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Abstract  
 

The recent growth of the software industry has drawn attention to strategies aimed at improving 

collaboration within the development team. Shown to frequently encounter dilemmas associated with 

cross-disciplinary work are User Experience designers and software developers, whose effective 

collaboration are essential for the success of the development process. Design systems have evolved as a 

response to the demand for efficient collaboration as a collection of reusable patterns and documentation 

used to establish a common language within software development teams. The popularity of using design 

systems within software development projects has grown rapidly in recent years, but little research has 

yet been conducted on its usability in development work.  

 

The goal of this thesis is to study design systems from a developer perspective, and evaluate its ability to 

facilitate the collaboration within software development teams. By building upon previous work on 

developer experience, this study proposes a method for assessing design system usability from a 

developer perspective. In this study, participating software developers were tasked with implementing 

user interface design in code with the help of a design system, followed by interview questions based on 

the Cognitive Dimensions Framework. Thematic analysis was used to analyze the data. Results provide 

insights into design system usability and developer experience. Findings include aspects of design system 

usability in general, such as the importance of developers' autonomy and flexibility of the system, as well 

as implications from the tested method in particular, such as the relevance of context of implementation. 

The results implicated an inherent dilemma of approaching design system development through 

conventions and best practices rather than with a systems theory and systems thinking perspective. 

  



Sammanfattning  
 

Senaste tidens tillväxt inom mjukvaruutvecklingsindustrin har resulterat i ett ökat intresse för att 

effektivisera samarbetet inom utvecklingsteamet. Två yrkesgrupper som påvisats stöta på dilemman 

associerade med multidisciplinärt arbete är de som designar och utvecklar mjukvara, vars samarbete är 

avgörande för utvecklingsprocessens framgång. Designsystem har vuxit fram som ett svar på en ökad 

efterfrågan på effektivt samarbete som en samling återanvändbara mönster och dokumentation som 

syftar till att etablera en gemensam vokabulär och inom mjukvaruutvecklingsteam. Trots att användandet 

av designsystem inom mjukvaruutveckling har ökat under de senaste åren har inte mycket forskning 

gjorts på dess användbarhet i utvecklingsarbetet.  

 

Denna uppsats syftar till att studera designsystem från ett utvecklarperspektiv, och utvärdera dess 

förmåga att facilitera samarbetet inom mjukvaruutvecklingsteam. Genom att ta avstamp i tidigare 

forskning kring utvecklarupplevelse föreslår denna studie en metod för att bedöma användbarheten och 

utvecklarupplevelsen av ett designsystem. Deltagande mjukvaruutvecklare fick i denna studie i uppgift att 

implementera gränssnittsdesign i kod med hjälp av ett designsystem, följt av intervjufrågor baserade på 

ramverket för Cognitive Dimensions. Tematisk analys användes för att analysera data. Resultaten ger 

inblick i användbarhet och designsystem i allmänhet, så som vikten av utvecklarens autonomi och 

systemets flexibilitet, samt implikationer från det testade design systemet i synnerhet, så som 

implementationskontextens relevans. Resultaten antyder att det finns svårigheter med att närma sig 

mjukvaruutveckling med designsystem genom konventioner och god praxis snarare än med ett 

systemteoretiskt perspektiv.  
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ABSTRACT
The recent growth of the software industry has drawn atten-
tion to strategies aimed at improving collaboration within the
development team. Shown to frequently encounter dilemmas
associated with cross-disciplinary work are User Experience
designers and software developers, whose effective collabora-
tion are essential for the success of the development process.
Design systems have evolved as a response to the demand for
efficient collaboration as a collection of reusable patterns and
documentation used to establish a common language within
software development teams. The popularity of using de-
sign systems within software development projects has grown
rapidly in recent years, but little research has yet been con-
ducted on its usability in development work. The goal of this
thesis is to study design systems from a developer perspective,
and evaluate its ability to facilitate the collaboration within
software development teams. By building upon previous work
on developer experience, this study proposes a method for as-
sessing design system usability from a developer perspective.
In this study, participating software developers were tasked
with implementing user interface design in code with the help
of a design system, followed by interview questions based
on the Cognitive Dimensions Framework. Thematic analysis
was used to analyze the data. Results provide insights into
design system usability and developer experience. Findings
include aspects of design system usability in general, such
as the importance of developers’ autonomy and flexibility of
the system, as well as implications from the tested method in
particular, such as the relevance of context of implementation.
The results implicated an inherent dilemma of approaching
design system development through conventions and best prac-
tices rather than with a systems theory and systems thinking
perspective.

Author Keywords
Developer Experience; Designer-Developer Collaboration;
Software Development, Design Patterns, Design System

CCS Concepts
•Human-centered computing → Usability testing;
•Software and its engineering → Collaboration in
software development;

INTRODUCTION
Agile development practices have evolved to enable rapid and
stable development of new software that can quickly adjust

to novel technological advances. The integration of User Ex-
perience (UX) into agile software development has been a
well-discussed topic within the software development industry
and an active research topic within academia, and has proven
to offer a multitude of advantages for the quality of the product,
user experience and team satisfaction [17]. Although clearly
rewarding when functional, recent research recognizes that
such cross-disciplinary integration and work is highly complex
and depends on equal trust and verbal communication within
the team in order to exchange design knowledge between team
members [4]. Despite being tasked with the common goal
to build quality software, developers and designers approach
software development from different perspectives, oftentimes
leading to friction between them [18]. Previous studies ex-
ploring methods for bridging the gap between design and
development have identified differences in vocabulary within
the team, late developer involvement [27] and lack of a shared
design vision [32] as a source to miscommunication. More-
over, Agile development, as described in the Agile Manifesto
[5], focuses on addressing software engineering issues, which
has shown to sometimes be at odds with the user-centered de-
sign tradition of UX designers [17]. As a result, multiple tools
and practices have been developed and tested over the years to
facilitate the task of communicating design, but redundancy,
mismatches and missing information are issues collaborating
designers and developers still manage in their everyday work
[27].

In recent years, the concept of design systems has gained pop-
ularity among industry practitioners, as an attempt to gather
helpful tools and practices into one communicative single
source of truth [30]. A standardized definition of the term
remains to be determined, but commonly entails a collection
of guidelines and resources used within development teams
to document information with the goal to facilitate the imple-
mentation of digital product design. The design system aims
to provide a shared language for all stakeholders — such as
managers, development team and marketing team — involved
in the software development process. Moreover, the arrange-
ment of user interface design into systematically organized
components resembles software developers’ way of structur-
ing components of code, which implies an improved software
development process as design practices approach developer
techniques.



This study aims to examine software development practices in
order to answer the following research questions:

1. How can design systems be defined and developed to im-
prove developer experience and usability?

2. How can design system usability be evaluated in terms of
developer experience?

Case settings
This thesis is conducted in collaboration with the software de-
velopment company Intunio AB, for whom the results of this
study will offer insights into how design practices affect their
employees’ internal communication and perceived working
experience. Intunio’s expertise includes working closely with
software development and user interface design in order to
create design systems and other digital products for their cus-
tomers. For software development companies such as Intunio,
and their customers, this thesis aims to provide guidelines and
best practices from a developer perspective for working with
design systems in the development processes.

BACKGROUND
This section presents previous research relating to systematic
organization of design, developer experience and designer-
developer collaboration.

Software development collaboration
Although tasked with a unified goal to build quality software,
developers and designers approach software development from
different perspectives, sometimes causing miscommunication
and friction in their collaborative work [18]. Moreover, a
systematic literature review showed that restricting factors
of the integration of User Centered Design and Agile meth-
ods include lack of design documentation such as wikis, de-
sign patterns and tool support and a shared understanding of
the design vision [32]. In a study evaluating practices for
delivering and interpreting interaction design, differences in
vocabulary within the team and late developer involvement
were identified as causes of miscommunication [27]. Further-
more, according to Brhel et al., communication for agile and
user-centered software development can be mediated through
artifacts such as prototypes, user stories and wireframes which
“should be used to document and communicate product and
design concepts, and should be accessible to all involved stake-
holders” [10, p. 22]. These types of artifacts are also called
boundary objects, which describes objects with the ability to
mediate information between actors from different cultural,
social and scientific backgrounds to facilitate cooperation in
diverse groups [34]. Moreover, developers do not always use
shared artifacts such as personas and scenarios, as designers
intend [7]. This indicates a need for shared information and
artifacts to be accessible and usable for the developer in order
to prevent lost information.

Systematic design in industry and academia
The practice of capturing design knowledge as a set of inter-
connected patterns was firstly adopted by Alexandrian patterns
for architecture in the 1970’s [3]. Within Human-Computer
Interaction (HCI) research, the concept of formalizing a shared

language of design patterns and practices in order to address
recurring design problems has been covered by researchers
since the end of the 20th century [35] [26]. Besides providing
a lingua franca — a common language — for all stakehold-
ers of a design project [14], pattern libraries also offer a way
for design to approach reusable software and object-oriented
systems [19].

Lately, industry practitioners have explored ways to approach
software development practices further through the formation
of design systems. A standard definition of the term design
system has not been established in either academia or indus-
try, where similar terms, e.g., pattern library and style guide,
tend to be used interchangeably [22]. However, a standard
definition of design system is “a set of connected patterns and
shared practices, coherently organized to serve the purposes
of a digital product” [21, p. 14]. In order to grasp the full
range and potential of a design system, a clear distinction from
similar terms is necessary. In the adopted standard definition,
the pattern library which is a broad set of design patterns or
reusable parts of the interface, the style guide containing styles
such as iconography, colors and typography and component
library which is a set of implemented design components, are
all subsets of the design system. According to this defini-
tion, a design system should also describe shared practices
i.e. “how we choose to create, capture, share and use those
patterns” [21, p. 12]. Moreover, this definition shares several
similarities with a commonplace definition of a system, de-
scribed within systems thinking theory as “a relationship of
parts that work together in an organized manner to accom-
plish a common purpose” [11]. The idea of using systems
thinking to address fuzzy, human-centered issues, such as the
ones emerging within software development, has been used
within design theory as well as other disciplines long before
the formation of design systems. This principle was originally
formulated in 1973, as a way to deal with societal problems,
described as wicked dilemmas, which should be approached
and responded to intelligently rather than as problems to be
solved [29]. Furthermore, the principle of using systems think-
ing to approach complex dilemmas has also been embraced by
Systems Oriented Design (SOD), where modern systems think-
ing and systems theory in the context of design, constitutes an
instrument for designers to address complex challenges [33].

Developer experience and usability
In order to optimize software development team performance,
a comprehensive understanding of developers’ perceived ex-
perience of working within various project environments is
essential [16]. Influenced by the ISO standardized concept
of UX [2], the concept of Developer Experience (DX) was
introduced as a way to address the experience of software
development [16]. In contrast to UX, DX addresses experi-
ence relating to the creation of software rather than the use
of software [23]. In turn, UX is commonly considered an
extension of the well-recognized and standardized concept of
usability, although they are sometimes used indistinctly [31].
The usability ISO standard describes it as “the extent to which
a system, product or service can be used by specified users
to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use” [1]. Similarly, in
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Figure 1. Developer Experience as described by Fagerholm [15]

the context of DX, research suggests evaluating the usability
of developer tools operationally based on comparisons using
the cognitive dimensions framework, as a way to approach the
subjectivity of DX in programming tasks [6].

Design system as a developer tool
Design systems have evolved as a response to a demand for
efficient collaboration and a common vocabulary within soft-
ware development teams. Unlike other commonplace tools for
communicating design, e.g. prototypes, personas and scenar-
ios, design systems are not primarily ’owned’ by designers, in
the sense that they do not always require designers’ expertise
to deploy, administer, operate or interpret them [14]. Design
systems can thus be considered a tool for all stakeholders
accessing it, particularly user interface developers who are
working closely with design. Evaluating the usability of a
design system as a developer tool, from a DX perspective,
could thus improve its ability to support developer practices
and improve developer performance. Moreover, as described
in Figure 1, DX includes various mental processes and envi-
ronments forming through interactions between the developer,
other people and “artifacts that a developer may encounter as
part of their involvement in software development” [15, p. 55].
Based on this notion, various studies have been conducted to
evaluate the DX of developer tools. For instance, intrinsic
motivation and sense of flow have shown to be significant
predictors of DX when evaluating the DX of an Integrated
Development Environment (IDE) [24]. Furthermore, the cog-
nitive dimensions framework have successfully been used to
evaluate usability of an Application Programming Interface
(API) and provide new insights into API design and usability
from a developer perspective [28].

METHOD
This section presents the design and setup of the study con-
ducted to explore methods for evaluating design system us-
ability from a developer perspective.

Study design
The goal of the study was to examine design systems as a tool
used by developers to interpret a communicated design vision,
and explore methods to evaluate what aspects of a design sys-
tem are associated with a positive developer experience. By

adapting a method based on the framework of cognitive di-
mension [28] — formerly used to evaluate usability of an API
— valuable views and aspects of design system usability were
explored. The main part of this study consisted of a coding
task, where 5 participating developers were tasked with imple-
menting user interface design in code, with the assistance of a
design system. Qualitative data connected to design systems
was collected through a semi-structured interview based on
four framework-adapted usability aspects; understandability,
abstraction, reusability and learnability. Information concern-
ing participants’ working tasks and experiences of working
with design systems was also collected prior to the coding task
through semi-structured interviews.

Design system
As the purpose of this study was to explore methods to evalu-
ate design system usability, the creation of the tested design
system was not of main focus, but rather the methods of eval-
uation and aspects of design system usability in general. As
such, the collaborating company Intunio provided basic com-
ponents from their digital design system, Kitten, which were
implemented in code for the sake of this study. For the rapid
creation of a testable design system, a service for creating
design systems, zeroheight, was used. The structure of the
tested design system was largely shaped by the utilized service,
influenced by Google’s Material Design and based on Khol-
matovas’ definition of design systems. As shown in Figure 2,
the Kitten Design System included resources such as logo-
types, icons and color variables, a style guide declaring color
schemes, typography and layout and design, implementation
of modular UI components and application principles.

Adaptation of API usability evaluation method
The subject of evaluating usability of programming environ-
ments is multifaceted and inherently subjective due to indi-
vidual programmers’ habits and preferred ways of working.
Researchers within similar areas have historically approached
this dilemma by using the cognitive dimensions framework,
describing the usability of notational systems [6]. In one em-
pirical study, [28] this framework was used to evaluate the
usability of an API. Similar to design systems, APIs provide
access to reusable library components, and aim to support
developers in their programming tasks by enabling modularity
and abstraction of implementation details. In order to assess
what characteristics of an API makes it easy or hard to use,
the API usability study adapted Clarke’s dimensions of API
usability and the cognitive dimensions framework [12], and
conducted a study where students and professional developers
were recorded while solving a number of programming tasks
using an API.

In order to evaluate the usability of a design system, this study
adapted twelve interview questions based on four essential
usability aspects from the cognitive dimensions framework
[28]. The interview questions were adapted to conform
with this study’s goal to investigate design system usability.
Rather than to prove usability, the interview questions aimed
to discover the existence of usability issues in the design
system, which is the recommended approach to the cognitive
dimensions framework [13]. The purpose of the interview



Figure 2. Detail view of the Kitten Design System structure

questions was to evaluate the design system usability against
the following four usability aspects: understandability,
abstraction, reusability and learnability. In the present study,
understandability was adapted to address the effort required
to understand the semantics of the design system’s features
based on names and documentation. Abstraction refers to
whether the abstraction level of the design system aims
to simplify without disabling the possibility of complex
operations. Reusability examines whether the design system
facilitates developers’ capacity to implement design with
concise, maintainable and reusable code. Lastly, learnability
explores if the design system enables developers to learn how
to use the design system easily and incrementally. For this
study, the twelve adapted interview questions were, as follows,
grouped by the usability aspect they target.

Questions regarding understandability:

1. Do you find that the design system maps to the design
scenario in the way you expected?

2. Do you feel you had to keep track of information not
represented by the design system to perform the task?

3. Does the code required to solve the tasks match your
expectations?

Questions regarding abstraction:

4. Did you make any decisions or assumptions of your
own, in order to implement the design scenario?

5. Could you rely on any conventions or previous expe-
riences when using the design system to perform the
task?

6. Do you feel the design system helped you perform
complex subtasks?

Questions regarding reusability:

7. Does the amount of code required to implement the
design seem about right, too much, or too little for
you?

8. How easy was it to reuse code?

9. Do you feel you had to choose one way (out of many)
to perform a subtask in the scenario?

10. Do you feel you would have to change much of the
code to use the design system components in a different
project?

Questions regarding learnability:

11. Once you had performed a few subtasks, was it easier
to perform the remaining tasks?

12. Do you feel you had to learn many details specific to
the design system to perform the task?

Figure 3. Code documentation of button component in the Kitten Design
System



Study setup
In order to gain insight into design system usability from a
developer perspective and investigate methods for evaluating
design system usability, this study consisted of one initialising
interview, one coding task and one finishing interview. Both
interviews and the coding task were conducted and recorded
using the video conference call application Zoom. Interviews
were transcribed and data was collected from the transcriptions
using a thematic content analysis.

Coding task
To explore the research questions, five developers were re-
cruited and tasked with implementing design with the support
of a design system. The design system provided participants
with documentation describing how to use UI components
and other assets needed to solve the task, as shown in Fig-
ure 3. A development environment was set up prior to testing
in order to obtain consistency throughout the study, and keep
participants focused on the main purpose of the study. The
environment was set up using the command-line-tool Create
React App, which sets up a pre-configured web application
with the JavaScript framework React. The recruitment process
had assured all developers were accustomed to the chosen
technologies.

The design scenario i.e., a single-page design mockup to be
implemented by the developers in the coding task was also
developed. The goal of the design scenario was to create an
authentic setting where the developers would use the design
system as a tool to implement design. Participants were en-
couraged to use the design scenario as a guide to help them
explore the design system rather than replicating every pixel
of the design, giving them space for their own interpretation in
order to stimulate participants’ thoughts, reactions and reflec-
tions while performing the task. For the sake of maintaining
consistency throughout the study, and to make sure all devel-
opers solved the same tasks, the design scenario was divided
into 6 subtasks. If, at the end of the test, any of the developers
had not completed one or several of the subtasks, they were
performed together with the conductor of the study. The tasks,
as represented in Figure 4 were:

1. Download the logotype asset from the design system and
use it in the code.

2. Find design tokens for typography and apply the intended
styling to the text.

3. Find and use the input field component correctly inside the
form component.

4. Find and use the form component correctly to validate the
input field and checkbox components.

5. Find and use the checkbox component correctly inside the
form component.

6. Find and use the button component correctly to enable sub-
mission when validation succeeds.

Method for data collection
In order to learn more about participants’ working tasks, views
and experiences, interviews were conducted with participants

Figure 4. The design scenario divided into 6 subtasks

prior to introducing the coding task. As the purpose of the
initial interviews was to explore participants’ attitudes towards
designer-developer collaboration and design systems, they
were conducted in a semi-structured manner, enabling the con-
ductor to abbreviate and add questions to the original protocol.
Secondly, the coding task was initialized by introducing par-
ticipants to the purpose and layout of the task. After being
asked to implement design with the help of the design system,
participants were handed the design system, a pre-configured
development environment and a mockup describing the user
interface design they were tasked to implement. Moreover,
participants were asked to follow the thinking-aloud protocol
in order to record their experience fulfilling the task. The
thinking-aloud protocol is frequently applied within usability
testing to collect data from users through verbal reports while
using a system in order to explore their mental processes as
they develop [8]. Recordings from the thinking-aloud were not
analyzed, but aimed rather at encouraging and initiating discus-
sions during the second interviews. Lastly, based on the twelve
adapted interview questions, interviews were conducted in or-
der to identify usability issues of the design system. For this
interview, the semi-structured format was chosen to enable
additional abbreviations and explanations to the original set of
questions.

Methods for data analysis
The adapted API usability study used usability tokens to an-
alyze data from participants’ performances. However, since
the present study was of a more explorative nature, a thematic
analysis [9] was performed to identify valuable themes related
to design systems and DX as formulated in the first research
question. The thematic content analysis offered a more flexible



Participants

Number Position

1 Developer and designer
2 Developer with design background
3 Front-end developer
4 Front-end/app developer
5 Front-end developer

Table 1. Participant number and position

approach to data analysis than structured usability tokens, al-
lowing new insights to emerge from the data [20]. After being
conducted, interview recordings were transcribed and recur-
ring themes relating to the first research question were noted.
All transcriptions were reviewed and for each participant ad-
dressing a topic relating to one of the themes, the participant’s
number was assigned to that theme. The second research ques-
tion regarding method evaluation was subsequently assessed
against the four adapted usability aspects from the cognitive
dimensions framework.

Ethics
Prior to being introduced to the setup of the study, participants
were asked to give their oral consent to participating. Partici-
pating in the study included being recorded during interviews
and thinking-aloud sessions and having the data stored for
analysis and documentation of results. Participants were also
informed about the study’s publication context and their role
and anonymity in the study. All participants have given their
oral consent to participate in the study.

RESULTS
The results of this study present themes emerging during par-
ticipant interviews regarding the definition and evaluation of
design system usability from a developer perspective.

Participants
Participants of the study included five male developers from
the collaborating company, Intunio. Their experience of work-
ing with the implementation of user interface design (front-end
development) ranged from 3 months to 13 years, and two of
the developers also had one to three years’ experience working
as software designers. None of the participants had previous
experience of working with the tested design system, although
all of them were familiar with the term and did have experience
of working with other design systems, style guides or compo-
nent libraries. All developers followed an agile methodology
in their everyday work. Interviews were held in English and
Swedish, and interview responses in Swedish were translated
into English by the author of this paper.

Usability themes
To answer the first research question: How can design systems
be defined and developed to improve developer experience
and usability?, four themes connected to improving design
system usability for developers emerged: 1. effectiveness and
effort, 2. autonomy, 3. flexibility and complexity and lastly,

4. documentation and component code. Secondly, themes re-
garding the second research question: How can design system
usability be evaluated in terms of developer experience?, were
identified and analyzed based on the adapted usability aspects,
understandability, abstraction, reusability and learnability.

Effectiveness and effort
Three out of five developers expressed thinking the given de-
sign was easier to implement with the design system code
components than they had initially estimated (P1-3); they sat-
isfied with being able to create a functional and aesthetically
pleasing user interface in the short amount of time (approxi-
mately 2 hours) allocated for the task, with a rather low effort
(P1-3, 5). For example, participant 1 described the task being
less complicated than initially estimated: "When I received the
design, and I thought about how I would implement it, then it
was easier to implement than what I had expected, and that
was thanks to the design system". Participant 2 felt the results
were better than what would have been expected, based on the
effort put in: "It looks nicer than what I did, like I didn’t do
so much, and the end result was pretty satisfying. And that
process in and of itself is pretty satisfying".

Participants felt especially satisfied with having the validation
of form and styling of input fields already implemented and
ready to use, as they experienced these being the most compli-
cated subtasks (P1-3, 5). Participant 2 for instance, expressed
being relieved to avoid arduous tasks: "Form validation is a
pain. Getting icons into [an input field] at the right position
is an absolute pain, and it was nice that those problems were
solved already... Having that be done already is extremely
satisfying".

Four respondents (P1-4) also mentioned the benefits of cre-
ating one set of reusable components and treating that as the
single source of truth for implementation in order to avoid re-
dundant work or unnecessary discussions. Participant 1 stated:

“You have sort of a central point that defines how everything
should be ... and then the people building the different apps
don’t have to communicate with each other, but everything is
already in the design system".

Autonomy
Although experiencing a sense of relief for receiving some is-
sues solved and implemented, four participants also expressed
not minding, or even preferring, to implement the components
themselves rather than receiving them solved (P1, 2, 4, 5).
These developers also believed the design system might suit
other developers, who have other preferences or less experi-
ence, better than themselves (P1, 2, 4, 5). Participant 4, for
example said: "If I have to do a bit more work to connect
things and put them together, I don’t think that’s particularly
hard or difficult", and continues: “If you haven’t worked with
this for very long, or not done a lot of this ... then you might
think this is difficult and that it’s a lot more convenient to
just get it pre-made". Participant 5 also expressed how others
might appeal more to the idea of using implemented compo-
nents: "I guess I’m pretty unique in thinking [the language
used to style coded components] is fun, and I’m pretty good
at it. Many people love these things to avoid having to do it
themselves".



All developers expressed being very familiar with implement-
ing design similarly to how the design system code compo-
nents were set up, and some developers experienced that the
design system made them less able to make controlled changes
than if they would have set it up themselves (P2, 4). Partici-
pant 5 for instance, expressed being familiar with the code: "It
could very well have been me who wrote these components, so
I know how it all works with reusing small components ... how
to build them to be generic". Participant 2 explained feeling
constrained without complete ownership of the components:

“When I’m writing my own [components], in order to center
the button I would have edited the button component, ... but
now ... I know that I’m not really supposed to touch the design
system, because it’s not really my code".

Especially when touching on the issue of getting design re-
quirements not covered by the design system, all participants
expressed concern regarding the handling of design cases dif-
fering from the design system. Three participants particularly
mentioned feeling constrained by using a design system and
not fully in control (P2-4). Participant 3 for example, described
a case where the lack of ownership could lead to complicated
situations with other stakeholders: “It’s convenient in one way,
but it’s also less convenient if a customer says like ’... we want
..., something that [the design system] doesn’t support’, then
you’re all of a sudden ’what do I do now?’".

Three participants (P1, 4, 5) suggested involving developers
in the process of updating the design system in order to solve
this dilemma. Participant 1 explained how the process of de-
veloping and updating the design system should be responsive
to its users: “The design system also needs to develop and
satisfy the needs of the developers ... You have to make sure
that both developers and designers who use the design system
have the ability to give feedback to those who are responsible
for the design system".

Even though the design system would provide instructions on
how to handle such cases, participants were uncertain about
whether the design system should allow being overridden,
as they felt uncomfortable deviating from the design system
(P1-5). Two participants also pointed out not wanting the
design system too flexible, allowing incorrect usage (P1, 3).
Participant 3 described this "If I were to go in and override a
button here ... I don’t know exactly how I would have done
that ... If that’s even something you want to push, I don’t know
if you want to move away from the Intunio-branding design".
Two developers also requested instructions on how the design
should scale across different screen-sizes (P1, 2). Participant
1 said: “I was worried when I saw that if I resized the screen,
that [the input fields] didn’t scale up".

The feeling of being constrained also concerned some partici-
pants, since they feared it might slow down or block new ideas
and narrow down the solutions base to what is only available
in the design system (P1, 2, 4). Participant 2 explained how
design systems can block problem-solving:

A design system can describe a popup window and what
developers will do is they will implement a popup window
for every action that you do ... then, well, our popup

window looks exactly like it should in our design system,
but in reality a popup window is not the correct solution
to this problem. And I think design systems mask that
problem a little bit too much, because it’s easy to feel
that you have done right.

Two developers pointed out that design systems can help them
keep other stakeholders in the team happy by finishing on time
or maintaining the designer’s vision, but that they themselves
might have to make compromises in their code or feel less
creative (P2, 5). Participant 2 described balancing between
his own preferences and the aspirations of other stakeholders:
"You have to strike a balance between keeping everybody
happy, I mean you want to keep your codebase happy, you
want to keep your manager happy who wants the feature done
in time, but you also want to keep the designer happy because
they designed it in a given way and you want to respect that".
Participant 5 expressed accepting less autonomy when needing
to speed up the development: "I think it’s a lot more fun to
build [the components] myself, but it’s not as efficient ... It
kind of depends too, of course if you just want to get something
done as quickly as possible it was nice to avoid everything".

Flexibility and complexity
Four developers expressed wanting more flexibility or cus-
tomization when using the design system (P2-5). Participant
5 said: "It turned out exactly the way the design looks. Just
used the components, didn’t need to write any [styling] of my
own basically. A disadvantage with that, though, was that
some things are difficult to adjust yourself". Three developers
claimed to accept having to abide by the design system’s rules
if the problems it solved were more complex, as the rewards
were higher (P1-3). Participant 2 stated the following:

Centering my button was... I had to do that in one specific
way, and the system did not allow me to do it in the way
that I actually preferred. Then, the form also had to be
done in a specific way, but that’s much more acceptable
because the reward I get for doing it in the form’s way is
much higher because I get all of the other verification for
free.

Three participants also pointed out that the definition of com-
plexity is different from developer to developer (P2-4). Partic-
ipant 4 said: "It is also a matter of definition, because what I
think is complex, other people ... might not find complex and
the other way around". One of the developers (P2) expressed
that the difficulty with using a design system as a developer
is that the level of complexity is static and not customized
to your competence level: “it’s always a trade-off where you
position yourself on a level between complexity and freedom
. . . if somebody asks you to ... implement this code with this
design system, . . . somebody else makes the decision for you”
and continued: “I think it’s much more of a human problem
than a technical problem, which level of complexity you want
in your design system is depending on which humans will use
it”. Two participants (P1, 4) also claimed that the issue of
a design system is never the design system itself, but how it
is implemented and used within a context. Participant 4 ex-
plained this: “the design system as a system, I don’t think, can
lead to anything negative, but other things could be affecting.



And that if it doesn’t fit the project ... it’s not the design sys-
tem’s fault that it doesn’t fit ... it’s probably rather that you’re
using the wrong design system”.

Documentation and component code
When evaluating the documentation which described how to
use the design system, all developers stated that they generally
do not read documentation thoroughly or not at all, until re-
ceiving an error (P1-5), and that this was their approach when
solving the implementation task as well. Participant 4, for
instance explained: “I didn’t read the documentation at all
until it went wrong ... I think it’s easier to just do something
first and if it goes wrong you can adjust that, most times it’s
not completely wrong".

Participant 1 explained that his reluctance to read documenta-
tion thoroughly was based on previous experiences of using
documentation with too much information, resulting in wasted
time and relevant information going missing: "that might also
make you skip reading texts because you know ... that effort
you put into reading a text, it’s not necessarily worth that
effort because you don’t know beforehand if it’s going to be
relevant". Three participants (P1-3) pointed out that the design
system should only contain the most relevant parts and not
be bloated with edge cases, as that could also contribute to
“obfuscation by information”.

Regarding using pre-coded components, some participants
(P2, 4) pointed out the importance of using code that stays
true to the language they are written in and that using the
components to write code should not feel any different from
other code you write in that ecosystem. Participant 4 said:
"The design system shouldn’t make you have to write code
in a specific way, but it should rather work like the language
you’re using".

Design system usability evaluation
Besides providing general insights into developers’ experi-
ence of using design systems, the second interview aimed
at examining the methods used to evaluate a specific design
system based on the four usability aspects: understandability,
abstraction, reusability and learnability.

Understandability
Answers to the questions regarding understandability, i.e.,
the effort required to understand the semantics of the system
based on names and documentation, showed that participants
found the design system matched the design scenario very well,
almost to the point that were concerned whether the design
system would scale to other cases (P1, 2, 4, 5). Participant
2 said: “all the information was there ... but my question
is whether this would scale to a different example". Two
participants also mentioned being concerned about the design
system not scaling across screen sizes when addressing the
abstraction aspect (P1, 2). Participant 1 said: "I had to make
a decision on how [the logotype] should work on different
screen sizes".

Abstraction
Regarding the abstraction aspect i.e. whether the design sys-
tem’s abstraction level caters to usability, three participants

requested the design system should provide them with clearer
instructions how to override cases not matching the design
scenario (P2, 3, 5). For example, participant 5 said:"If you’re
going to handle special cases, that might be a bit difficult,
perhaps".

Moreover, in relation to the abstraction aspect, the findings
showed that four participants (P1-3, 5) requested more detailed
information about how to position the components on the
screen. Participant 1 also expressed wanting more information
about positioning elements on the screen when addressing
the understandability aspect: "the design system didn’t cover
everything I wanted to do. I would have wanted to know
more exactly where to place the logo and the design system
didn’t specify that". Moreover, participants were not satisfied
with having to wrap the components in more code in order to
position the components or add extra styling to them (P2, 4,
5). This was discussed by one participant when addressing the
reusability aspect, as he thought it added unnecessary code
(P3). Participant 2 expressed preferring to do things differently
if he was writing production code: “I would have done things
differently, like for instance I wouldn’t have been satisfied
with adding an extra [content division] element to center my
button”.

Reusability
Although the adapted method focused mainly on identifying
usability issues in the tested system, results from interviews
also included aspects of using the design system the partic-
ipants were content with. The questions regarding reusabil-
ity, i.e. whether the system facilitates reuse and conciseness,
showed all participants agreed the amount of code required
to implement the design was about right (P1-5), enough to
prevent the codebase from bloating without compromising the
readability of the code (P2-5). Participant 4 said "you can do
these things ... so that it produces very very little amount of
code, but completely incomprehensible, and that’s not good.
No, I think this was just about right".

However, three participants pointed out that the test case was
too narrow or not complex enough to decide whether it facil-
itated reuse of their own code (P2, 4 ,5). Participant 2 said:

“inside my own code there wasn’t enough kind of complexity
in the app to reuse my own code". Two participants also men-
tioned the design system not covering enough use cases to be
used in a real project (P2, 3). Participant 3 said: "for a larger
project ... I think ... this had perhaps covered 5 percent of the
entirety".

Learnability
When addressing the learnability aspect, i.e. whether the de-
sign system usage can be learned easily and incrementally,
four participants declared learning rather quickly how to use
the components by reading documentation, breaking it down
into smaller tasks, starting with what they assumed they under-
stood, and trying as they went on (P1-3, 5). Participant 1 for
instance expressed this: "When I had used one component, I
was able to ... in the same way, use other components and also
find documentation for those components easier". Participant
4 felt the test case was too narrow to know whether the design
system facilitated learnability: “It’s a pretty short ... example



... to properly feel that effect, it’s not that many tasks you’re
asked to do, so they can be done pretty quickly".

DISCUSSION
This section will discuss implications from the findings pre-
sented in the results section and bring forward topics of inter-
est. The discussion is divided into two parts based on the two
research questions.

Implications for improved design system usability
Autonomy and flexibility
Results from the semi-structured interviews showed auton-
omy and flexibility were key aspects when addressing design
system usability from a developer perspective. Autonomy
and flexibility, such as ownership of code and facilitation of
customizability, were not only recurrently mentioned by devel-
opers as important factors throughout the interviews, but also
influenced developers’ opinions when discussing other themes.
The importance of autonomy and flexibility within DX corre-
sponds to previous research results showing that developers
appreciate using systems that make them feel creative or pro-
fessional, rather than the system being creative or professional
[23] [25].

The findings of this study showed participants were not satis-
fied when the design system ’forced’ them to solve tasks in one
particular manner, and when having to deal with cases diverg-
ing from the design system. For this aspect, the participants
expressed a need to feel ownership of the code components,
in coherence with previous findings which shows that sense
of control is a significant predictor of DX [24]. In order to
incorporate ownership into the design system, participants
suggested involving developers in the development process
and considering them users of the design system. The notion
of developers as users of development tools was explored by
Kuusinen et al., who argued that an increased understanding of
developers’ dualistic role of being both producers and users of
software can assist the improvement of project environments
[23]. Correspondingly, participants’ concerns that the tested
design system could limit their autonomy and flexibility might
also have been a contributing factor to why all developers
felt the system might suit other developers better than them-
selves. Moreover, the findings illustrated the participants were
willing to compromise their autonomy and flexibility only if
the design system helped them avoid difficult, complex or
boring tasks or to avoid redundant work or redundant commu-
nication with other team members. However, as pointed out
by the participants, preferences regarding the demarcation of
such tasks is highly individual which calls for compliance and
customizability in the process of systemizing design and code.

Context of use
The development process or the context of use of the design
system was also found to be a crucial factor when evaluat-
ing the usability of the design system by participants, who
recurrently pointed out their concern with whether the design
system would scale across different projects with different
scopes. These findings indicate that there is an inherent diffi-
culty of evaluating design systems separate from the process
or the context of which it is implemented and used. Two

participants explicitly acknowledged that the implementation
context plays a fundamental part in evaluating the success of
the implementation of a design system in a project case, rather
than the design of the design system itself.

In turn, the contextual aspect of design system usability corre-
lates to fundamental aspects of systems thinking, mentioned
earlier as an instrument to approach wicked or fuzzy dilemmas,
subsequently adapted by SOD to address complex challenges
by designers. As emphasized by one researcher within the
area of SOD, the scope of projects within software design
and service design, such as design systems, is often limited
and “the framing of the projects in these cases tends to be
set by commercial interests only or conventions or directed
by best practices instead of through active inquiry” [33, p. 3].
This researcher also suggests systemizing design should fo-
cus less on the resulting object and more on the complexity
emerging from the interrelation of objects on a system level, in
order to reach solutions that combine technological, social and
commercial considerations for each individual case. Similar
critique was communicated by some participants when talking
about how they thought design systems could narrow down
the solutions base within the software development process if
the design system did not respond to its context of use. The
notion of focusing less on best practices and conventions, and
instead letting the fuzziness of each case determine how a
shared set of practices and patterns can be approached to avoid
wicked dilemmas within the process also implies that there
in an inherent difficulty of using a service for documenting
design systems, such as the one used in this study. As the
customizability of such services are limited, the structure of
all design systems documented using the service will rely on
such conventions or best practices, rather than corresponding
to the fuzziness of each particular case. This is perhaps a
contributing aspect to why some participants had a hard time
evaluating the appropriateness of the design system in regards
to the scope and the scalability, because its structure was de-
termined by something other than the implementation case, as
the context of use was not properly incorporated in the test.

Documentation
Results also showed how participants approached the doc-
umentation in the design system, which was not predicted
by the usability aspects. This showed participants generally
do not read the documentation thoroughly, but rather try the
code out, and then go back and fix things that do not work,
and that this was also the case when using the tested design
system. Similar to what participants expressed about using a
design system in general, they pointed out that they were more
likely to read documentation if it rewarded them by helping
them solve complex tasks such as handling an error. This im-
plies that participants generally approach the documentation
in the design system autonomously, absorbing the information
needed to solve their task through the documentation, rather
than being guided by it.

Design system usability evaluation method
Based on the findings, the biggest drawback of the used
method is that it is not extensive enough to evaluate all four
adapted usability aspects properly, which some participants



mentioned regarding both reusability and learnability of the de-
sign system. Moreover, it showed the method did not provide
answers strictly connected to the usability aspects, as some
issues were found when discussing other aspects and some
themes emerged which were not predicted to be found by the
usability aspects at all. The evaluation against the four us-
ability aspects did, however, find usability issues in the tested
design system, such as the scaling of the case and the screen
sizes. Furthermore, the thematic analysis provided findings
connected to design system usability from a developer perspec-
tive such as the importance and individuality of autonomy and
flexibility and how participants approached documentation of
design and code in combination. The evaluation of the tested
design system also highlighted the importance of contextual
factors, as mentioned earlier, such as the working processes,
the project to apply the design system on and the people us-
ing the design system. Future research could study developer
experience and usability on real-life cases in existing projects
to consider important contextual variables in the study. Us-
ability perspectives from other users of design systems, such
as designers and managers, could also be explored in future
work.

To summarize, design systems have a multitude of applications
within project cases and organizations, making the evaluation
of such a tool extensive, complex and fuzzy. Moreover, this
study was limited to evaluating usability aspects of design
systems from a developer perspective. The findings were also
limited to the perspectives of the 5 participating developers,
and serves as an exploration of the topic of design system
usability and DX. The results of this study highlighted the
difficulties and the lessons to be learned from approaching
such a system as a development tool, and evaluating it with
regards to its DX. The results implicated that rather than con-
sidering a design system as a deliverable object for evaluation,
the benefits of using a design system within software devel-
opment projects reaches its full potential when applied onto
an individual project case as a set of practices and patterns
to approach fuzzy dilemmas emerging within that particular
case.

CONCLUSION
This paper examined software development collaboration
through the theoretical lenses of DX and Systems Oriented
Design and presented a qualitative study on design system
usability from a developer perspective. It adapted a method
designed to assess API usability by endorsing participants
to solve a programming task using the design system and
following up with semi-structured interview questions based
on the cognitive dimensions framework. The study was con-
ducted on five developers, and results included participants’
perceived usability issues emerging from the semi-structured
interviews regarding using the design system in the program-
ming test. The contribution to the field includes a deepened
understanding of design system usability and DX in general,
and a method for evaluating design system usability for devel-
opers in particular. Findings showed autonomy and flexibility
were important factors when addressing design system usabil-
ity from a developer perspective. The importance of context

of use when evaluating design system usability was also dis-
cussed, which subsequently implied an inherent difficulty in
relying on best practices for design systems, rather than cre-
ating patterns and practices to approach dilemmas emerging
within each unique project case.
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