already exists in Canvas
but does not show what group a student was part of when receiving a grade for a
submission.

6.3 Integrating FIRE into Canvas

FIRE as it is today have been under development for some years and is used in
many ways that is appreciated by both teachers, teacher assistants and students.
This system could be integrated into Canvas by replacing the current registration
model by authentication through Canvas. Grades and/or points from labs could
also be transferred into Canvas directly from FIRE.

Advantages

� Take advantage of the code base that already exists.

� Familiar interface for all users.

� Dedicated system focused on one thing.

� Authentication problems can be �xed using Canvas API.

� Grades from FIRE could be exported to Canvas to take advantage of any
future automatic integration with Ladok.

Disadvantages

� Problems with �nding developers for FIRE will continue.
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� If Canvas is switched to a new LMS, the new LMS would need LTI integration
to support the built extension.

� Maintenance problems will continue.

� Old pain points still exist.

Requirement ful�llment

As this would be a continuation of the current environment, the only improvement
would be the introduction of a more uni�ed authentication scheme. However, any
further development time that can be spared can be spent on improving FIRE to
cover more requirements. The main requirements that would not be ful�lled with
this solution is the functionality to easily reuse an earlier iteration of a course. Also
several overview functions, such as student history, that would make work easier for
teachers would not exist with this solution.

6.4 New, standalone submission app integrated in
Canvas

This solution is mainly the same as the previous but could be seen as a total remake
of FIRE. The di�erence is that with a new take on a lab submission system the
problems of FIRE could possibly vanish.

Advantages

� Potentially a perfect system for the users' needs.

� Potentially easier to maintain than FIRE.

Disadvantages

� Time consuming and expensive to develop.

� Hard to de�ne a perfect system.

� Might still be di�cult to �nd developers.

� The advantages could probably be achieved with less resources if these re-
sources are put into developing FIRE.
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Requirement ful�llment

As this would be a complete new system, all requirements could be handled. The as-
sumption made in this study has been to use Canvas functionality, so this alternative
has not been explored further.
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7 Discussion

In this chapter di�erent problems are discussed, as well as results, possible improve-
ments and re
ections.

7.1 Problem with data collection / Method

There has been an overarching issue with collecting data. This issue comes in
two forms. First, the number of respondents in the questionnaire was lower than
expected. Second, the number of performed interviews was also lower than would
have been preferred

7.1.1 Survey Review

Taking a closer look at the questionnaire statistics, shown in �gure 7.1, the number
of total responses is presented on the Y-axis. The questions are presented along
the X-axis in the same order of appearance as in the survey. This along with three
measurements: answered, did not answer and irrelevant answer.

Figure 7.1: Column chart of the survey statistics

Looking at the staples, it is clear that as the survey progresses, a rapid drop of
answers is present. This drop correlates with the questions becoming more elaborate.
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At the same time, it is also apparent that the number of answers that are not relevant
to the question asked increases. This increase hints at a problem about the depth of
the questions. And indeed, during the post analysis of the survey it was concluded
that the questions themselves might be easy to understand but only if the respondent
is more pro�cient with interaction design concepts or knows the underlying purpose
of the question.

Several conclusions about the survey could thus be made. The survey gave some
basic insight about the usage of FIRE. There would however be more bene�ts in the
early part of the study to plan a much smaller and directed survey instead. This
direct survey should be both smaller in the number of questions but also in scope. As
example, instead of asking "What functionality are you using in FIRE?", a simpler
question would be "Name a good feature in FIRE". This gives a lot more freedom
and does not put the respondent on the spot to think hard about the answer. In
turn, the grittier details is saved for the interviews. This would give quick and
relevant data without the ambiguity in what would constitute as an answer.

Doing a direct survey would also bene�t the project, as thinking harder about what
kind of information was actually wanted from the questionnaire would have further
enforced the interaction design mindset. Also the possible domain problems would
have to be considered from start.

To review the survey, as well as a version revised with respect to the newly found
knowledge of it, see Appendix A.

7.1.2 Interview Review

A di�erent set of problems occurred in the interview process. The most pressing
issue is the questions asked, and the resulting data. It was not matched good
enough for what the GDDP expected. GDDP expects data to come in the form of
a measure of how often some problem comes up or how often something is done.
The interviewers answers should be used to model a persona with clear, prioritized,
pain points. As it turned out in the study, a list of the di�erent problems teachers
experience today was assembled, but no clear image emerged depicting how often
these problems a�ected the day-to-day work. This image was cleared up somewhat,
however, due to the groups collected experiences. Having taken several courses at
the department, providing prior experience on how many teachers likes to run their
courses.

The questions themselves were not bad, nor the semi-structured format for the in-
terviews. Instead, extra steps should have been taken to ensure that it was clear
what kind of information the interviews should provide beforehand. This would
probably have prolonged the interviews a bit but would give an easier process after-
wards. These extra steps could result in clearer follow-up questions to capture the
less conspicuous things like motivation.

In connection with the interviews, there was also an opportunity to observe how
many of the teachers work with FIRE, giving much insight into the kind of work
ows
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that exists today. All of this acted as a counterpoint for the other data points that
was not obtained through the interviews themselves.

The number of interviews raises another question. Would increased quantity of in-
terviews give more diverse data? As seen in the interviews, even when the answers
were of the same vein, the only real di�erences was wording and some of the moti-
vations behind them. When their answers di�er the respondents can be sorted into
two types of groups: those who put e�ort in the system to make more interesting
labs and those who put more focus on other parts of the course.

those who wants to minimize their administrative workload and those who enjoy
working with the system.

Even though the pool of answers was low, along with the number of interviews,
the data is uniform enough to a degree where its reasonable to apply the following
assumption:

A more substantial volume of data would probably not a�ect the result in a signi�-
cant way, along with its relevance within GDDP.

7.2 Credibility Analysis

The results produced in this study are credible for a number of reasons, some of which
have already been discussed in the previous chapter. The information gathered
has been taken from �rst hand sources, interviews, which further strengthen the
credibility of the study. The results are also based on a process accepted within
the interaction design community, which aids credibility. Of focus are the persona
and scenario generating processes which have gained credibility as 
uid, work
ow
enhancing activities.

7.3 Method Evaluation

During the initial research regarding interaction design it was quickly realized that
some kind of design principle needed to be followed. The team settled on the Goal-
Directed Design Process and went from there. There might be other processes to
follow but since GDDP is well used in the UX industry it was decided to just stick
with it. This process gave a very clear sequential order in which to generate a robust
design which is very suitable when conducting a study since each step can be well
documented. The idea of following a process also makes it easy to trace back to
�nd reasoning of design decisions. This all resulted in clear objectives and suitable
goals, a good thing in group based work.

Since the process is very sequential where each step builds on the previous, it was
very di�cult to split up the workload e�ciently compared to when doing the initial
research. Since it was not an option working with di�erent steps in parallel the
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process could at some time prohibit e�cient work. On the 
ip side, many steps was
well served by working in group, as discussions and brainstorming was a big part of
the work to be done.

Some steps in the process were just brie
y described in the literature which resulted
in a lot of time being spent getting a common understanding of concepts and ideas.
An example is the theory of constructing the context scenarios where it is brie
y
explained what their purpose is and only one generic example is given. Designing
context scenarios was viewed as an important step and took longer than expected
to �nalize due to lack of information.

So in summary, there were good aspects of the chosen design process that made
the work
ow clear and cohesive. There where also bad aspects in that the work
ow
became very rigid and the work became harder to split up in some stages. The
GDDP in regards to this study would probably be chosen again if the study where
to be redone because of the clearly de�ned and traceable steps, making very clear
that the design decisions are not based on guesswork but actual data and analysis
work. It is clear from some of the less thoroughly described steps that the process
is well suited to be repeated in other projects. To have earlier experience with the
process and interaction design would be very bene�cial when trying to �ll out the
less de�ned steps, as in many other �elds, much can be achieved through repetition.

7.4 Discussion about solutions

The four proposed solutions all have their advantages and disadvantages. The new,
standalone submission app alternative will not be examined any further because that
if Chalmers would have the resources to develop that system, they would probably
be better invested if they focused on improving the existing FIRE application. If
these improvements were made in order to minimize future maintenance, improved
integration with Canvas and add extra functionality it would end up with the same
advantages and disadvantages as a new, standalone submission app.

The �rst proposed solution to use Canvas right out of the box could be a serious
alternative. There is functionality for handling lab submissions and group man-
agement meaning it would look and work pretty well for students, but the grading
features is complicated and time consuming. The requirement to be able to split
workload between many teacher assistants is not possible to achieve in the system,
but could of course be done manually. Even though some functionality is not espe-
cially user-friendly it would still have the basic functionality for testing and grading
students performing lab submissions. The problem to set up a course to use the right
functionality could be solved by making a tutorial on how to adapt a Canvas course
in the best way to handle lab submissions. The main advantage of this solution is
that it requires neither developing resources or maintenance over time.

The idea of using one of the existing Canvas LTI extensions developed by others
would be great if there existed one that would have functionality to handle all
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requirements. There are some LTI extensions that do some of the work but they do
not support all, or nearly all, requirements.

There are two more alternatives that both require development and maintenance,
but on the other hand would deliver the superior experience for the users. One way
is to use the possibility of extending Canvas with a custom made LTI integrated ap-
plication. This solution would require some development resources, both for creating
the application in the �rst place as well as maintaining it. These resources would
not necessarily have to be spent up front, since Canvas has functionality to cover
most cases. Extensions could be developed continuously, adding streamlined func-
tionality over time. This would gradually specialize Canvas for its use at Chalmers
and enable a quick feedback loop between developers and course sta�. Functions
that are appreciated in Canvas can be kept, minimizing maintenance work, and the
parts that are not can be replaced by specialized functions.

The second development option is to use FIRE as a basis for a very small LTI
integrated application. FIRE functionality would largely be the same but authen-
tication and course registration could easily be connected to Canvas, removing the
need for students to register for each course in FIRE and for teachers to handle
students that are not registered to the course. This proposed solution would not
solve the problem of maintaining FIRE, which has been a big one according to our
interviews with the stakeholder of the project. However, if e�ort is put on FIRE,
its maintenance problem could probably be reduced.
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8 Recommendations

In chapter 6 several possible ways forward was described. Because there has not
been an LTI extension found that can properly mimic FIRE functionality, presented
are the following recommendations. Depending on priorities within the Department
of Computer Science and Engineering, each one of them can be a good next step in
the introduction of Canvas.

The two main propositions to consider, produced in this study, is using Canvas
out of the box and developing a small and dedicated application to streamline the
experience.

8.1 Canvas with dedicated LTI application

A Chalmers LTI app would be the best way to go, assuming any development
time can be dedicated. The reason for this is that it will o�er a more streamlined
experience when handling submissions, something that has become an expectation
after working with FIRE.

This solution o�ers a good compromise between minimizing maintenance work and
o�ering a good user experience for all course responsibles. It minimizes maintenance
because the code base is kept low since a lot of functionality from Canvas can be
used. The LTI application can be designed to meet all requirements that the course
sta�s have.

It is also important to not fall into the trap of PingPong, which many of the teachers
interviewed had a quite strong dislike of, despite not having properly tested it.
PingPong has a reputation of being hard to use and time consuming. Having the
future promise of an easier to use system might get the sta� responsible for the
courses to invest early into Canvas.

The complete generated custom design for a dedicated LTI is described in Appendix
F.

8.2 Using Canvas out of the box

Another possible solution is to utilize Canvas as it is. Canvas o�ers a fair interface
and most of the requirements of the course responsible sta� can be satis�ed without
spending any development time. As an additional bonus, there would be no code
base to maintain, making it a cheaper recommendation.
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As an aid, a tutorial was produced for completing the necessary basic tasks within
Canvas, see Appendix F.6.
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