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Abstract

We are living through a global health pandemic. According to the Dutch Central
Bureau for Statistics 16% of Dutch adults are classified as obese in 2023, which is
triple what it was 40 years ago [1]. To address this issue, the Human Media Interaction
(HMI) research group from the University of Twente researches how technology can be
used to encourage physical activity and teaches students of Creative Technology how to
apply this knowledge to product development. This is done through the Research and
Design of User Experience (ResDexUX) project. In this project, the students first come
up with an idea for a system that can aid in sports and movement. Then they make
a low-fidelity prototype of it to validate the idea. Afterwards, they have to construct a
working prototype that involves technology. Despite the goal of the project being the
user experience of the prototypes, the students are often found spending considerable
time on the technical implementation of these high-fidelity working prototypes.

This graduation project investigates how a design system could aid Creative Tech-
nology students in making these high-fidelity prototypes. To achieve this goal multiple
tools were developed to aid the students in selecting, implementing and integrating
these technologies. To help the students choose technologies for their projects a web-
site was developed featuring a filtering system, choice helper, and extensive docu-
mentation on the technologies. To help the students implement the technologies the
documentation includes wiring instructions and code examples. Lastly, to help the
students connect different technologies a novel tool was developed showing an inter-
active network graph of the technologies selected for the prototype, with the techno-
logies needed to link them together automatically selected. This was done alongside
Sven Rozendom[2] research on which technologies to support. Along with the creation
of a physical box containing the selected technologies and small business cards to be
able to reference the technologies quickly.

The usability of the toolkit as a whole was evaluated through user testing, including
observations taken by the researchers along with interviews and the System Usability
Score (SUS). Through this testing, the toolkit shows promising potential in aiding
students in the technical implementation of their high-fidelity prototype.
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1 Introduction

We are living through a global health pandemic. According to the Dutch Central
Bureau for Statistics 16% of Dutch adults are classi�ed as obese in 2023, which is
triple what it was 40 years ago [1]. Kids are playing less and less outside and overall
physical literacy is declining.

To help better this situation the Human Media Interaction group (HMI) of the Uni-
versity of Twente researches how we can use technology to get people to move more
or with more proper techniques. One such example is the "Smart Sports Exercises"
project that aims to develop new interactive ways to train for volleyball[3].

In addition to research, HMI also teaches students of the program Creative Techno-
logy how to design, realise and evaluate the interaction between people and technical
systems. The course they give is called "Design and Research of User Experience".
Here students learn how to design a low-�delity prototype of an interactive system
and how to test it with their intended user group to validate their ideas. A low-�delity
prototype is a low-cost, low-e�ort prototype which allows for quick iteration. This pro-
totype does not have to feature any technology but should provide the intended user
experience. When the students are satis�ed with the interaction between the user and
the low-�delity prototype they make a fully working ICT-based prototype. The main
focus of this project and prototype is the user experience.

The technical decisions made here are to make the user experience possible. For
instance, with the smart throwing targets[4] that have been a product of this project,
the added value to the athletes was not the exact wireless technology or LED strips
used, but instead the overall experience that the athletes got to enjoy. Despite this, the
technical details are where the average group in this project spends a relatively large
amount of time. They need to make a technical design and research which sensors
and actuators to use. Then they need to solve how to make these parts work together
and by what method to distil the raw data provided by the sensors into the information
they are interested in.

The challenge here lies in the fact that for the high-�delity prototype, we are not in-
terested in the individual piece of technology, but in the user experience it can provide.
Ideally, you can take a functional requirement like "needs to be able to measure the
heart rate of a �eld hockey player on the �eld" and have a guide on which technologies
to put together to achieve this, and what strengths and trade-o�s these technologies
provide.

Due to the breadth of this Graduation Project, it was done in collaboration with
Sven Rozendom [2]. The parts done in collaboration are the background research and
the ideation phase. The Evaluation was also done in collaboration to evaluate the
system as a whole.
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1.1 Problem statement
To further empower Creative Technology students in creating creative solutions

using technology in sports, and help them focus on the user experience, we want to
provide them with a design system that aids them in designing the technical aspect
of these high-�delity prototypes tailored to sports.

Main research question
To help the students realise their high-�delity prototypes the main research ques-

tion needs to be answered:

ˆ How can we support the technical design practices of students aiming to design
interactive systems for sports using a design system?

Sub research questions
To e�ectively answer the main research question we will �rst need to answer the

following sub-research questions:

ˆ What (interactive) technologies are currently already used in sports research?

ˆ What functions did the previous students want to achieve in their projects?

ˆ What sensing, actuating and support systems should be supported by our toolkit?

ˆ What information should the students be provided about these systems?

ˆ What is the best way to present this information to the students?
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2 Background Research

To give a solid basis for the rest of the research, it is important to provide a clear
overview of the existing research, technologies and products within the design space
for sports. This background research will be used as the foundation for the ideation
phase of this paper. To give a framework for this, we will �rst describe the kinematics
sports. This is an important �eld to quantify the technique of an athlete. Then, the im-
portant physiological factors for indicating an athlete's performance will be discussed,
along with the relevant sensors for measuring these factors, both in and outside of
the lab. At last, currently available solutions from which inspiration can be drawn
will be discussed in the state of the art.

2.1 The kinematics of sports
To know how one plays a sport we must be able to de�ne the movements one makes.

This is the area of kinematics. This area focuses on describing the position, velocity,
and acceleration of objects as they move through space and time. Within sports, the
subjects of interest are not just any objects, but in particular the position of human
bones. This data can be used to calculate forces on the human body and to create a
representation of possible movements.

Optical motion sensing
Optical motion sensing is the process of capturing motion through cameras. These

systems derive the position and angles of joints from their input. A subset of optical
sensors called marker-based optical sensors are considered the golden standard in
the �eld of motion analysis because of their accuracy in measuring kinematic para-
meters[5][6]. Optical sensor systems require static cameras to be placed around the
subject of interest. With the right setup and calibration, their error rate can be sub-
millimetre. Aurand et al.[7] even acquired an accuracy of 200 µm and under over an
area of 135m2.

However, the use of optical sensors may not always be feasible, as the cameras
need to have a clear line of sight. For instance, when Gandalla et Al.[8] were design-
ing a tracking system to track swimmers underwater, this category of sensors was
ruled out because the water distortion made the results inaccurate. Furthermore,
the amount of cameras in�uences practicality and accuracy. When Aurand et al.[7]
remeasured their accuracy with 21 cameras instead of their initial 42, their measured
error dropped from under 200 µm over 97% of their area, to only 91%.

Optical motion sensors can be segregated into two categories: systems that use
markers placed on the subject (marker-based), and systems that estimate the position
of joints purely through the use of the incoming image (markerless). These techniques
will be discussed in the paragraphs below.

Marker-based optical sensing
The common factor among marker-based sensing systems is exactly like the name

implies: markers are put on predetermined points of interest in the human body. The
position of these can then be interpreted and mapped to a human skeleton model. This
is currently considered the golden standard in high-�delity tracking[5][9]. However,
these systems can be quite expensive, in the range of ¿8000- ¿150000[10]. Marker-
based optical imaging systems used for sports place markers on top of the skin. Ac-
cording to Ceseracciu et al.[6] this is where the �rst limitation of these systems comes
in. They note skin does not stay perfectly still relative to the underlying skeleton,
which is de�ned as a "skin artefact". "skin artefact" is the error in joint position due
to the movement of the sensor due to skin. Schroeder et al. further add that due to
this measurement errors of a few millimetres and degrees are unavoidable.
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A second limitation is that a marker must always be visible to at least two cameras
to estimate its position [10]. Another aspect to consider in marker-based sensing is
the markers' complexity. Chiari et al.[11] indicate there are two types of markers,
passive and active. Active markers send out some sort of signal (most commonly
infrared light) themselves which is picked up by the cameras. Passive markers are
markers that do not emit a signal. Their research seems to suggest that the sample
rate of active markers can be higher than that of passive markers. Van Schaik et
al.[10] agrees with this, and adds that they can achieve a higher resolution and are
less susceptible to errors from re�ective surfaces. This is in stark contrast with actual
tests from Schroeder et al., where the two tested active marker technologies came out
with the lowest accuracy. These bene�ts seem to be implementation-speci�c.

Markerless optical sensing
Markerless optical sensing is measuring kinematics with only images of the sub-

ject. The angles and positions of the joints are estimated based on a computer vision
algorithm. The computer takes the full-body image and runs it through a neural
network which then tries to determine the angle and rotation of the limbs. This tech-
nology has already been proven able to achieve an accuracy of under 30mm in walking
and jumping[12].

Accuracy and ability are two limitations of markerless motion sensing. In the re-
search of Ceseracciu et al.[6], certain knee extension angles were found to be unreli-
able when measured with markerless technology. In addition, the earlier mentioned
30mm of accuracy is at least two factors of accuracy behind the golden standard of
marker-based sensors.

Inertial-based motion tracking
Inertial-based motion tracking combines data from multiple sensors to estimate

the position of the sensor in 3D space. These sensors commonly are an accelero-
meter, gyroscope, and magnetometer, which can measure acceleration, orientation
and gravity [13]. Of these factors, you can derive the movements made from the start-
ing position. These sensors combined are called Inertial Measurement Units or IMUs
[14]. Van Schaik et al. adds that optionally a Magnetometer can be included to de-
termine the sensor's orientation in space, resulting in an M-IMU. These systems can
be acquired relatively cheaply, in the range of ¿50- ¿5000[10].

One of the advantages of inertial-based motion tracking is that the system can be
self-contained. After initialization, the sensors can record their data on their own.
There is no need for outside processing or observation. Research performed by Ian-
culescu et al. [14] has even shown that the processing required for this form of motion
capture can be done in real time with a companion smartphone app. This means this
type of sensor can be used outside of a controlled environment.

The accuracy of inertial measurement units drifts over time. According to Comilla
et al.[15] this e�ect is caused by the natural drift of a gyroscope. The position of an
IMU is derived from their movement over time. Due to this, errors also accumulate
over time. Filippeschi et al.[16] has measured the average position error for an IMU-
based system and found an average position error of 35mm.

Motion sensing for the purpose of high-�-prototypes
The three types of motion sensing described above can quantify the position of

objects and in particular human bones. For our purposes, all of them could be useful.
Which one would be preferred is highly dependent on the circumstances. Keeping in
mind that the user experience is the main focus of the Research and Design of User
Experience Project, the setup time and the ability to be non-intrusive for a participant
is important. Therefore markerless and IMU-based motion sensing makes the most
sense.



5

2.2 The physiological aspect of sports
As humans, we continuously strive to push the boundaries of athletic perform-

ance. We aim to go harder, better, faster and stronger. An athlete's technique can be
measured with the earlier described motion sensing. Another important factor then
presents itself: for how long can the athlete sustain the e�ort? Joyner and Coyle[17]
suggest that for endurance in sports, three aspects are important: an athlete's VO2m ax

and lactate threshold. These measures are generally considered good parameters for
tracking and estimating an athlete's performance. [17][18][19]

An athlete's VO2max is the maximal oxygen uptake they can consume and use on
sea level. It is measured by the maximum millilitres of oxygen consumed in 1 minute
per body weight in kilograms. This is considered the gold standard for measuring a
person's aerobic �tness level.[20][19][21] To measure an athlete VO2max, one needs
to measure the oxygen-rich air going into the athlete's lungs and the resulting less
oxygen-rich air coming out of them. To do this, re�ned gas analysis equipment is
necessary to assess oxygen consumption accurately, which is connected to the parti-
cipant with an oxygen mask.[19] The athlete needs to do a test to exhaustion, which
is called a maximal test. Noonan and Dean[22] state doing maximal testing can be
dangerous for people with a wide range of (unknown) conditions, as the body gets
strained to the fullest. Both the gas analysis system and the test till exhaustion make
this an invasive method. Outside of the lab, Shandhi et al.[23] have proven with their
research that instantaneous VO2 can be deduced from a non-intrusive patch on an
athletes sternum containing a seismocardiogram (SCG), an electrocardiogram (ECG)
and an atmospheric pressure (AP) sensor. Cook et al. shows the same ability to meas-
ure this with a non-invasive and non-intrusive method measuring with a single lead
ECG device combined with an accelerometer worn around the waste. This in com-
bination with the submaximal tests described by Noonan and Dean [22] can give an
estimation of a person's aerobic �tness level without being intrusive and invasive.

A sporter's lactate threshold is the point of de�ection where the blood-lactate con-
centration rises exponentially[24]. McGehee et al.[24] state that this is a good indic-
ator of performance for (long) distance runners. In their research in the lab, the lactate
threshold is measured in a lab using a sample of blood from the athlete's �nger every
4 minutes. This is an invasive and expensive process, as you also need the technical
expertise to analyze the lactate in the blood. McGehee et al.[24] further researched
methods to estimate the lactate threshold. They found the lactate threshold can be
estimated outside of a lab with a simple heart-rate monitor or known distance of a
running track, as there is a strong relationship between heart rate and the lactate
threshold, and between running velocity and the lactate threshold using a 30-minute
time trial method. This has runners running at a self-selected race pace at a 1% grade
after a warm-up. The lactate threshold can be calculated by measuring the distance
run and the average heart rate.

In conclusion, interesting physiological sensors to estimate and keep track of an
athlete's performance are heart rate and running velocity for estimating an athlete's
lactate threshold, which a heart rate sensor and accelerometers can measure. To
estimate VO2max, a seismocardiogram (SCG) with an electrocardiogram (ECG) and an
atmospheric pressure sensor in combination with a prede�ned running are of interest.
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2.3 State of the art
In this state-of-the-art, relevant technologies to a toolkit for sports and movement

will be looked at. This will include relevant measuring technologies, data processors
and support systems. Inspiration for a con�gurator tool will also be mentioned.

motion sensing
The state-of-the-art sensors for the earlier-mentioned optical-based motion track-

ing are currently the optiTrack systems [25]. Their cheapest option for a camera is
their Prime x13 camera which boasts 0.2 mm 3d accuracy and costs $2,499 per cam-
era. When using the con�gurator tool on their website a system that has a capture
volume of a 5x5x2 meter area with 16 cameras the total price is $37,205, which can
be seen in Figure 1.

Figure 1: An optiTrack system. Multiple camera angles and physical markers are used to track
movement.[25]

The state-of-the-art system for IMU-based motion tracking is the tracking suits
made by Movella[26]. These suits measure the acceleration and rotation of each of
their sensors and use their software to calculate this into kinematic data. Their full-
body tracking suit costs $4590 and needs to store its data until a computer can pro-
cess it. Their cheaper option is the Movella Dot which can be seen in Figure 2. This
is a package of 5 individual sensors which can connect to a smartphone to provide
real-time data. At the time of writing this costs ¿750.00 for the full package, and
provides a Software Development Kit to write your own code against.

Figure 2: The Movella Dot package that uses IMUs to provide real-time data[27].

Supporting technologies
One of the problems that is aimed to be solved is making the use of sensors for

students easier. To do this the supporting systems of the sensors and actuators also
have to be considered. The sensors you can buy have to be interfaced with code to be
able to make decisions based on their data. This has to happen both on a physical
and software level.
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To interface with a sensor a device is needed that can read the electrical signals the
sensor is producing. This is where microprocessors come in with General Input and
Output Pins (GPIO). In the study of Creative Technology (CreaTe), the students already
learn to work with the Arduino family of microprocessors[28], more speci�cally with
the Arduino Uno which can be seen in Figure 3a. This microprocessor can deal with
input analogue and digital input signals of up to 5 Volts. It can also produce signals
of up to 5 Volts to control other devices. It can be programmed using a subset of the
C++ programming language.

For the electrical interface to work there has to be a physical connection to the
sensor. Wiring everything up to the correct pin takes time and is prone to errors.
This is where the Arduino ecosystem has invented shields. Shields are complimentary
printed circuit boards (PCB) which take care of the physical connections to an Arduino,
by plugging into the headers on top of the Arduino. If extra circuitry is required, for
instance, to step up or down the voltage of a sensor or amplify the signal, this can be
included as well. This makes interfacing a sensor a click-together-like experience.

With the sensor connected to the board, software to interface with the sensor is
still needed. This software can vary wildly per sensor and information protocol used.
This is where libraries come in. These are pieces of complementary software that
make interfacing with a sensor or protocol easier. For instance, it can take the raw
pulses from a sensor, and convert it to the intended measurement.

The Arduino Uno does not come standard with wireless technologies, and its pro-
cessing capabilities are not the fastest. The Arduino standard and design are open-
source, and therefore di�erent companies are able to make Arduino-compatible products.
This is often done to extend the capabilities. One such example is the ESP-32 devel-
opment board made by Espressif[29], which can be seen in Figure 3b. This board
adds the ability to wirelessly connect over Bluetooth and WiFi, along with a faster
processor.

(a) An Arduino Uno [28] (b) An ESP32 development board [29]

Figure 3: Development boards

An interesting project to mention that already combines all the mentioned �elds is
the IMU packages made in-house by the University of Twente for the course �Biosig-
nals & Medical Electronics" which is given in Module 8 of CreaTe. They have made
relatively small ready-to-use sensor packages which include a Bluetooth-ready devel-
opment board, an MP6050 IMU sensor which is capable of measuring 6 degrees of
freedom and a battery with a charging circuit. The students can connect to this over
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the Bluetooth protocol and use the Python library that is speci�cally made for this
package[30]. The package gives you the raw XYZ data and XYZ data of the gyroscope.
This makes it so the students can easily access this data without having to think
about the technical implementation of the sensor and the supporting technologies.

When designing a design system, the level of abstraction it provides should be
considered. In the earlier described Arduino shields, the electrical logic to convert
the signals from the sensor to something an Arduino can read is abstracted from the
designer. With a library, the conversion from the signals is abstracted. These ab-
stractions are trade-o�s between ease of use for the designer and control over the
sensor. An example of a system where almost everything is abstracted is the Lego
Mindstorms system (Figure 4). Lego has designed a central "brain" (Figure 4a) where
all supported sensors and actuators are plugged in via the same physical connector.
They also provide a visual programming environment where you can link measure-
ments to actions, for instance, if the distance sensor is closer to an object than 5cm,
drive the motor. This allows you to build your own complex systems like robots (Fig-
ure 4b). They abstract away everything from the sensor-speci�c code to the electrical
implementation. This has the bene�t that it is trivial to assemble a system, with the
drawbacks being that only sensors they make are supported and �ner control than
they provide is not achievable.

(a) The Lego Mindstorms system[31] (b) A robot made with Mindstorms [31]

Figure 4: The Lego Mindstorms system
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A middle ground of this level of abstraction is the sensors produced by a company
like Adafruit. These sensors are more sensor packages and provide all the supporting
circuitry on the package. With each sensor, they provide the documentation and
Arduino code necessary to get started. One such example is their 9 degrees of freedom
BNO085 motion sensor[32] which combines all of the sensors you need for an IMU with
a processor and �rmware to give you the acceleration and gravity factor together with
the absolute rotation straight out of the package. It combines the data of the three
types of sensors together so the user does not need to know the physics behind it.
They also provide getting-started guides and extensive documentation to get you up
and running quickly. This would be a good direction to take this project as this leaves
most of the control with the designer but abstracts away the hard sensor-speci�c part.

Recommendation systems
When building a high-�delity prototype implementing and getting the data out of

the sensor is only one step of getting your prototype to work. The �rst step of that
process is knowing which sensor, technology and supporting systems to use. Earlier
in the background research three types of motion sensing were already described.
With motion sensing alone the right type of system can be highly dependent on the
environment and circumstances the high-�delity prototype needs to function in. With
an array of ideal easy-to-use sensors the designer still needs to be guided to the right
one for the prototype. This is where a recommendation system comes in. Such systems
already exist for other domains, like the consumer technology market. This market has
the same challenges as our problem, as the end-user knows what they want to achieve
with the product, and the technical details dictate what the product can achieve, but
the user is not necessarily interested in the technical details. As an example, the
general population cares about how quick their cellular is when using the web but
does not care about which speci�c type of antenna is in there or even which type of
cellular they are using.

The �rst approach to such a recommendation system in this domain is the website
tweakers.net [33]. Here you can �lter on technical aspects of a phone, like which
processor and how much system memory it has. When you have found two or more
you want to choose between they can be added to the comparison, which takes you
to the comparison page. This page can be seen in the Figure 5. It simply lists all
the technical speci�cations of the two phones next to each other in one big list. This
would be helpful when one knows exactly what to look for in a phone, or to make the
�nal decision between your two last remaining choices.

Figure 5: The comparison tool on the Tweakers website. [33]

Another approach is the choice helper of the Consumentenbond[34] as seen in
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Figure 6. This choice tool asks the consumer functional questions about the device
they would want to purchase, like if they are going to use it to take photos, if yes how
often and how professional and how they expect to unlock their phone. This system
then �lters the technical abilities of the phones to be within the expected parameters
and even recommends the option it thinks suits best.

Figure 6: One of the questions on the Consumentenbond website [34]

The style of the comparison tool of the Consumentenbond would be more appropri-
ate for this project because if the designer knew all the technical details of the sensor
in advance this research would not be needed.
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3 Methods and Techniques

Figure 7: The Creative Technology Design Process.

The method used to design the
toolkit will follow the Creat-
ive Technology design method
described by Mader and Eggink[35]
and visualised in Figure 7. This
process has four main phases:
Ideation, Speci�cation, Realiza-
tion, and Evaluation. Do note
that these phases are not linear
but cyclical. When a later phase
reveals shortcomings one iter-
ates upon earlier stages to try to
negate the discovered problem.
In the subsections hereafter the
four phases will be discussed.
The detailed version of each
phase can be read in their re-
spective chapters. The Ideation
and speci�cation phases have
been performed twice. In the
�rst round, the design space
of the entire toolkit was dis-
covered. Hereafter the split was
made in this Graduation Pro-
ject between the physical toolkit,
which became the responsibility
of Sven[2], and the envisioned
support website, which is fur-
ther worked out in this gradu-
ation project.

3.1 Ideation Phase
The Ideation phase is where the original design question is transformed into an

elaborated product idea. This is done through a back-and-forth between problem
de�nition, acquisition of relevant information and related work. Here a multitude
of di�erent ideation techniques can be applied to generate creative ideas. For this
project, we started the ideation phase from the needs of the client. This was done
because the design question was user (client) initiated. The scope of the project was
set with a thematic analysis performed on project reports of past projects done in
Module 6 of Creative Technology. The end goal of this phase is to have a more clear
idea of the �nal product, together with the requirements it needs to have. Multiple
ideas were thought of and discussed with the client. These ideas cover the physical
form of the toolkit but also what the contents should be. The requirements in this
phase have been formulated according to the MoSCoW method [36]. This means that
the requirements have been split up into four categories: Must have, Should have,
Could have and Will not have (MoSCoW).
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3.2 Speci�cation Phase
The Ideation phase �ows over into the Speci�cation phase. Here the design space

is discovered using multiple prototypes which are evaluated to form a short feedback
loop. For this project, multiple small prototypes were made to discover di�erent as-
pects of the design space for the toolkit. With a small prototype of a building block
the abstraction level of a building block in the kit was determined. Furthermore, with
cards and information sheets, the amount of information the kit should provide per
item was explored. The end of this phase resulted in a product speci�cation for the
toolkit. Further speci�cation for the website has been done using Uni�ed Modeling
Language (UML) diagrams. Finally, a medium-�delity prototype was made and tested
to further de�ne the speci�cation.

3.3 Realization Phase
With the product speci�cation, the realisation phase can be started. This phase

works towards an actual product, realising and integrating the necessary compon-
ents. In this phase, the actual toolkit was made. The realised toolkit consists of two
parts, the physical toolkit and the online support platform. The physical toolkit and
information are constructed by Sven Rozendom [2] and the support platform in the
form of a website is constructed by the author of this paper. The realisation of the
support website follows the earlier mentioned UML diagrams.

3.4 Evaluation Phase
After realising an actual product, the Evaluation phase starts. Here, �nal user

testing was done to evaluate the product concerning the earlier determined require-
ments. This testing was done with the whole toolkit, meaning the physical toolkit in
combination with the support website. After doing the test the users were subject to
an interview and the �lling out of a System Usability Score (SUS). Re�ection on the
design process was also performed in this phase, as found in the Discussion.
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4 Ideation

In this section, the original design question will be transformed into an idea for a �nal
product. To start the ideation phase we need the stakeholder requirements and the
user needs. These will �rst be identi�ed through a stakeholder analysis, interviews
and a thematic analysis. Afterwards, product ideas will be generated to help the users
achieve their goals.

4.1 Stakeholder analysis
To develop a product that will be e�ective for our stakeholders, they �rst need to

be identi�ed. This can be done by the question thought of by Mendelow [37]: "Who
are the persons, organizations, and institutions which could in�uence the ability of
the organization to realize its goals?". The �rst step in the identi�cation process was
interviewing our clients. The identi�ed stakeholders can be found in the subsequent
sections below. Their needs and interests will be stated, and how they can in�uence
this project. This will later be used to construct Mendelow's power interest matrix to
get an insight into their control over the project.

Client
Our client is Dees Postma. He is a professor at the Human Media Interaction (HMI)

group at the University of Twente. He also gives the Research and Design of User
Experience (ResDexUX) project which the toolkit will primarily be designed for. The
client has given us the assignment to build a physical toolkit comprised of functional
building blocks with which the students are enabled to prototype quicker.

Functional building blocks are building blocks that provide a particular function
to the student. The student should be given information about the building blocks
so they can pick them based on their needs for their project. To take the example
from the introduction: a student might have the requirement "needs to be able to
measure the heart rate of a �eld hockey player on the �eld". This design system
should allow the student to �nd the right technologies to use without knowing the
intricate details of the technology, but choosing based upon what the technology can
provide in functionality for them.

Students of Creative Technology
The second group of stakeholders identi�ed in this project are the Creative Techno-

logy students who are following the Research and Design of User Experience project.
They will primarily be the designers using the toolkit. They expect this project to aid
them in choosing the right sensors and actuators and then making these easier to
implement. They need the project to be helpful, easy to understand and the extra
documentation to be on their level. They also need the toolkit to have the building
blocks to support their application. This group can later be extended to all designers
of interactive sports systems. Their in�uence over this project is that the product will
be tested with them and their feedback will guide the further development.

Research and Design of User Experience teachers
The third group of stakeholders are the teachers of the Research and Design of User

Experience project. The teachers must support the students through the project and
help them use the toolkit. They expect the toolkit to help the students achieve their
intended high-�delity prototype while still achieving the course's intended learning
outcomes. The e�ectiveness of the toolkit can have an impact on the quality of their
teaching.



14

Supervisors
This project is done as a Graduation Project for the study of Creative Technology

at the University of Twente. This Graduation Project has to adhere to the rules set by
the program. It will be graded by the supervisor and critical observer. Therefore, they
have a lot of in�uence over this project.

Lab managers
The third group of stakeholders are the lab managers of the university. These are

the group of stakeholders who will have the job of maintaining the toolkit. When the
provided documentation or sensors become outdated, they need to be able to update
the toolkit. They expect the documentation to be clear, consistent and amendable.
When they need to add new sensors the method of adding a sensor or actuator to the
toolkit should also be documented.

The end-users of the high-�delity prototypes
The fourth stakeholder group is the end-users of the designed interactive sports

products. They need the toolkit to help improve these products by helping the design-
ers spend more time on the user experience.

Collaborator
Sven Rozendom is the other researcher in this project. His interests are in the

successful completion of the project for his graduation. Our work both contributes
to the end goal of one uni�ed toolkit that can be used in the Research and Design of
User Experience project. Therefore he has signi�cant power in this project.

Power-interest matrix

Figure 8: The power-interest matrix with
stakeholders.

To get an insight into how these stake-
holders in�uence this project they have been
put into a power-interest matrix. This matrix
comes from the research of Mendelow[37] and
aims to rank each of the stakeholders on two
axes: their power over the project, and their
interest in the outcome of the project. Power
here is de�ned as their ability to in�uence the
project. Interest is de�ned as how interested
that stakeholder is in the project succeeding.
The goal of this matrix is to get an overview of
the role our stakeholders should play in this
project. The �lled out power-interest matrix
can be found in Figure 8.

In this matrix, four quadrants can be
found. The most important one is in the top
right. These are the key players in our pro-
ject, having a high interest and a high in�u-
ence. This quadrant is occupied by our client and my collaborator. This means these
two should be managed closely and be included in all the important decisions.

Moving one quadrant down to the left the 'Keep Satis�ed' quadrant can be found.
These are the stakeholders with high power but a lower interest in the outcome of the
project. These stakeholders should be kept in the loop. In this project, these consist
of the supervisors and the Research and Design of User Experience teachers.

The third quadrant in the bottom right consists of the stakeholders who should be
kept informed about the project. These are the stakeholders with a high interest but
low power over the direct outcome. In this project, these are the Research and Design
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of User Experience teachers and the CreaTe students, as they both have something to
gain from the product.

The last quadrant consists of the stakeholders with a low interest and low power.
These stakeholders should be monitored, but are not a high priority in a project. The
Lab managers and end-users of the projects that the students create fall under this
quadrant. These groups do not directly bene�t from the envisioned toolkit. The lab
managers do interact directly with the product but since they do not directly bene�t
from the product their interest will be low.

4.2 Interviews
To identify the needs of our other stakeholders expert interviews were conduc-

ted. The information letter of the interviews can be found in Appendix E.1. These
interviews were semi-structured interviews, which means that some questions were
prepared in advance, but the researchers can deviate from these during the interview.

Interview Assistant Professor Interaction Design
The �rst interview was conducted with an assistant professor from the research

group Interaction Design. This interview was done because this professor works with
Creative Technology and Interaction Technology students in project settings where
they must make high and low-�delity prototypes. The transcript of the interview can
be found in Appendix E.3. The goal of the interview was to see where the students cur-
rently struggle when designing these prototypes. When asked what students struggle
with when making a high-�delity prototype they answered: "How can we �nd the
sensors, which sensors should be used, and how do we implement it, and how actu-
ally the sensors will work for the purpose of it?" (Appendix E.3; timestamp 00:02:20).
From their further answers, we have concluded that the students struggle with three
separate steps in going from a high-�delity to a low-�delity prototype: selecting the
right components, implementing the components and making them work together.
These three steps could all be aided with our toolkit.

Another important aspect that came to light during the interview was the di�erent
technical abilities of the students. They mentioned some students are comfortable
with the physical building of a prototype, while others take it as a struggle. A starting
point would be helpful, especially for this last group of students. This starting point
could help the students feel more con�dent, as long as it is easy to use. Because
of this di�erence in skill levels, the toolkit should be useful for students of di�ering
technical abilities.

Interview Professor Biomedical Sensor and Systems
The second interview was conducted with a professor from the research group

Biomedical Sensors and Systems. The goal of this interview was to understand the
decision factors between di�erent sensors, how that data can be presented to students
and how to guide students in implementing the sensors. The transcription of this
interview can be found in Appendix E.4.

This interview again underlined the importance of tailoring the kit to the di�erent
technical skill levels of the students who will be using it. From their answers, it was
concluded that having a student implement a full IMU set up in 10 weeks is not pos-
sible. Therefore this project should aim to provide students with enough information
about each building block to implement it in the given time frame.

Moreover, the teacher mentioned that there is no decision tree for which sensor to
use with which project. This is another aspect our toolkit could help with.
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4.3 Thematic analysis
To identify the user needs a thematic analysis of past projects of the Research and

Design of User Experience project was done. A thematic analysis is a way to analyze
qualitative data by identifying the common themes among them[38]. For this project,
an inductive thematic analysis was done. The goal of this thematic analysis is to
identify which technologies past students have used and have wanted to use. This is
to generate an idea of the technologies to support that support the broadest amount
of projects. Because the analyzed 55 papers were already in report form transcription
was not necessary. Thematic analysis is usually done in six steps, but due to time
constraints, the steps of familiarization and coding were combined.

The �rst step performed is scan-reading and coding. To do this, the abstract,
introduction, high-�delity prototype, conclusion and discussion chapters are scanned.
This way the scope of the project is identi�ed. They were also coded with this pass.
This is the process where you assign a label to a topic or sentence of interest within
the text. The second step is to come up with themes. Themes are groups of codes
which are similar. It is important to keep in mind the type of data you want to collect
from the analysis and the research question when choosing the themes. In the third
step, the themes are evaluated against the reports. If a theme is not relevant for the
research question it can be discarded, split or merged with another theme. The fourth
step is to de�ne and name the themes. It is important to exactly de�ne what we mean
by each theme and to give it a succinct name. The last step is to make a write-up of
the results. This can be found in Appendix D.

In the thematic analysis, three main themes can be identi�ed: button games, wear-
ables and interactive motion capture systems. The reaction game theme contains sys-
tems which use inputs spread out over an area, which the user should press based on
certain signals. In most cases the inputs are buttons and the signals are provided by
LED strips. The second theme of wearables covers a bigger collection of systems. The
goals and technologies this theme encompasses vary wildly, but the common factor is
the desire to make small systems that can be worn on a person. The common techno-
logy here used for feedback is haptic feedback. The third theme of interactive motion
capture systems consists of systems that use motion tracking, usually through com-
puter vision, to provide feedback to the user. The feedback given by these systems is
most commonly done through a screen or virtual reality.

Concluding from the thematic analysis, three main themes of systems were iden-
ti�ed: reaction games, wearables and interactive motion capture systems. The �nal
toolkit should at least support creating these three types of systems. The components
needed to support are not only components that can connect to an Arduino. In the
rapports, we found students also used systems like Unity and computer vision in their
projects, which run on their laptops. Therefore our toolkit could also include a way to
integrate these programs into the designs.
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4.4 Preliminary requirements
With the stakeholder analysis, we can identify preliminary requirements to give

scope to our ideation phase. They will be split into functional and non-functional
requirements. Functional requirements explain what the product needs to do in a way
we can measure, while non-functional requirements tell us how the product should
tackle the problem. Non-functional requirements pose limits on the implementation
of the functional requirements in terms of the quality of the product [39]. For the
preliminary requirements, only the stakeholders that are going to interact with our
prototype are considered.

Client and teacher requirements
Hence our client is part of the group of teachers for the Research and Design of

User Experience project, the requirements from these groups will be stated together.
Functional Requirements

1 + The toolkit must contain functional building blocks
2 + The toolkit must provide documentation about the functional building

blocks
3 + The toolkit should provide students with functional information about

the building blocks
4 + The toolkit could aid the students in connecting the components

Non-Functional Requirements

1 + The toolkit should help the students prototype more quickly
2 + The toolkit should be useful for students of varying technical levels.

Student requirements
Functional Requirements

1 + The toolkit must provide documentation on how to use each functional
building block

2 + The toolkit must aid students with choosing the right building blocks for
their project

3 + The toolkit should support components that connect to an Arduino
4 + The toolkit should support software running on a laptop

Non-Functional Requirements

1 + Implementation of a functional building block should be straightforward
2 + Implementation of a functional building block should not take longer

than a day
3 + The toolkit should support the use case of as many projects as possible,

within the scope of the Research and Design of User Experience project
4 + The toolkit shall be easy to use

Maintainer requirements
Functional Requirements

1 + The documentation within the toolkit must all be in the same format
2 + The information provided per building block should be consistent

Non-Functional Requirements

1 + The toolkit should be amendable
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4.5 Ideation
From the research up to this point, three problems students the toolkit can help

students with were identi�ed: selection of the right components, the implementa-
tion of these components and connecting the chosen components. In this section,
the ideation for these problems is discussed along with the ideation for the physical
manifestation of the toolkit.

Selection of components
The �rst problem of selecting the right components for your project has been di-

vided into two parts. The �rst part of the problem is �ltering the items available in
the toolkit based on functional criteria. The second part of this problem is having the
right information about the components to choose between them. A mind map was
made to generate solutions to these problems, as seen in Figure 9.

Figure 9: The mind map for the recommendation system
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Filtering the items in the toolkit based on functional criteria
To �lter the items in the toolkit based on functional criteria additional tools are

needed besides a physical box with components. The �rst idea for a tool to help with
this was a �ltering component. With this �ltering component, a student would be able
to select the properties the building block should possess, and then see an overview
of all the items that match those properties. From the Background research, content-
based �ltering was selected as the best option for the type of �ltering. Additionally, a
choice helper as seen in Figure 6 of the State of the Art could be useful. This would
allow the toolkit to ask about the functional requirements in question form, and then
�lter the items on the corresponding attributes. The idea of having an interactive
chatbox powered by a natural language model with which the students could state
their requirements in natural language was also brie�y discussed but decided against
due to the limited time available.

Connecting the chosen components
The last problem our toolkit could aid is the connection between the building

blocks. This can be made easier in multiple ways. The �rst idea was to make the
building blocks plug-and-play. This would be done by providing them with the same
connector and building a central controller where they could all connect. The stu-
dents would then only need to interact with the main controller via, for instance, a
visual interface. This would behave like the Lego Mindstorms system mentioned in the
state of the art (Figure 4). This would mean that for every building block an adaptor
needs to be written. Additionally, if the toolkit does not support the speci�c use case
the student needs, it renders the entire toolkit unusable. This is due to the closed-o�
nature of this solution.

The second idea is to give the students the guidance and documentation needed
on a per-component level. For example, you want to control the colour of an LED
if someone raises their hand. You detect this by a computer vision script running in
Python on your laptop. To get the data from Python to Arduino a serial communication
protocol that sends the data via the USB cable needs to be implemented. This requires
a bit of software in Python, on the Arduino and the physical connection. During the
ideation for this, Sven[2] showed the component graph he had made to �gure out
which types of systems to support. This can be seen in Figure 10.

Figure 10: The component connection graph as made by Sven[2]

This inspired the idea to make this graph for all items in the toolkit. This graph
would have an addition, where the paths between the items would contain extra items
that explain how to connect the items together. These blocks have been coined 'mid-
dleware'. And this idea will be referenced from now on as the item graph.
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To ensure all items in the toolkit can be put together a common node is needed.
For the plug-and-play building blocks, this would quite easily be the central controller.
With the building blocks on an item level, this becomes a bit harder. Most of the com-
ponents seen in the Thematic Analysis connect to an Arduino. However, the students
have also used Computer vision and Unity as input and outputs for their systems. To
support these types of systems as well the Arduino can not be the central node. The
�rst idea for this central node was that all components should have a path to a PC.
The problem with this is that a PC is not a speci�c enough requirement. With this
requirement, an Arduino can output its data to a terminal using the serial protocol,
and computer vision can be run in Python. This still leaves the students on their own
to �gure out how to get the data from the terminal to Python.

This problem can be solved by making the requirement more speci�c. All building
blocks should be able to (indirectly) communicate with Python. Python was chosen
because it is a general-purpose programming language that is already being taught
within the program of Creative Technology. It also has Application Programming In-
terface (API)s for a wide variety of programs. It also has libraries to directly control
an Arduino or communicate with its serial protocol. When all building blocks have a
path to Python, this can be used as the central place to orchestrate the behaviour of
the prototype.

Implementing the components
To let students implement the components it was clear that documentation was

needed. As seen in Figure 9 under the heading 'information provided', multiple ideas
on what kind of information to provide were generated. Due to the limited time for
this Graduation Project, it was decided that the idea of generating "How to"-videos
would not be feasible within the given time frame. The rest of the ideas generated are
all able to be put into the form of writing. Therefore it was decided that a document
would be made on a per-building block basis on how to implement it. What this
document should exactly contain was prototyped in the speci�cation, and can be
found in subsection 5.2.

4.6 The physical form of the toolkit
The client speci�ed the need for a physical box with building blocks he could hand

to the groups of the project. This still leaves room for ideation on the physical mani-
festation of the box and additional tools. Additional tools that can be incorporated
are documentation, the decision helper and an item graph. There were three versions
of the toolkit ideated: self-contained, online, and hybrid. From the ideation, the pre-
liminary requirement to support students with di�erent technical abilities was also
thought of. It was decided to make two scenarios per idea: one for a more technically
advanced user and one for a less advanced user. The di�erence between these is that
while the toolkit would aim to reduce the prototyping time for both, the less advanced
user would need more guidance in choosing the components and connecting them.
This is in contrast to the more advanced users who would already architect the system
themselves.

Self contained
The �rst idea for the overall appearance of the toolkit was a fully self-contained

box. This toolkit would have physical representations of the additional tools. For the
documentation, this could become a booklet, for the �ltering tool a decision tree and
for the item graph a printout. However, this would mean the documentation booklet
would become quite large, as the example documentation for one item on average
already spanned 1.5 pages. This would also mean an item graph would be the full
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overview as seen in Figure 10, which can become overwhelming and unclear with
more items.

The user scenario for the less advanced user of the self-contained toolkit would
be to use the decision tree to choose the components, and then look up the docu-
mentation in the booklet for that component and how to implement it. Afterwards,
they could use the item graph to see how they could interface the items together, and
look up the middleware blocks in the documentation booklet again. The more ad-
vanced users could choose which tools would be useful for them. For instance, if they
already know which items to use and how to connect them they could look up the
documentation for a reminder of how to implement the item exactly.

Online
The next idea was to have only the items in the physical box, and have all of the

documentation and additional tools in a program. A support website would make the
most sense. This website would have a �ltering system, like an online web shop to
�lter the items to the user's needs. It could also incorporate the choice helper on
the same page. For each of the items, it would have a separate documentation page.
Having the item graph in a website would also allow the graph to be dynamic. The
graph could only show the items the user selects for their system instead of for all
systems, and dynamically add the middleware blocks their system needs. This would
reduce the complexity of the graph and would be less overwhelming.

The user scenario for the less advanced user is to use the �ltering or choice helper
to �nd the correct items. These items could then be selected and added to the item
graph. The item graph would only show the components required, with the corres-
ponding middleware blocks.

The user scenario for the more advanced user is to look at the box to see what items
are available and architect their system. Then they �nd the items they have chosen
on the website using �lters or scrolling through the list of items. Then click on that
item to see the documentation. Then they �nd that item in the box and implement it.
This user scenario is not ideal for the advanced user as they have to use the website
and �nd the items there themselves.

Hybrid
The �nal idea and the chosen implementation is a hybrid system. The additional

helpers and the documentation are implemented into a website. This comes with
all the bene�ts of the online version. To improve the user story for advanced users,
quick reference cards are added in the physical box with the components. These quick
reference cards would contain direct links to the documentation for that item, letting
them skip the step of �nding the item on the website. This also has the advantage that
the less advanced users would be given an extra point of information when choosing.

4.7 Project division
With the physical form of the toolkit ideated, it was decided that the toolkit would

be divided into two separate parts: the physical box and documentation, and the
support website. The support website would become the responsibility of the author
of this paper, and the physical box and documentation the responsibility of Sven.
From this point forward, Sven has decided which building blocks to make and has
written the documentation on those. This means all the content that is seen on a
documentation page of a building block has been written by Sven.
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