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ABSTRACT

This paper presents an evaluation of creativity support cues in a
mock-up generator for designing a module-based mobile application
to help spark ideas during the design process. After an initial test
with four types of creativity cues (Sparks) potential for assistance was
discovered in all four types (hand-holding, informative, bad example,
challenging) between participants with various amount of design
competences and experience. The mock-up generator, developed with
Vue.js, consists of a version with and without creativity support was
evaluated. The prototype was based on Visiolink’s (digital publishing
company) approach to module-based releases, and was expanded with
the aforementioned Creativity Sparks for the comparative evaluation.
The feedback from the participants showed the version created with
Sparks was preferred both in terms of usability of the system and
the final design, with a significant difference found in the Hedonic
qualities. Most of the participants reported the Sparks having an
impact on their design decisions and big-picture planning of the mock-
up creation.
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1 INTRODUCTION

During development, prototypes are essential for multiple reasons
- they can provide customers with visual feedback along with tan-
gible interaction and can also be used as a discussion point should
there be misunderstandings regarding the design or functionality.
They also provide a visual common ground between the customer,
project management and developer. Making changes to the pro-
totype instead of the final solution increases the efficiency of the
project, since less iterations will be needed when implementing the
final design. By prototyping, the process of design becomes more
time-efficient and less resources are spent for reaching a desired
result.

In a study by Elveruma and Weloa [8] it was discovered that
prototypes play an important role in various stages of develop-
ment. The benefits of prototypes allows a team to explore concepts,
reduce technical uncertainties and provide characteristics about
the product requirements. In Human-Computer Interaction (HCI),
prototyping is often used in the early phases of a project to ex-
plore possibilities, determine requirements and, through iterations,
progress the development. Since the prototyping phase has a big
influence and the potential to improve the whole pipe-line of a
project, it is worth identifying how the process could be further
improved.
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A digital publishing company called Visiolink [20] became a
point of interest for the project, since they develop customer solu-
tions in form of apps with customisation tailored to each individual
customers. These kind of processes can become more efficient by
introducing prototypes to showcase design choices and functional-
ity. Visiolink develop "News Modules" solutions [19], which allows
the media house customers to customise their application with
certain modules that display their content (e.g. narrated articles
or podcast modules). Since the development of Visiolink solutions
might take several months, a tool to reflect the customers’ design
choices before starting development would optimise the workflow.

In order to optimise the prototype phase in a project, assistance
and guidance tools can be used. An example of such tool could be
seen in Clippit - the Office Assistant introduced in Microsoft Office
(1996) [22], whose goal was to assist the user of Office products by
guiding their work and prompting suggestions or hyperlinks on
the screen. Clippit was met with a mixed set of responses - some
deeming it annoying and counter-productive, while others finding
it helpful at guiding their work. It is not unusual to get stuck while
carrying out a task, which can result in frustration and decrease
in quality of the end product - this issue can be addressed by the
assistance tools.

The aim of our research would be to distinguish the different
approaches to assistance in prototyping, evaluate their quality and
effectiveness and suggest the most optimal solution for designers
of any level of expertise. Since we are pursuing a design-oriented
research (due to our interest in Visiolink’s solutions), the assistance
cues would be investigated in the area of prototyping for a User
Interface (UI) design workflow. The following hypothesis was for-
mulated in order to help us determine the approach to the project:

"Assistance cues will have a beneficial influence on the design phase
and the quality of the end result of a mock-up creation tool for a UI
product.”

With the hypothesis formulated, the next steps were to research
related work and state of the art solutions in the area of prototypes
and assistance/guidance tools, in order to gain a better understand-
ing on the principles and applications in the field of design.

2 BACKGROUND

To gain a better understanding of the intent, design and implemen-
tation of assistance cues, and to understand the prototyping process,
the following background research was done.

2.1 Related Work

In a paper by Lockerbie and Maiden [12], they developed a "Bright
Sparks" implementation, which is based on supporting design think-
ing and creative problem solving. Their solution implements Sparks,
which are questions to evoke creative thinking - it puts the reader
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in a di erent context of thinking and planning by the use of abstract
scenarios and ctional or real-life personas. This way the Sparks
aim to shift the thinking process into a perspective that makes
use of strong qualities and traits of said persona (e.g. James Bond -
ability to solve problems under stress) and apply it to the context of
the task at hand. This approach expects creative thinking from the
user in order to apply the abstract thought into tangible solutions

to problems - to Spark creativity, thus the name "Sparks". Results
from the study show that their implementation provided evidence

of e ectiveness in regards to creative thinking.

Giving users creative support in both a health-care and news
journalist context has been explored by Maiden et. d4[[ 13.

In their works they discovered that creativity support is used to
resolve risks at a manufacturing plant in a risk management process,
and that it can be used to help journalist nd new angles on news
stories. Both studies include creative support for di erent target
groups and the results revealed the implementation to be more
e ective when compared to the original techniques used without
the creativity support.

In a study by Frich et. alIq they compared di erent creativity
support tools (CST) used in HCI. CST can be de ned as tools used to
help users to make creative discoveries [11]. They grouped trends
and tendencies into categories such@sative processasdtarget
groupamong others. Within the investigation it was discovered that
idea generation was the most popular creative process, designers
being the most popular target group for CST, and experts being the
most popular level of expertise. A summary of ndings from said
paper was formulated a$A Creativity Support Tool (...) is employed
to positively in uence users of varying expertise in one or more distinct
phases of the creative procg4§]. This de nition points towards a
more contextualised approach instead of one-size- ts all approach
where the types of users should be addressed.

Inie and Dalsgaard]]] present a qualitative study on how 20
professional interaction designers utilise idea management, which
is the process ofcapturing, developing, organizing, retrieving, and
sharing idead[11]. It was further discovered that in order to develop
the best creativity support the focus should be on the target user
and not the product being created and furthermore understand
both what the user is doing andavhy.

Ideas and creativity are associated with each other and both
are often an essential part of the design process, but one is not
guaranteed to be able to ideate e ciently through the entirety of
the process, as described by Dorst and Crdsghere can be no
guarantee that a creative “event' will occur during a design process..
[7]. The study addresses the creativity in the design phase as a
problem solving task, where it was discovered that introducing
information related to the context could lead to simplifying the
design problem, which would occur to the designers as a creative
event or idea. This further reinforces the intent of implementing
Creativity Sparks as even a kick-starter for design ideas - while
they might not give an exact idea and provoke creative thinking
towards a speci ¢ goal, Sparks can be used on a low level "seeding"
of a thought that could potentially expand into a nal solution.

The concept of design thinking is based on fast learning, idea gen-
eration and fast prototyping, where the Bright Sparks could prove
e ective for designers, since new ideas are essential for creative
designing and help to progress the design process. The creative
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clues can be separated into di erent types. One type of Spark is
the one used in14, where the workers are presented with Sparks

in form of statements to support their work. In1[3 both of the
aforementioned types of Sparks appear, as some are questions for
encouraging the journalists to nd new angles on existing stories,
while others are statements to aim at improving the work ow.

2.2 Visiolink Design

Visiolink's News Modules solution consists of a series of modules
inside a mobile application that displays content o ered by each
individual media house. They are able to choose from a selection
of prede ned modules, which Visiolink o ers as a standard. The
modules are as following:

Top / Newest issue module
Article teaser module

Live news module
Advertisement module
Podcast module
Supplements module
Narrated articles module
Archive module

The customisation possibilities include colours, fonts and more, but
these possibilities vary for every module. Other than the modules
the app consists of a top- and bottom bar to allow for navigation
between di erent sections of the application.

2.3 Types of interfaces

Another important aspect of prototyping within the area of design
is types of interfaces presented to the users. Findlater et9jal.[
de ned 3 di erent types of interfaces based on their purpose and
behaviour:

Static - no change to the interface occurs. There is no control
over the design and functionality of the interface,

Adaptive - the system dictates how the interface changes.
User control is minimal or none, but the interface often
changes based on the user's actions,

Adaptable - the user gains control over the interface and
its design. The interface becomes customisable and can be
freely adjusted to the user's needs.

Another type of interface they proposed is Mixed-initiative kind,
where the amount of control over the interface design is split be-
tiveen the user and the system itself - these interfaces contain
elements from both Adaptive and Adaptable designs. Findlater et.
al. conducted a comparison experiment between the above types of
interfaces to measure their usability, error rate, speed of operation,
etc. The results showed, that the adaptive menu (interface) proved
to be the slowest in use, but it was preferred over the adaptable and
static designs. These results illustrate that the signi cant amount
of system control in some interfaces, such as drop-down menus,
can be preferred over customisable and static counterparts. This
is important to ensure that the prototypes serve their purpose as
intended. While creating a creativity supported mock-up generator
the intent to keep in mind is to provide the user with a responsive
and simple tool, so that the design process can be as e cient as
possible for the sake of time and workload. The Adaptable type of
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interface suits this idea, as it puts all control in the hands of the support applies to. For each customisation where creativity support
users and is not the slowest in use. An advantage of this approach is deemed feasible, an array of each Spark type will be attached.

is that everything about the system (within technical limitations)
becomes tweak-able - the user can modify and change the interface
in any way they desire, as long as it is possible on the back-end
side of the system. An alternative to this approach would be the
Adaptive interface, which while being slower to use, was proven

to be a preferable choice for users, as the change happens mostly

on the system side. With this, the user can concentrate more on
the ideas and help themselves with the interface changing to their
liking without much e ort. The advantage of such an approach
would be the ease of use of the system, with little-to-no necessity
to interact with the system per se, but rather putting one's ideas to
practice.

One approach to designing a mock-up generator would be to
utilise computational layout generation, like the wire-framing tool
developed by Dayama et. ab][ which support designers by pro-
viding layout suggestions. Even though the solution proved to be
both easy and e cient for interactive use, a better approach would
be to provide hints or information, rather than providing layout
suggestions. This should be implemented with the focus on each
individual user's preferences being a high priority.

Based on the research, it was addressed that creativity support
provides a positive in uence when compared to techniques without
said creativity support, which emphasises the advantages of CST
implementations. When developing CST, a bene cial approach
would be to focus on the individual user and t their needs in
order to provide the best support. With ideas and creativity being

essential to the design phase and idea management being used

by professional designers, providing guidance and support in said
phase should provide a better experience and have an in uence on
the outcome.

3 CREATIVITY SPARKS

Based on the ndings from Related Work research, we decided to
call our approach to support tool&Creativity Sparks'since they
would combine the "Sparking of ideas" and the "creative output"”
generated. By doing this, we hope that it can be used as a tool
to connect design thinking and creative problem solving. Having
researched the di erent types of Sparks it was decided to use the two
types of Sparks ("Abstract/Question" and "Hint/Information™), but
also to extend the number of options to t a wider range of potential
users. As the target group was de ned as designers of any level
of expertise, a decision was made to create four types of Sparks in
order to provide su cient levels of support and creative inspiration
for said target group. As mentioned, each Spark is tailored for a
di erent level of design expertise, providing targeted and valuable
input for the user. To not distract the user unintentionally, the
Sparks can be revealed by pressing a button with a light bulb icon,
which is an action taken by the user. Only certain customisation
option have a Spark attached to it where it was deemed possible.
To close the Spark the user presses the light bulb button again.
The Sparks will act as a source of inspiration and should be easily

3.1 Challenging Sparks

Our design and implementation of the Sparks resembles the ap-
proaches described in Chapter 2, but expands on them with a dif-
ferent intent - instead of the persona generation, the Sparks aim
to propel the designer into a di erent, potentially unexplored path
of thinking about the design. The Spark asks "outside the box"
questions, puts the user in a theoretical situation, tries to invoke a
client-side of view perspective. This Spark is aimed at high level of
expertise designers, as the level of creativity expected is high and
the knowledge of basic design skills is required. By asking questions
regarding the customisation possibilities, the Spark might provoke
re ective thoughts, which could lead to design ideas that the user
did not initially consider. An example can be seenin gure 1.

Figure 1: An example of a challenging Spark. This shows the
Spark for the background behind the front cover in the top
module.

3.2 Informative Sparks

Our approach to these Sparks also resembles the approach described
in Chapter 2, being based on the principle of providing the users
with information on the topic - no direct step-by-step instructions

or hypothetical questions, but hints based on facts or outsource
information. This type of Spark is aimed for designers of lower
levels of expertise, but not complete beginners, since it does not
support creativity to such an extent as the Challenging Spark, but

it also assumes that user possesses basic design skills. The user
can get inspired by the Spark, but the aim is not to "think outside
the box", rather to nd concrete solutions to the design based on
common principles. An example can be seenin gure 2.

Figure 2: An example of an informative Spark. This shows
the Spark for the background behind the front cover in the
top module.

accessible. Since the purpose of the Sparks is to assist the user,

they should only be placed close to the areas where the creativity
3
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3.3 Unorthodox Example Sparks

This Spark was inspired by the idea to use one's experience in con-
text of an unusual situation in order to generate a new approach to
the design. One of the inspirations behind this Spark is the website
arngren.net P], which houses a rather unusual design for a online
shop-type website - the products and their prices are clustered
without any order, creating a very chaotic design. However, an  Figure 4: An example of a hand-holding Spark. This shows
argument can be made, that because of this design decision, the the Spark for the background behind the front cover in the
website stands out from it's competitors, attracting more attention ~ top module.
to itself and the products displayed.

This type of Spark can be considered controversial, as it provides
the user with a visual example including unorthodox/questionable
designs. The use of such an example in the context of design choices 4 LOW-FIDELITY DESIGN

is supposed to provoke the user to make choices that would contra- In order to design a prototype for this project, it was decided to
dict the ones taken in said unusual examp|e - this can he|p users collaborate with Visiolink and use their module-based structure

gain knowledge on what to avoid in design and how to work around
making "bad" choices. The controversial aspect of this Spark is that
oftentimes unorthodox designs can actually provide better results
(in clicks, views, engagements) than the "good" designs, due to
the nature of the shock factor, vibrant colours, unorthodox design
choices, etc. This Spark expects medium level of expertise from
its users, since the amount of creativity involved is high and the
knowledge of basic design skills is required. An example can be
seenin gure 3.

Figure 3: An example of an unorthodox example Spark. This
shows the Spark for the background behind the front cover
in the top module.

3.4 Hand-Holding Sparks

The nal Spark was created for the inexperienced designer who
would be in need for direct instructions and best practices to follow.
Even though this type of Spark has little creative content it could
prove useful for certain people. The Hand-Holding Spark is based
on a step-by-step tutorial principle, where if picked, the choices
presented to the user would result in a e ective design work ow
and a satisfactory end result.

The goal of these Sparks was to give the user instructions for
more optimal design choices, urge the user to consider the advice
that the Spark gives, and take the design process through a rather
streamlined ow (by intent, the user was meant to follow each
Spark). This approach, when followed thoroughly, would result in
a speci ¢ nal design, which would be identical between each user,
due to the nature of the Sparks. The amount of Creativity is low,
as the Spark attempts to take control over the design. An example
can be seenin gure 4.

4

as a base for the design. Visiolink also promised, as part of the
collaboration, to test the prototype for us - which helps us de ne a
target group consisting of designer of various levels of expertise.
In order to begin the ideation process for what a creativity Spark
consists of and how it can be implemented to aid more e cient and
coherent designs, a low delity (lo- ) prototype was created. The
aim of the lo- prototype was to discover the di erence between
di erent types of creativity Sparks - their impact on the design,
their usefulness, the level of in uence on the entire design process.
The aim of the initial experiment's results would be to illustrate
and encapsulate the di erent kinds of Sparks to be used in the nal
experiment.

4.1 Prototype

The lo- prototype was created in Adobe XD to allow the addition

of interaction to the interface. To design the prototype an iterative
design approach was taken. The nal design ended up being a
Graphical User Interface (GUI) with two columns - one column for
the customisation possibilities and one for previewing the choices
made and the progressing design. Each of the Visiolink-like modules
are presented to the user one-by-one. All the design possibilities
are spread out across multiple screens, depending on how many
customisation options the current module has, meaning the user
will have to go through the screens to get all of the customisation
done. When the user has exhausted all design possibilities for a
module, it will be added to the progressing design in the preview
screen. The low delity prototype can be seen in gure 5.

4.2 Evaluation

The initial test was performed with 11 Visiolink employees, in order
to gain an insight into the applications and e ects of di erent kinds

of Sparks, provided by designers of di erent levels of expertise.
The participants were asked to state their job position and to rate
their design competences from one to ve - one being no design
experience and ve being professional design experience. This ex-
periment was conducted by facing the testers with identical tasks,
but each permutation of the task held one of the four Creativity
Sparks, providing di erent creativity/assistance cues to the testers.
We chose to perform the initial lo- test with Visiolink's employees,
due to the fact that the design knowledge factor is present and
as such the test puts more emphasis on the impact of the Sparks
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Figure 5: The low delity prototype of the mock-up genera-
tor.

themselves, rather than testing the Spark in a setting of the trial-
and-error nature of design choices usually taken by non-experts.
The participants would navigate through an Adobe XD prototype
and answer a follow-up questionnaire afterwards. The prototype
showcased the four types of creativity Sparks inside the intended
context of use, being the mock-up generator. However, the genera-
tor was a static solution, meaning that it limited the interaction to
only clicking on the Spark in order to activate it, and progressing
to the next module - there was no other possibility for user input
during the test. The four Creativity Sparks types each had three
examples, meaning a total of 12 Creativity Sparks were examined
and rated by the participants. The end survey consisted of ques-
tions about the Sparks' intent of use, ideas generated by the Sparks,
potential for creativity support, and a pick for the type of Spark
that made the best impression on the user.

Figure 6: The prototype showcasing the Sparks inside the
mock-up generator.

4.3 Results

The ratings of each spark type can be seenintable 1. and distribution
seenin gure 7.
When looking at the Spark that made the best impression and
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Type of Spark Combined rating
Red (Unorthodox Example) 59
Blue (Informative) 54
Yellow (Challenging) 49
Green (Hand-holding) 47

Table 1: The combined score of each Spark.

Figure 7: The distribution of Spark types.

getting 18,2% of the votes and "none speci cally" getting 9,1%. The
distribution can be seenin gure 8.

Figure 8: The rating distribution of the preferred Spark type.

When grouping the participants by their design competences
the Challenging Spark was favoured by the participants with a
"design score" 08, where the Spark received an average score of
6,2 and the Unorthodox Spark was favoured by the participants
with a design score 02, where the Spark received an average score
of 6,4 The higher score for the Challenging Spark rated by the more
experienced designers suggest that questions for creativity support
are more valued if more design experience is present.

Even though the Unorthodox Spark was favoured, there was only
12 points separating the best from the worst rated Spark. Since the
average rating for each Spark changed noticeably when looking at
the participants design rating it shows that each Spark could prove
useful for a speci c user, depending on their design experience. It
was therefore decided to keep all four Spark types and introduce

best served its purpose the Unorthodox Spark has 36,5% of the votes an initial questionnaire to determine which type of Spark would

with the Informative, Challenging and Hand-Holding Spark each
5

provide the best creativity support for each participant.
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5 FINAL DESIGN

With the Lo-Fi prototype test results in mind, the next step was
to create a new iteration of an interactive prototype involving the
Creativity Sparks and conduct an experiment in order to determine
the amount of creative in uence and work ow support for the users
coming from the Sparks. This time, the main goal of the prototype
was to create a user interface that allows users of any level of
expertise to reach a point, where the created mock-up re ects the
users' design ideas. For the nal test, due to the interact-able nature
of the prototype, the users should be able to get close to their
envisioned designs with just a handful of basic interactions. The
app consist of a two column design where all user interaction takes
place in the left column, and the preview of the design choices are
shown on the right. This can be seenin gure 9.

Figure 9: The mockup generator interface.

The application consists of seven of the Visiolink standard mod-
ules that the user can reorder and customise, Furthermore a top-
and bottom bar are also able to be customised, but the position
is xed. Each module has its own design choices and limitations
and contain various amount of pages depending on the amount
of customisation possibilities of the said module. Each page con-
tains a set of related elds, that are shown to the user in order to
be populated. To navigate the screens in the mock-up generator
the user presses the "Next" or "Back" buttons. When the user has
completed the design for the current module, it can be submitted,
which appends it to the previous module in the preview column. It
is not possible to go back and change the design of a module after
it has been submitted, due to technical limitations.

The desired type of Spark, along with determining a le name
and a device type is set on the rst screen of the mock-up generator,
also known as theOverall setupscreen, which was only handled
by the researcher. For this test the "iPad" device was the only one
able to be selected, since it is Visiolink's most used device among
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Three third party tasks in form of dragging, dropping and re-
arranging images in Adobe Photoshopd were added to further
emphasise and evaluate Sparks' role in supporting the design. The
tasks include designing a background for the so-called top module,
an advertisement and a bottom-, or navigation bar. The decision to
include outsource tasks with Sparks support in this test was taken
due to the limited interactions that the prototype allowed - since
designs tasks often involve more steps than choosing font sizes,
colours and background colours, we wanted to put more agency
in the users' hands with these outsource tasks. While given more
opportunities for design choices, we hoped the end result from each
user would provide an observable di erence, not only between each
other, but also between their No-Sparks and Sparks end products.
Each time the participants were done with the third party task the
image was imported into the mock-up generator and shown in the
preview and as part of the nal .SVG mock-up.

When a participant has completed the design, the output of the
application is able to be saved to the hard drive as an .SVG le.
By saving the .SVG le in the same folder as the assets used in
the design it is possible to have the assets shown as part of the
mock-up. Therefore each participant was given two folders, one for
the "without Sparks" version and one for the "with Sparks" version.

The aim of the nal design of the prototype and the experiment
that would follow was to nd a di erence between the two versions
- with and without Creativity Sparks support. We hoped that due
to the input from the Sparks, the user would change their design
decisions, creating a di erent result to the one taken with the No-
Sparks test. This does not mean that the goal was to observe a
"better" result - the hypothesis was formulated ‘&ssistance cues
will have a bene cial in uence on the design phase and the quality of
the end result of a mock-up creation tool for a Ul prodomaning
that a desired outcome was any di erence in the quality of the
end result, followed by verbal answers supporting the idea of a
bene cial change of vision for the participants. The measures taken
to approach evaluating the upcoming results with this goal in mind
will be seen in Chapter 7.

6 IMPLEMENTATION

The Mock-up Generator App is a Single Page App developed in
Vue.js R1], which is one of the most used and popular JavaScript
front-end libraries, used as a framework for building user interfaces.
The software choice is backed by three basic characteristics of the
library:

It is able to run rather sophisticated apps without builds (i.e
running on a server like Node.js).

Itis able to run just by double-clicking a single code- le.

It is able to run without any internet connection, as depen-
dency les (Vue.jsitself, css-libraries etc.) can be downloaded
and referred locally.

The app is able to generate SVG- les, which can be imported
into some of the popular mock-up software on the market like
Adobe XD[] and Sketch 7. Each SVG- le contains all the design

the users of the media houses. Each Spark type was renamed toelements needed for the app. Since the system deals with .SVG

"Versiofi followed by a number between 1 and 4 depending on the
Spark type, to avoid participants being in uenced at the beginning
of the test.

6

les the customisations made, such as colours and sizes are stored
directly in the design code. After save, the SVG- le can be imported
directly and without any loss into the software used for nishing
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