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Evaluating Digital Avatars in VR - A Systematic Approach to Quantify the
Uncanny Valley Effect

Hakan Arda

Faculty of Computer Science and Business Information
Systems
Technical University of Applied Sciences Wiirzburg-
Schweinfurt
Wirzburg, Germany
e-mail: hakan.arda@thws.de

Abstract—Virtual reality has undergone drastic developments
in recent years. At the forefront are almost perfectly rendered
real-life objects that can hardly be distinguished from the original.
However, while the improvements in the realism of the
environment significantly increase the user's immersion in the
world, the increase in the realism of human-like avatars seems to
have the opposite effect. Extremely realistic depictions of people in
computer games, films, or other immersive applications often
evoke negative feelings and can thus lead to a break in immersion.
This emotional break is illustrated by looking at the uncanny
valley curve. In this work, we have tried to develop a way to
evaluate human-like avatars according to the uncanny valley
curve and thus to determine more precisely where the discomfort
comes from. To do this, we created a database of over 200 images
of avatars and used studies to determine various precise
characteristics that make these avatars like humans. In addition,
we were able to evaluate the approach of this work with a pilot
study and thus offer a possibility for evaluations of avatars
according to the uncanny valley for future research.

Keywords—Uncanny valley; avatars; human-likeness; database;
virtual reality.

I. INTRODUCTION

The Uncanny Valley effect is a psychological phenomenon
that describes the unease or discomfort people experience when
encountering human-like entities that are almost, but not quite,
convincingly realistic. This emotional break is illustrated by
looking at the uncanny valley curve. In Figure 1, you can see a
slight increase until the graph reaches around the 50 percent
mark and then drops rapidly. This drop is known as the uncanny
valley. The term “Uncanny Valley” was coined by robotics
professor Masahiro Mori in 1970 [1]. The concept suggests that
as the appearance or behavior of humanoid entities becomes
increasingly close to human-like, there is a point at which they
elicit a strong negative emotional response before eventually
becoming indistinguishable from real humans.

There have already been many far-reaching attempts to
investigate the effects of the human likeness of robots on
people's emotional reaction [2-8]. One example of this is the
work of Kim et al. [6], who used the open-source
Anthropomorphic RoBOT (ABOT) database to analyze the
human similarity of 251 robots. They asked a group of 150
participants to rate images of robots from the ABOT database

Andreas Henneberger

Faculty of Computer Science and Business Information
Systems
Technical University of Applied Sciences Wiirzburg-
Schweinfurt
Wirzburg, Germany
e-mail: andreas.henneberger@study.thws.de

according to their human likeness and uncanny valley factor.
With the results of this survey, they have found evidence of
Mori's uncanny valley [1]. This valley was evident in
participants' perceived uncanniness of 251 robots that varied
widely in terms of the range and characteristics of human
likeness. They also found evidence of another, second valley of
uncanniness in robots that showed a moderately weak
resemblance to humans.

The developers of the ABOT [3] database took a similar
approach in their study, providing a basis for research in this
area. The researchers found that the human-like appearance of
robots can be divided into three dimensions of human-like
appearance: the robots' surface features (e.g., skin, hair,
clothing), the main components of the robots' body manipulators
(e.g., torso, arms, legs) and the robots' facial features (e.g., eyes,
mouth, face) [6]. These results suggest that the overall
perception of the physical human-likeness of robots and its
relationship to emotional reactions to the robots can be
explained by different constellations of the three human-like
appearance dimensions. If the hypothesized uncanny valley
phenomenon could be understood at the level of specific human-
like appearances, this could also lead to the improvement of
virtual avatars.

Positive Uncanny valley
c
L
6 | Non human Human
©
e
©
c
L
= ;
o Human likeness
o Y
w
Negative

Figure 1. Graphical representation of the uncanny valley. Retrieved from [9].

This approach of using a large database, such as ABOT, to
evaluate different human-like robots for their uncanny valley
factors does not exist in relation to digital avatars currently. One
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reason for this could be the absence of such a database and the
associated basis for the resulting research. Another reason is that
there is currently no systematic, evidence-based approach for
categorizing avatars into a continuum of perceived human-
likeness. Consequently, researchers and designers are usually
forced to rely on heuristics and intuitions when it comes to
selecting human-like avatars for studies or developing human-
like features in avatar design. This approach faces several
problems. Firstly, there is currently no quantitative system to
describe the degree of human likeness in different avatars, which
makes it difficult to compare research results between different
studies. Therefore, a precise scale is needed to compare different
avatars on a common scale and allow researchers to replicate
their results with their avatars.

Secondly, even when researchers manage to quantitatively
assess the impression people have of an avatar's appearance,
they usually treat the concept of “human likeness” as one-
dimensional. However, human likeness can be expressed in
different ways. For example, through gestures and facial
expressions or, more generally, through the mere presence of
arms and legs. Humanity has many different characteristics and
therefore also different features that need to be considered.

Thirdly, the effects of the appearance of avatars on different
types of avatars must be considered in the investigations. While
it may be of practical advantage to limit yourself to a certain type
of avatar, such as simplified human likenesses like the ones
Meta uses in her Horizon. However, these constraints can mean
that certain minor differences between avatars are lost.
Consequently, the psychological insights from such work may
not generalize to a diverse range of avatars.

In addition, previous studies have extensively explored
methods to overcome the uncanny valley in character design.
For example, the work by Schwind et al. examined how atypical
features (strong deviations from the human norm) for high levels
of realism cause negative sensations in humans and animals [10]
[11]. The negative effects of atypical features, such as
unnaturally large eyes or human emotions in realistic animals,
are stronger for more realistic characters, than for characters
with reduced realism. Consistently, rendered realism can reduce
the negative effects of atypicality and increase affinity, as shown
by the first peak in the uncanny valley. Therefore, it is important
to avoid combining realistic renderings and detailed textures of
skin or eyes with non-human-like features. At high levels of
realism, atypical features can cause the uncanny valley. Another
possibility is to avoid so-called “dead eyes”. A virtual
character's eyes are crucial in determining its realism. The work
of Schwind et al., which used eye tracking, found that users first
fixate on the eyes before assessing other features. This is
consistent with previous research showing that the realism and
inconsistencies of human characters are primarily judged based
on the realism of their eyes [12]. This also explains why skin
makeup does not affect animacy, unlike atypical eyes or the eyes
of a deceased person. The symptom of “dead eyes” can make
artificial characters feel eerie and strange. The eyes
communicate intentions, behavior, and well-being, which are
essential for assessing and creating affinity for the depiction. It
is important to clarify this and many other problems regarding
the appearance of the avatars beforehand in order to increase
user acceptance. Uncanniness could distract the user from the
actual idea and thus reduce acceptance [11].

To solve these problems and to offer a way to conduct more
systematic, general, and repeatable research on virtual human-
like avatars, we developed a database for avatars based on the
findings of Phillips et al. and thus continues the research of the
uncanny valley. This paper begins by highlighting the problems
that arise when there is no fixed way to evaluate the concept of
the uncanny valley. Section 2 presents the methodologies
employed to construct the database of avatars, the instructions
for the human-likeness and uncanny valley questions, and the
specific details of the survey. Section 3 presents the results of
the survey and Section 4 interprets the results accordingly.
Finally, Section 5 summarizes the results of the collected work.

Il. METHOD

A. The Avatar Database

Similar to the ABOT database by Phillips et al., the avatar
database pursues three goals. Firstly, it offers an overview of the
broad landscape of different human-like avatars. Secondly, the
avatar database provides standardized images of human-like
avatars and a growing dataset of people's perceptions of these
avatars, both of which will be made public for further research
in the future. Thirdly, the Avatar Database can help us better
understand what makes an avatar appear human. To begin, we
will discuss the development of the database. Then, two
empirical studies will identify various dimensions of avatar
appearance and determine which of these dimensions contribute
to the perception of overall human-likeness of avatars.
Subsequently, a further empirical study on the validation of the
database is presented and a possibility for future research is
introduced.

B. The Development of the Avatar Database

To create a comprehensive database of human-like avatar
images, we searched for as many avatars as possible with the
required human-like appearance characteristics. The avatars
were identified from various sources, such as game characters,
technology-oriented media, companies and university websites,
online communities and discussion forums, and general Google
searches. To identify avatars that had not yet received significant
media attention, we also created our own avatars based on real
humans and fictional characters, using various modular systems
and scanning tools. Between January 2024 and April 2024, we
created an initial collection of over 200 images of human-like
avatars, each with one or more different characteristics.

Next, we reviewed the collection of avatars and removed
those that were already represented in the same or similar
enough form, for example avatars that only differed in clothing
but not in body. In addition, avatars that are too similar to
animals have also been removed because this study explicitly
looks at human avatars. Each image also had to fulfil a certain
standard to be included in the collection: No obstacles, no
motion blur, no groups pictures, in color, and the entire body
(With feet, hands, and head). In addition, all pictures were taken
one more time in a close-up of the face. This allowed the
participants to examine the entire body and then explicitly the
face for the individual features. Any image that did not fulfil this
standard was either not included in the collection or removed
accordingly. For characters that were important for the
collection, such as avatars that reflect a well-known personality,
we created a suitable avatar ourselves. We also included avatars
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based on images created by artificial intelligence (Midjourney)
and labelled them for later investigation. Based on this approach,
we have created a collection of 200 avatars, with the
corresponding source for downloading the avatars.

It was important to us that we cover as many different types
as possible with the large number of avatars, such as cartoonish,
stylized, realistic or minimalist. In addition, it should be possible
to find an avatar that is reduced to the desired characteristics
with the help of filters. This is a similar concept to searching for
robots in the ABOT database. With the difference that here the
avatars can be downloaded with the help of the source and used
for further purposes. Some of the characters were also tested
with the help of the unity engine and put to the test for suitable
images. This was especially the case with avatars that we
developed ourselves for this collection.

The images in the database were sorted and edited to ensure
uniform recognition. This was done to ensure consistency in the
images. Avatars were photographed in a frontal and neutral
position with a neutral facial expression whenever possible. For
avatars where this was not possible, and the model was available
for free download we rendered them again in the unity engine
and photographed accordingly. Finally, the images were
cropped to just the avatars with a white background using
photoshop and tagged with different tags for better analysis.
Here, for example, attention was paid to the recognizable
gender, potential age, art style and source. In Figure 2 you can
see all the avatars used for this study.

C. Measuring the human-likeness

To accurately determine the degree of humanity in avatars,
the individual avatars must be evaluated according to clearly
defined characteristics. Because we are dealing here with
human-like avatars and not anthropomorphic robots, we are
unfortunately unable to use the results of the work by Phillip et
al. [3] But, we can use a similar approach to determine the
characteristics that we will use later. We rely on a bottom-up,
feature-based approach and base our expectations on the results
of the work of Phillip et al. Our goal with this approach was to
define the individual features that constituted humanity in
avatars and then bundle them together.

To determine the appearance characteristics of our avatars,
we have created a collection of possible characteristics based on
the work of Phillip et al. [3]. We then checked all the images for
the respective characteristics and deleted any that did not fit.
This included features that were rare, repeated, or confusing. As
a result, we defined 16 characteristics that we used for our
further procedure. In addition, like Phillip et al., we decided to
contribute definitions for the features. We started with relevant
definitions from the Oxford English dictionary [13] and adapted
them according to our application. For example, we were able to
retain the biological functions for features such as “mouth”
because our test objects are not robots but human-like avatars.
This resulted in a table of features and their definitions. These
definitions served as a way for our participants to focus on
certain characteristics when evaluating the avatars. Since they
are human-like avatars and not robots, all characteristics are
always present in some form. They only differ in their design.
For example, each avatar has a “skin” that can be black, white,
brown, et cetera. However, there are also avatars that do not have
smooth white skin and are instead green with lots of dots.
Therefore, the question here is not whether the respective

characteristic is present, but rather to what degree it stands out.
With the help of these characteristics, we were able to provide
clear points of reference for the participants to evaluate the
avatars.

TABLE 1. COLLECTION OF APPEARANCE FEATURES AND ASSOCIATED
DEFINITIONS

Feature Definition

Arm The upper limb of the human body,
or the part of the upper limb between
the shoulder and the wrist.

Eye The organ of sight. Either of the
paired globular organs of sight in the
head of humans.

Eyebrow The (usually arched) line of short
fine hair along the upper edge of

each of a person’s eye sockets.

Eyelashes The line of hairs fringing each edge
of an eyelid, serving to help keep the
eye free of dust or other extraneous

matter.

Face The front part of the head, from the
forehead to the chin, and containing
the eyes, nose, and mouth.

Finger Each of the five slender jointed parts

attached to either hand.

Genderedness Features of appearance that can
indicate biological sex, or the social

categories of being male or female.

Hand The terminal part of an arm,
typically connected to the arm by a
wrist. A hand is normally used for
grasping, manipulating, or
gesturing.

Head The uppermost part of a body,
typically connected to the torso by a
neck. The head may contain facial
features such as the mouth, eyes, or
nose.

Head hair A collection of threadlike filaments

on the head.

Leg The lower limb of the human body,
or the part of the lower limb between
the hip and the ankle.

Mouth The orifice in the head of a human or
other vertebrate through which food
is ingested and vocal sounds

emitted.

Nose The part of the head or face in
humans which lies above the mouth
and contains the nostrils.

Skin The layer of tissue forming the
external covering of the body.

D. Measuring the uncanniness

For the question of how uncanny the avatars are, we used the
study by Kim et al. [6] as a guide. They also conducted a large-
scale study with the help of the ABOT database and, based on
the results of Phillip et al. [3], conducted a follow-up study in
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Figure 2. All 200 human-like VR avatars in the database.

which they compared the robots in terms of human-likeness and
uncanniness. We also used the same definition of uncanniness
to encourage participants to apply a standardized criterion in the
evaluation. The participants were given the following definition,
uncanniness is: “The characteristic of seeming mysterious,
weird, uncomfortably strange or unfamiliar.” This definition
was derived from the Oxford English dictionary's definition of
uncanniness.

E. Participants

For the study, we recruited a total of 160 participants via
Prolific ~crowdsourcing website. Data collected via
crowdsourcing, websites such as Prolific is currently very much
in vogue. This is mainly due to the fact that the data can be
collected very easily and quickly and there are already studies
showing that the data collected here can keep up with traditional
methods in terms of quality [14]. Nevertheless, the data should
also be checked for quality [15]. We have therefore decided to
incorporate various quality checks into the data collection
process. Firstly, all data sets with incorrect answers to six or
more “catch trials” are removed. Secondly, we considered a lack
of variation in ratings between participants as an indicator of
inattention. Therefore, we removed data from participants
whose ratings had a standard deviation of less than 10 (SD < 10)
on a scale of 0 - 100. Finally, we compared each participant's
ratings with the average of the remaining judgements in their
group (between participants) by calculating the correlation
between the individual judgements and the remaining
judgements in their group. If this correlation between the
individual participant's ratings and the group mean was less than
30, the participant's data were discarded as these individuals
may have been performing a different assessment task to the

group. After this quality check, the total number of participants
was 143 (M Age = 20, SD Age = 10, 104 Male, 41 Female, 2
No Responses). This means that each avatar had a rating of 15 -
20 participants.

F. Design and procedure

The 200 avatars were divided random into four groups of 50
avatars each. Each group was also provided with 10 catch trials.
This meant that each group had 60 avatars, which were rated by
20 participants. Because two different questions were asked in
this study, one asking, “how human-like is the avatar?” and the
other “how uncanny is the avatar?”, we asked each group twice.
This gave us a total of 4 groups of 60 avatars per question.

The participant begins the survey with a brief introduction to
the topic and a short briefing on how to complete the survey.
This was followed by an example task on how the participant
should rate the avatars. The same example avatar was used for
each block. The participant sees two pictures of an avatar on
their screen. On the left the entire body and on the right the
profile picture with the face in focus. Below the pictures is the
definition of the respective question. For the question about
human likeness, the participant sees the various characteristics
that make an avatar like humans and a slider from 0 to 100.
Above the slider is the question “How similar to humans do you
think this avatar is?” (0 - not at all like humans and 100 - very
similar to humans). We used a similar method for the question
of how uncanny you think the avatars are. You can see the same
pictures and again a slider from 0 to 100 but this time with the
definition about uncanniness and the question “How uncanny do
you think this avatar is?” (0 - not uncanny at all and 100 - very
uncanny). The participants are randomized into one of the
respective groups and are only allowed to answer one question
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Figure 3. Four scatterplots a) Total scope of all avatars b) Only avatars representing children c) Avatars caricaturing a real-life person d) Avatars representing a
cartoonized style. This Y axis has been inverted to represent the uncanny valley.

type. This is to prevent the questions from influencing each
other. The catch trials are pictures of real people or objects that
have also been randomized into the respective groups.

After half of the questions, the participants were given a 10-
second break during which their attention was drawn to the
definition and characteristics again. After judging all the images,
participants were asked to complete a demographic
questionnaire in which they were asked to indicate their age,
gender, native language, level of education, previous knowledge
of robotics and experience with virtual avatars. The entire study
took approximately 5 minutes to complete, and participants
received $1 as compensation for their participation.

I1l. RESULTS

For the data analysis, all the results of the individual surveys
were added together and an average for human likeness and
uncanniness was calculated for each avatar. We then inserted
these results into Microsoft Excel to generate various graphs.
Looking at the first graph (Figure 3 a), no uncanny valley can be
recognized. Instead, there is a linear gradient between the two
factors uncanniness and human likeness, with uncanniness
decreasing as human likeness increases. However, if one does
not look at the entire amount of data and instead only at certain
categories, such as only avatars that represent children, an
uncanny valley is clearly recognizable. Just as in Mori's uncanny
valley hypothesis [1], a large valley can be recognized between
the moderately realistic and realistic avatars. When looking at
other avatar categories, a slight uncanny valley can also be
recognized. The other avatar categories, such as avatars that are
based on a real person and represent them as a caricature, also

have a slightly uncanny valley. The same applies to avatars that
are not based on a real person but are depicted as a cartoon.
based on a real person and represent them as a caricature, also
have a slightly uncanny valley. The same applies to avatars that
are not based on a real person but are depicted as a cartoon. To
further investigate these results, we performed a polynomial
mixed fit for the three different categories of. We determined the
different coefficients of determination = r2 for different
polynomial mixed effects 3rd, 4th, and 5th models. In addition,
based on the results of Kim et. al. [6] we also assumed that if
there are one or more valleys here, then these are recognized in
the 4th or 5th polynomial model.

IV. DISCUSSION

Using a database of 200 different VR avatars, we were able
to find evidence for the uncanny valley phenomenon of Mori et
al. [1]. Contrary to expectations, however, this was not the case
for the entire sample, but only when we looked more closely at
different sub-categories of avatars. This means that when many
different avatar categories, such as different age classes or
different styles, are analyzed together, the individual graphs
overlap and thus close the uncanny valley. The valley can only
be created if the data is sorted precisely.

Particularly noticeable here were avatars representing
children. We found that when trying to make this type of avatar
more realistic, some avatars were perceived much more
negatively than avatars that did not try. Avatars that received a
lower human-likeness score of under 40 out of 100 points for
uncanniness were significantly better than those with a higher
humanlike score and over 60 out of 100 points for uncanniness.
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This phenomenon cannot be replicated in the other age groups.
We assume this is due to the proportions of the avatars. Because
the unrealistic avatars in particular have a significantly larger
head than the realistic avatars, which have normal proportions
here. We were able to make this observation with the caricatures
of real personalities such as former presidents of the USA. An
uncanny valley can also be recognized here and, like the avatars
representing children, these are mainly avatars with unusual
proportions. This could be since an attempt was made here to
depict real people and by increasing the similarity the avatars
fall into uncanny again. However, categorization has also
significantly reduced the number of data sets, which means that
the coefficients of determination are very low and therefore not
highly representative. This in turn can lead to the fact that certain
types of avatars could not be evaluated to their full extent and an
even larger database with many more avatars is needed. For
example, a minimum number of avatar types could be
predefined to ensure representativeness and thus fill the database
more evenly. Furthermore, as a pilot study, the work focused on
the development of the database and the study itself. As a result,
the chapters Results, Discussion and Conclusion are somewhat
shorter. The focus on the results and thus the length of the
respective chapters will change in the subsequent papers.

V. CONCLUSION

With the drastic development of virtual reality and the
constantly growing environment and possibilities it offers us,
human-like avatars are also becoming an important topic that
will affect us in the coming years. Even now, avatars from
different areas are being rated according to their appearance and
the term uncanny valley is being used more and more
frequently. Based on the results of this study, we were able to
find out that the uncanny valley is not an all-encompassing
phenomenon in relation to VR avatars. Instead, the uncanny
valley can only be found when taking a closer look at the
individual subcategories of avatars. For example, if you take all
the avatars in this database, there is an increasingly linear
development between human-likeness and uncanniness, with
the uncanny factor decreasing as human-likeness increases.
However, if you look at certain subcategories, you can see a
valley. This observation can also be observed in other
categories, which leads us to assume that an overlap between
the individual categories means that the uncanny valley is
closed and thus balanced out by different avatars. In order to
confirm this assumption, further and possibly even larger-scale
studies than this one are needed. And by continuing to develop
this database, we want to make this possible for everyone.
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Abstract— This work is a follow up to our previous studies “2D
Virtual Learning Environments for Tertiary Education”
carried out in 2022 and “Comparison of 2D Virtual Learning
Environments with Classic Video Conferencing Systems for
Tertiary Education” carried out in 2023. The main focus was to
analyse the suitability of a 2D Virtual Learning Environment
(VLE) for tertiary education using the desktop-based 2D
immersive environment 'gather.town' and to compare it with
classic video conferencing systems. In these two studies, the
results suggest that the immersive 2D environment is holistically
suitable as a learning environment in the tertiary sector and,
including exam grades, it was found that students perform
better with virtual 2D learning environments than with classic
video conferencing systems. In this short paper, we conclude the
study of the Master's courses with the video conferencing
system in the series of seminars and look forward to the next
round of examination with the virtual 3D learning environment.

Keywords-Virtual Learning Environments; Online Teaching;
Tertiary Education; 2D Environments; Desktop Virtual Reality;
Zoom; gather.town; 3D Environment.

I. INTRODUCTION

This paper is based on the first studies published in 2022
in the International Journal on Advances in Systems and
Measurements, vol. 15, no. 3 & 4 with the title “2D Virtual
Learning Environments for Tertiary Education” [1] and the
related to that “Comparison of 2D Virtual Learning
Environments with Classic Video Conferencing Systems for
Tertiary Education” published in 2023 [2] [3]. To complete
the comparison, the two seminars were conducted and
examined, as shown in Figure 1. Contrary to the original
planning in [2], a 3D desktop environment was not used, but
Zoom as a classic videoconferencing system. The use of 3D
desktop is now planned for the winter term 24/25. Several
studies have been published on online learning, especially
with Learning Management Systems (LMS) such as Moodle
and video conferencing systems, especially Zoom [4] [5] [6],
accompanied by papers on the phenomenon of “Zoom
fatigue” [7] [8] [9]. This highlights the need for alternative
online learning environments with less immersive desktop
environments such as gather.town [10]. Lo and Song [11] con-

Seminar ,Scenario based Strategic Planning” (Strategy)

2D Desktop gather ideo Conference zoom

' =T =N
L&

Learning environment:

OLLES, IPQ
Qualitative Interviews.
Exam Grades

OLLES, IPQ

Measuring instruments: Exam Grades

Winter Term 22/23

Winter Term 23/24

Figure 1. Timeline, seminars, learning environments and measuring
instruments for this study.

ducted a review of the empirical studies in gather.town and
found that there is still a lack of studies outside of computer
science courses that examine students behaviour and learning
outcomes. The authors also found that most of the studies
were of short duration and suggested studies of longer
duration. In conclusion, the suitability of 2D Virtual Learning
Environments for tertiary education has been analysed
descriptively  and tested statistically through a first
comparison between 2D Virtual Learning Environments and
classic video conferencing systems. This comparison will now
be completed with the inclusion of the second seminar
strategy. The aim of this and the following research is to
analyse the differences between the learning environments in
order to improve online education in tertiary education. As the
learning environments gather.town and Zoom have been
described in our previous paper [2], as well as the
measurement tools used, the Online Learning Environment
Survey (OLLES) [12], the Igroup Presence Questionnaire
(IPQ) [13] and qualitative interviews we only give the
experimental procedure and the sample in Section 2. Section
3 summarises the results, which are then discussed with some
limitations in Section 4. Section 5 concludes the paper with
the main conclusions and future research.
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TABLE I. MANN-WHITNEY U TEST WITH RESULTS OLLES FOR STRATEGY
Dimension Median Median exact p z-Value Effect size r
gather.town Zoom

Student Collaboration (SC) 3.30 3.80 0.169 -1.401 -0.275

Computer Competence (CC) 5.00 4.90 0.858 -0.201 -0.039

Active Learning (AL) 3.10 3.20 0.521 -0.667 -0.131

Tutor Support (TS) 3.80 3.60 0.159 -1.432 -0.281
Information Design and

Appeal (IDA) 3.40 3.60 0.765 -0.318 -0.062

Material Environment (ME) 4.05 4.00 0.907 -0.133 -0.026

Reflective Thinking (RT) 2.85 3.00 0.688 -0.422 -0.083

Il. METHOD 1. RESULTS

A. Experimental procedure

Before the first seminar, all subjects were familiarised
with the Zoom environment, which was quite common for
students. In addition, the OLLES questionnaire was
introduced as it was used in its original English language, but
the subjects were not native English speakers. Both seminars
were held over 4-5 days, with each session starting in the early
afternoon and lasting 5-6 hours. Both seminars were held
exclusively in Gather and Zoom, respectively, with a total of
one measurement point after the last seminar. Both
questionnaires were completed online immediately after the
seminar. Assuming similar results for the qualitative
interviews at the point of Zoom as in the previous round [2],
they were not condurcted for the Zoom seminar in this round.

B. Sample

All data were collected at the Technical University of
Applied Sciences Wirzburg-Schweinfurt during the seminar
“Scenario-based  Strategic  Planning” (hereafter  just
“Strategy”) of the master programme “Integrated Innovation
Management”. The seminar “Strategy” was held in Zoom, as
shown in Figure 1. As could be shown in the previous studies,
it seems to be sufficient to have only one measuring point.
This was proved by using the Wilcoxon test, which showed
that there was no difference between time point 1 and time
point 2 regarding the OLLES questionnaire. The same was
done for the IPQ. There were differences on one scale, which
can be explained, and the difference was not confirmed in the
second seminar Trend [2]. A total of 12 subjects participated
in the Strategy seminar. However, only 10 subjects completed
the questionnaires. This leaves n = 10 valid subjects for the
final analysis. The average age of the subjects is 24.3 years,
with a minimum of 22 years and a maximum of 26 years. Of
the n = 10 subjects, 6 are female (60.0%) and 4 are male
(40.0%)).

In this first round of data analysis, the results of the
OLLES questionnaire were compared to check for differences
between the two different online learning environments. This
was done by checking whether the central means and medians
of the two surveys were significantly different. This is done
by calculating whether the mean or median of the “Strategy
Zoom” survey differs from the mean or median of the
“Strategy gather.town” survey. The t-test for independent
samples (two-sample t-test) is used to calculate the differences
between the means. This requires that the indices are normally
distributed. This is not the case for the CC_Mean and
TS_Mean indices. Therefore, the analyses are recalculated
using the U-test for independent samples (Mann-Whitney U-
test). This calculates whether the two medians are
significantly different. As shown in Table I,the medians of the
two surveys, gather.town and Zoom, are not significantly
different.

IVV. DISCUSSION

In contrast to the results of the second round in winter term
22/23, the results show no significant differences between the
virtual learning worlds gather.town and Zoom. In the second
round, significant differences were found in the variables
Active Learning (AL) and Information Design and Appeal
(IDA) [3]. Although it was a different seminar, the didactic
and structural elements are very similar and therefore do not
explain the difference. Probably the small number of subjects
makes it difficult to interpret the results. A further analysis of
the not yet evaluated data could possibly help. Therefore, in
the next step, also the results of questionnaire IPQ and the
exam grades of the Strategy and Trend seminar will also be
examined. Furthermore, it might be interesting to look at the
different results of the two seminars in Zoom, once in Strategy
and once in Trend (Figure 2).
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Figure 2. Overview of seminars, learning environments and measuring instruments for finished and planned studies.

V. CONCLUSION AND FUTURE WORK

This study, with the partial results of the third round of the

long-term study on virtual learning environments, confirms
the previous rather small differences between the virtual
learning environments gather.town and Zoom. At least for the
results of the OLLES questionnaire that has been analysed so
far in the third round. The differences in the OLLES variables
Active Learning (AL) and Information Design and Appeal
(IDA) could not be confirmed in this round; in fact, there were
no statistically significant differences. The results of the IPQ
questionnaire have yet to be analysed. In addition, another
round is planned for WS 24/25, in which the same seminars
will be held in a virtual 3D desktop environment (Figure 2).
As discussed in previous publications, the small number of
subjects is a limiting factor in interpreting the results, but at
the same time the research design allows for comparative
analysis over a long period of time. Nevertheless, it will be
explored how the number of subjects could be increased and
also to what extent ethical aspects could be addressed by the
use of VLE in education [14] [15].
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Abstract—This paper introduces a digital platform concept
derived from a comprehensive study of a clothing charity thrift
store and its operational model, aimed at enhancing communica-
tion and coordination among a diverse workforce. The platform
was created using Participatory Design (PD) and Computer
Supported Cooperative Work (CSCW) principles. Insights into
the thrift store’s operations were gained through observation and
interviews, informing subsequent co-design workshops where the
final artifact was collaboratively developed. The resulting plat-
form prioritizes accessibility and usability, featuring a dashboard
display with a stylus and a mobile application that promotes
collaboration and communication via mixed-reality technology
and shared space. It emphasizes the ability of collaborative
digital platforms to improve communication, organization, and
productivity among charity thrift store employees.

Keywords-participatory design; PD; computer supported cooper-
ative work; CSCW; thrift store.

I. INTRODUCTION

Fast Fashion (FF) is a retail technique whereby businesses
use marketing strategies to keep up with the newest fashion
trends by regularly updating products with quick renewal
cycles and quickly turning the inventory [1]. The Spanish
corporation Zara introduced the concept of FF to the United
States in the 1980s, which quickly gained popularity. Over the
past two decades, there has been significant growth in the FF
market share. In fact, the consumption of apparel is predicted
to increase by 63% by the year 2030 [2]. Though clothing
poverty is a topic that sheds light on the uneven development
of our society, revealing a hidden world of fashion that many
are not aware of emphasizing the social and environmental
consequences associated with the FF industry [3]. For many
people who are living in poverty, buying clothes is a luxury
that they simply cannot afford. This issue has led to a growing
movement of charitable organizations that focus on providing
clothing to those in need. Not only is this work beneficial for
those who lack the means to buy new clothes, but it can also
be environmentally friendly.

Non-Profit Organizations (NPOs) with philanthropic and so-
cial goals are known as charities [4]. Charity thrift stores play
an important role in assisting those in need by providing low-
cost or free clothing and other items. It has a significant posi-
tive impact on the economy, society, and the environment [2].
However, volunteers frequently face difficulties collaborating
with one another while organizing donations and maintaining
inventory [5]. Compared to for-profit organizations, NPOs tend

to be more decentralized [4]. This study focuses on creating a
collaborative digital platform for charity thrift store employees
to enhance communication and task coordination, ultimately
improving the efficiency and effectiveness of the store’s op-
erations. This platform aims to address these challenges and
provide a more rewarding work experience for charity thrift
store employees while better serving their communities by
leveraging the principles of PD and CSCW.

Our study is based on a Clothing Center, which has provided
free clothing to more than 1,600 people since May of 2022.
According to the clothing center, a significant number of
people in this area are experiencing financial difficulties, with
low-income households relying on social benefits, disability
allowances, unemployment benefits, and other forms of assis-
tance. The clothing center exemplifies how charitable organi-
zations can have a significant impact on the community, and
our proposed digital platform will help similar organizations
by streamlining the donation and inventory management pro-
cesses by improving communication and coordination among
employees.

The purpose of this study is to investigate the creation
of a collaborative digital platform specifically designed for
charity thrift store employees. Our primary goal is to answer
the following research question: ” How can a collaborative
digital platform improve the efficiency and effectiveness of
communication and task coordination among workers in a
charity thrift store?”.

The paper is structured as follows. Section 2 provides an
overview of existing literature, while Section 3 presents the
framework used in this study. Section 4 outlines the method-
ology utilized, and Section 5 presents the study’s findings.
Finally, Section 6 engages in a discussion, while Section 7
concludes the study.

II. LITERATURE REVIEW

Few researchers have looked into the possibility of PD and
CSCW collaboration in a variety of settings. Paras et al.,
investigated the current clothing reuse industry in order to
develop a charity-driven model for the reuse-based clothing
value chain in their study [5]. David and his co-authors
proposed a new online collaboration platform for the exchange
of goods between various organizations in order to improve
communication, foster collaboration, and more efficiently and
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effectively fulfill each organization’s mission while also in-
creasing community involvement [6].

Vyas & Dillahunt, emphasize how people who are finan-
cially struggling demonstrate resilience in the face of adversity,
which may assist them in understanding how technologies can
support their current efforts [7]. Then, they offer empirical in-
sights into their participants’ situated resilience and articulate
how design can support their existing social and collaborative
practices. In a study conducted by Bysani et al., they proposed
an Remote Sharing Network (RSN) solution for the workplace
that promotes collaboration [8]. The system enables people
to work both independently and collaboratively, spawning a
new category of professionals known as e-professionals, who
can collaborate online regardless of their physical location
[8]. Michelini et al., aimed to shed light on how new digital
technology is reshaping alternative distribution networks and
what kind of value is added by the many developing models
in their paper [9].

However, few or no studies have focused on enhancing
collaboration and communication within NPOs such as charity
thrift stores using the PD method and CSCW. Therefore, this
study aims to fill this research gap by exploring how PD and
CSCW principles can be tailored to the context of NPOs,
specifically charity thrift stores, to enhance collaboration and
communication among volunteers and staff members.

III. FRAMEWORK

Effective collaboration demands diverse participation and
clear communication, integrating varied perspectives for suc-
cess [10]. Cultural backgrounds shape communication styles
[11]. Shared-space technologies enhance coordination in coop-
erative work environments [12]. Mixed reality expands collab-
oration possibilities, reshaping how we understand and model
collaborative efforts [13]. Our project leverages mixed reality
in a dashboard display and mobile application. Cooperative
work relies on communication to determine task significance.
Activity theory informs our understanding of human-computer
interaction [14].

CSCW is a field of study that looks into individual collabo-
ration and the impact of technology on teamwork. Understand-
ing team member roles, assessing the effects of technology
on collaboration, and promoting effective communication are
all necessary design principles and guidelines for encouraging
authentic teamwork. The location or context of CSCW design
is not fixed or predetermined [15] [16] [17].

PD is a collaborative design approach where designers
involve end-users in the design process to prioritize their needs
and promote empowerment and ownership over technology.
PD has been globally implemented and demonstrated its
effectiveness in meeting users’ requirements [18] [19]. PD
considers users as domain experts, ensuring their crucial role
in the design process and producing computer systems that
address real-world practical challenges [20]. Designers choose
PD for practical or political reasons, recognizing users’ right
to have a say in the technology they use [21].

IV. METHODOLOGY

Our research aimed to develop a collaborative digital plat-
form for charity thrift staff members to enhance their com-
munication, organization, and productivity. The methodology
included observation, interviews, and workshops with the staff
members. The following sections describe each step in detail.

A. Contextual Background of the Thrift Store

The charity thrift store, which serves as the focus of our
project, operates as a small organization reliant on the efforts
of approximately 30 individuals. Among these workers are
individuals of varying ages, with most facing disabilities or
illnesses. Operating for four days each week with two shifts,
the store undertakes diverse tasks. Initially, workers interact
with customers and collect clothing donations, meticulously
documenting each item received to ensure equitable distribu-
tion. Subsequently, workers transition to the warehouse phase,
where tasks include sorting, cleaning, and organizing items.
Communication and task management are facilitated through
platforms like Facebook, aiding in information dissemination
and task coordination. Additionally, workers handle diverse
items such as children’s toys, accessories, sports equipment,
shoes, and ornaments. Periodic events necessitate enhanced
communication and collaboration among staff members. Con-
sidering the diverse backgrounds and abilities of volunteers,
the development of an accessible and user-friendly collabo-
rative digital platform is deemed imperative for the organi-
zation’s productivity and success. Such a platform has the
potential to optimize communication, task organization, and
overall workplace efficiency.

B. Initial Discussion

Before engaging in formal data collection, an initial discus-
sion session was conducted to establish rapport and gain an
overview of the thrift store’s history, mission, and operational
dynamics. A sense of trust and collaboration was hoped to
be established with the staff members by authors, through
establishing a relationship with them, which was believed to
help facilitate the research process.

C. Observations

Two observation sessions were conducted to gain insights
into the thrift store’s operations. The first session, held after
an initial discussion, aimed to validate and contextualize infor-
mation obtained during discussions. This timing allowed for
observations of day-to-day activities, collaboration patterns,
and interactions among staff members and with customers.

The second session, conducted after interviews, included a
visit to their warehouse to observe activities, collaboration, and
cooperation inside the warehouse and between the store and
warehouse, and the overall setup of both the warehouse and
the store. Activities, communication patterns, and interactions
during both sessions, noting any notable behaviors or practices
was observed by the authors. During the warehouse visit, it
was observed that staff members are using a manual dash-
board, including a blackboard and pen to manage their work
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Figure 1. Manual dashboard inside the warehouse.

schedules and a whiteboard to write their to-do lists. The to-
do list included different themed Facebook posts that needed
to be posted and a goods holding list for customers. The
customer holding list included the date, the type of goods the
customer needed, its size, and customer details. Refer to the
manual dashboard, as illustrated in Figure 1, observed during
the warehouse visit. This observation provided additional
insights into the daily operations of the charity thrift store,
supplementing the data obtained through interviews. These
observations were structured to provide a holistic view of the
thrift store’s functioning and complement insights gained from
discussions and interviews.

D. Interview

The interview was conducted after the initial observation
session to gain a deeper understanding of the thrift store’s
daily work processes and communication patterns among staff
members. To accomplish this, a semi-structured interview was
conducted with the founder of the thrift store. The reason for
interviewing the founder is the founder’s extensive experience
since the store’s inception and their role as both leader and
worker.

Pre-prepared open-ended questions facilitated discussions
on topics including tasks, workloads, and communication
systems used within the store. This approach aimed to un-
cover challenges, identify opportunities for improvement, and
explore potential technological interventions.

The interview was scheduled during a working day at the
thrift store and took place in a private room within the store.
Throughout the interview, detailed notes were taken, and audio
recordings were made to ensure the accuracy and completeness
of the data. The interview session lasted approximately 30
minutes.

E. Workshop for Co-Design

The workshop was conducted on two different days, with
each day featuring different sessions. The first session focused
on ideating the artifact, while the second session centered on
implementing the ideas generated in the first session. Five staff

members from various roles within the charity thrift store,
all above 18 years old, participated in the workshop. This
diverse representation aimed to capture unique insights and
experiences to enrich the design process. While the selected
participants may not fully encompass all roles within charity
thrift stores, they were chosen to reflect common responsi-
bilities. An introduction to the research and the goals of the
PD workshops was provided to the participants. More details
about the workshop are provided below.

1) Ideation: After conducting observations and interviews,
a workshop was held with the staff members of the charity
thrift store, involving five participants. The workshop included
the founder of the thrift store and various staff members
involved in different activities from different sections of the
store. Customers were not included as participants, as the
collaborative platform was initially aimed at serving the needs
of the store’s staff exclusively.

The main objective of the ideation session was to utilize the
information and challenges that the participants shared through
interviews and observations to create a possible solution for the
thrift store employees, making their work easier and more effi-
cient. Participants and authors engaged in detailed discussions
about potential features and technologies. Pen and paper were
provided to facilitate the drawing and explanation of ideas and
features. Additionally, different types of application examples
were shown to the participants to provide insight into possible
technologies and stimulate brainstorming.

Through their involvement in the ideation process, partici-
pants developed a collective understanding of the platform’s
essential features. While they initially expressed uncertainty
about their exact needs, they ultimately concluded that an
application and digital dashboard would be beneficial for the
staff.

2) Design Implementation: After the conclusion of the first
session, it was collectively decided that what kind of digital
tools they will have. Subsequently, a second session was
conducted to design these digital tools in collaboration with
the staff.
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Figure 2. Photos during the workshop activities.

During this phase, a hands-on approach was adopted, using
paper and colors to create an interactive environment. Mobile
interface-sized paper pieces were provided in green, reflecting
the staff’s preference as indicated in the previous ideation
session and aligning with the store’s logo color. Additionally,
small pieces of paper containing function names suggested
by the staff were distributed to aid in the design process.
Furthermore, additional A4-sized papers, mobile screen-sized
photos, paper pieces to add new features, crayons, colored
pencils, markers, pen, pencil, scissors, and a scale were
provided to empower staff members to introduce new features
or elements to the application. Refer to Figure 2 for photos
from the workshop. Though most of the implementation was
for the mobile application, for the dashboard, they preferred
it the same as the manual dashboard that they were using and
only added some other functionalities as they could access the
dashboard using their mobile application. This participatory
approach aimed to facilitate flexibility in design, allowing
for customization according to the staff’s preferences and
operational needs.

FE. Ethical Considerations

Participants were provided with informed consent forms be-
fore observations, interviews, and workshops, ensuring trans-
parency and respect for privacy. The consent form outlined the
scope of discussions, confidentiality measures, and data han-
dling procedures. These measures upheld participants’ rights
and privacy throughout the research process.

V. RESULTS

After the ideation session, the team agreed on implementing
a dashboard display with a stylus and a mobile application
for the charity thrift store. The application offers essential
functionalities for collaboration and communication. Partic-
ularly, the dashboard with a stylus aims to replace traditional
whiteboards and blackboards in the warehouse. The mobile
app enables staff to access and manipulate the dashboard,
along with other features. Instead of using manual whiteboards
and blackboards to keep track of tasks and schedules, workers
can write on the dashboard just like they would with a pen

Figure 3. Designed application interface.

and paper. They can easily update tasks, mark off what’s been
done, and see what needs attention, all in one place. With the
help of mobile app, workers can access the warehouse dash-
board from anywhere. Even if they’re not in the warehouse,
they can still see what’s going on and add notes or tasks as
needed. The team opted for a green color to align with the
store logo and specified desired application features.

During the design implementation phase, the team collab-
orated to design the mobile application interfaces based on
staff preferences for color, features, and aesthetics. Figure 3
illustrates the designed mobile application interface. The home
page (Figure 4a) showcases various features divided into left
and right sections. The left side includes the Work schedule,
To-do-list, Announcement, and contact information for staff
and officials. The right side contains the Schedule calendar,
Etterlysninger, and a chat option. Features marked with a
star indicate newly designed interfaces. The Work schedule
allows staff members to choose their schedules, similar to
Doodles (refer to Figure 4c). The To-do list (refer to Figure
4b) outlines daily tasks. The Announcement feature facilitates
event announcements, while including staff phone numbers
enable easy communication.

The Schedule Calendar resembles the Outlook calendar for
scheduling appointments and tasks. The Etterlysninger feature
lists customer requests (refer to Figure 4d), including the date,
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Figure 4. The application interface designed during the workshop.

type of goods, name, and number. The chat option supports
both group and individual chats.

Regarding the display with the stylus, staff preferred func-
tionalities similar to their current manual system in the ware-
house (refer to Figure 1). Staff can input information using
the stylus on the display or through the mobile application,
allowing access to information from anywhere without the
need for multiple applications or being physically present in
the store.

VI. DISCUSSION

The principles of PD and CSCW as key concepts throughout
our study. PD principles guided our approach to engaging char-
ity thrift store staff in the different methods, ensuring that the
end-users voices and perspectives were central to the design
of the collaborative digital platform. Our goal was to empower
and instill a sense of ownership over technology among staff
members by actively involving them in the design process.
This approach aimed to cultivate a feeling of investment and
commitment to the project.

The sequential approach of our observation sessions and
interviews provided valuable insights into the activities of
the thrift store. The first observation session yielded valuable
insights into collaboration patterns and interactions among
staff members, customers, and donors. Meanwhile, the second
observation session, which occurred after conducting the inter-
view, helped us to learn more about the warehouse operations
and the store itself. This sequential approach allowed us to
deepen our insights into how the store and warehouse work
together.

The initial observation phase laid the base for our interviews
with the founder. In the interview, the founder shared the
foundation of the store, experiences, store’s functioning, daily
work processes, work culture, and the challenges they’ve
encountered. Their reflections enhanced our understanding and
provided valuable context for the observations made earlier, as
well as for the second observation.

In the second observation, it is observed that the staff
members use a manual dashboard in the warehouse. Although
this aspect wasn’t explicitly mentioned by during the interview,
it highlights the practical tools and methods integrated into

their daily work routines. This observation emphasizes the
significance of triangulating data from multiple sources to
attain a comprehensive understanding of the event [22].

By combining insights from both observation sessions and
interviews, we were able to gain a thorough understanding
of the thrift store’s operations and procedures. This approach
enabled us to capture the nuances of how the store operates
on a day-to-day basis, as well as the broader context in which
it functions.

After the workshop, collaboratively proposed a solution to
enhance collaborative systems within a charity thrift store.
That was a mobile application and a digital display dashboard
with a stylus. Workers can access and manipulate information
using both the mobile application and the digital dashboard,
with the latter containing essential features such as a to-do
list.

One significant advantage of this solution is its accessi-
bility to workers of varying technological familiarity, as the
digital dashboard offers a user-friendly interface, particularly
beneficial for older workers. Moreover, the platform grants
employees the capability to access the dashboard from any
location, harnessing the power of mixed reality technology to
facilitate more efficient collaboration and communication. This
means that workers can seamlessly interact with the digital
dashboard and engage in tasks regardless of their physical
proximity to the workplace. By leveraging mixed reality
technology, the platform transcends traditional boundaries,
enabling employees to collaborate effectively whether they are
in the store, at home, or on the go.

Indeed, shared space demonstrates the potential benefits of
creating a common information space that promotes collabora-
tion and improves communication among workers. By estab-
lishing a shared space and common information, employees
can easily access and contribute to a centralized repository of
information, facilitating collaboration and ensuring everyone is
aware of tasks and progress. This fosters a sense of unity and
shared purpose among team members, ultimately enhancing
efficiency and productivity within the workplace.

During the PD work, participants expressed enjoyment
and effectiveness in being engaged throughout the process,
especially during workshops where they had the opportunity
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to design their own technology and prioritize their needs and
preferences. One member even found it effortless to explain
design concepts. This positive feedback from staff members
regarding the PD approach underscores the importance of
actively involving end-users in the design process of tech-
nological solutions. Ultimately, this user-centered solution is
poised to enhance their work experience, fostering easier,
happier, and more effective work for employees overall.

As the next step, we will conduct separate evaluations for
the application and the digital dashboard. First, a high-fidelity
prototype of the mobile application will be created and dis-
tributed to staff members for a week-long evaluation. During
this period, we will provide them with notes to capture any
comments or thoughts about the application. Following this
evaluation, we will gather feedback, including insights from
the provided notes, to iteratively improve the application’s
performance and user interface. Secondly, we will evaluate the
digital dashboard. Staff members will interact with the mobile
application, and we will simulate the interaction between
the digital dashboard and the mobile application to ensure
seamless communication and functionality between the two
platforms. Throughout these evaluations, we will focus on
assessing various efficiency metrics, such as the time taken by
users to perform tasks, user satisfaction levels, and the effort
required by users. These metrics will be compared between the
existing methods and the proposed platform in charity thrift
stores, providing valuable insights into the effectiveness of the
digital solutions.

VII. CONCLUSION

In conclusion, this research paper aimed to develop a
collaborative digital platform for charity thrift staff members to
enhance their communication, collaboration, organization, and
productivity. The research methodology involved several steps,
as described in Section 4. The study revealed valuable insights
into the daily work processes, communication patterns, and
needs of the staff members, which allowed for the identifica-
tion of potential opportunities for technological intervention.
The workshops were designed to involve the staff members
in the design process of the digital platform, which resulted
in two promising solutions, a dashboard display with a stylus
and a mobile application. Overall, this paper highlights the
importance of PD in developing technological solutions that
meet the needs of users and contribute to their productivity
and success.
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Abstract— Designers facilitating processes of co-creation to
innovate socio-technical solutions often have the need to better
understand stakeholders’ familiarity with the technologies
being addressed. This article investigates the utility of
technology probes to elicit such insights from participants
concerning emerging technologies, such as Augmented Reality
(AR) and Virtual Reality (VR). Focusing on an early phase
workshop in a multi-stage co-creation project, this study
scrutinizes the utilization of a custom-built application as a
technology probe. Findings from the workshop shed light on
how the technology probe elicited the participants' varying
levels of familiarity and perceptions regarding the technologies
in question. These insights enabled the designers to customize
how technologies were mobilized and used in creating the
representational tools needed in facilitating for further co-
creation activities.

Keywords-co-creation;  co-design;  technology  probes;
participatory design; mixed reality; cultural heritage; education.

I. INTRODUCTION

In recent years, technology probes have gained
prominence as valuable tools in the pre-design stage of co-
design frameworks, facilitating exploration and understanding
of emerging technologies within specific contexts [1]. As
described by Newaz, Karlsen, and Herstad [2] “the
PARTIciPED project, jointly financed by the Norwegian
Research Council and the @stfold University College, aims to
undertake research on how cross-sectorial collaboration can
lead to better ways of learning for future generations. The
overall goal of the project is to develop concepts and
principles to explain how Cross-Sectoral Collaborations
(CSC) should be organized and implemented to secure
transformative mutuality. Further, the goal is to explore and
provide empirical evidence on how to organize and implement
CSC in teacher education, to empower teacher students as
confident, interested and engaged autonomous actors in these
projects. This may improve and enhance the student teacher’s
pedagogical toolbox and strengthen the research-based
foundation for educating new teachers.” Throughout the
project, the student teachers (from Ostfold University

College) collaborated with museum educators (from Moss
town and industrial museum), teacher educators (from @stfold
University College) and us (as designers), in order to co-create
a technology-assisted teaching activity, as opposed to
traditional lectures with limited scope for engagement and
interactivity. The aim of the activity would be to help middle
school students actively learn about their cultural heritage,
more specifically the industrial history of Moss town. Within
this framework of co-design, understanding the role of
technology probes becomes imperative, particularly in
gauging participants' familiarity and perceptions of emerging
technologies. This may include technologies, such as
Augmented Reality (AR) and Virtual Reality (VR), which
may enable a greater engagement among students within
educational settings. Reflecting on our pre-design workshop,
we discuss the role of technology probes in understanding the
participants’ familiarity with technology, and how the process
itself may contribute to building familiarity. In the following
sections, we discuss existing literature with regards to co-
design and technology probes (Section II), present our
methodology (Section III), discuss our findings (Section IV)
and finally present our conclusion and plans for future work
(Section V).

II. RELATED WORK

Theoretical underpinnings of co-design frameworks
emphasize the importance of active participation and
engagement of stakeholders throughout the design process
[3]. Technology probes serve as lightweight interventions or
artifacts that elicit responses and insights from users, thereby
informing the design process [1]. In the context of the
PARTIciPED project, probes were chosen as a means to
understand the student teachers’ attitudes towards technology
in general, as well as a specific technological solution
prepared specifically in the context of the project.

Hutchison et al. [1] describe technology probes to be a
specific type of probe that can serve multiple goals: social -
they gather information about technology use and users in
real-world settings, engineering - field-test the technology,
and design - inspire users and designers to envision new
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technological solutions. A well-designed technology probe
must strike a balance between these different disciplinary
influences. From a social science perspective, technology
probes depart from the notion of collecting ‘unbiased’
ethnographic data. Rather, they acknowledge that the
introduction of probes may alter user behavior. In the first
workshop of the pARTiciPED project, which we consider as
part of the pre-design stage of the co-design process [4], the
focus was on the social goal, observing changes in the student
teachers’ attitude towards and their understanding of the
technologies presented. However, as the project progressed to
its generative stage, the focus shifted towards the design goals,
exploring the possible implementation of these technologies
as part of a future solution.

From the perspective of design research, technology
probes draw parallels to cultural probes, such as those
introduced by Gaver, Dunni, and Pacenti [5], which aim to
stimulate reflection through materials like disposable cameras
and diaries. The term 'cultural' denotes the particular
technique employed, which can be adapted to other
approaches, such as empathy or technology [6]. Cultural
probes, however, often are tied to a single activity conducted
at a specific time and may be a representation of the relevant
technologies rather than the actual technology itself. Unlike
cultural probes, technology probes involve the use of actual
technology in real-world contexts to observe its use and gather
insights to inform future technology design [7][8].

1st
Group Workshop —]
10.06.2021
2nd
Group Workshop __|
27.08.2021 Tst
L Student Workshop
3rd 10.09.2021
Group Workshop
03.11.2021 1
Design Card Production 2nd
09.11.2021 = |_  Student Workshop
10.11.2021
4th
Group Workshop
10.12.2022 3rd
| Student Workshop
. 13.01.2022
Prototype testing
31.01-11.02
5th 4th
Group Workshop Student Workshop
28.02.2022 — 04.03.2022

Figure 1. Project Timeline

A successful technology probe is characterized by
simplicity and flexibility, serving as a tool to identify

promising avenues for future technology design rather than a
fully-fledged prototype. Moreover, it is open-ended and co-
adaptive, allowing users to both adapt to the technology and
creatively shape its use for their own purposes [1][9]. Previous
research has highlighted the effectiveness of technology
probes in stimulating creativity, imagination, and
collaboration among participants in various domains,
including education [10][11]. This was also the case in our
project, where we observed creativity both in the content that
was created during the use of the probe, and in the suggestions
of how different technologies could be used to enhance
cultural heritage teaching.

III. METHODOLOGY

The research methodology employed in the pARTiciPED
project draws upon Participatory Design (PD) principles,
emphasizing active involvement and collaboration among
stakeholders. Figure 1. Project Timeline presents the timeline
of major activities of the project. Over the course of nine
months, a series of 9 workshops were conducted (Figure 1),
guided by PD principles, such as 'having a say' and 'mutual
learning' [12]. In this article, we discuss the first student
workshop. This workshop was held on June 10, 2021, serving
as a foundational exploration of various emerging
technologies, such as AR, VR and geolocation in the context
of educational innovation.

A. Pre-Design Workshop

The main participants for this workshop were 51 pre-
service students (university students studying to become
teachers) who were currently in the 4™ year of their teaching
studies. The workshop commenced with an introduction to the
industrial history of Moss, Norway, facilitated by a museum
educator from Qstfold Museums (Figure 2). They were then
given time to discuss the different themes that emerged in the
presentation and visualize their ideas in the form of mind
maps. This contextualization provided participants with
insights into the historical significance of the town, setting the
stage for the exploration of AR and VR technologies.

Figure 2. Museum educator presenting historical context

Following the history lesson, the participants were asked
to fill out an online survey so we, the designers, could gain an
understanding of their familiarity with technology. As
presented in the first image in Figure 3. From left to right,
Screen shot of 1% survey, 2" survey, and geolocated content
creation app the survey included questions regarding the
participants’ previous experiences with technology. We
subsequently introduced the participants to several
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technologies, such as AR, VR, 360 imagery, and projection
mapping. The presentation included images and videos of how
these technologies are, and could be, used to share knowledge,
especially in the context of cultural heritage and museums.

@ Hegskolen i @stfold

& wrepzsapncon

Figure 3. From left to right, Screen shot of 1* survey, 2" survey, and
geolocated content creation app

Figure 4. Screenshot of results of all the submitted geolocated content that
was presented in front of all the participants

After a lunch break, we conducted a 45-minute session
that focused on our technology probe which also introduced
the students to geolocation technology. The students were
given a custom-made mobile application, to create a ‘virtual
museum’ of the university campus. They did this by taking
pictures, recording videos, and adding text descriptions about
different parts of the campus, while positioning the media on
a map (this could be done automatically using their device’s
GPS, or by selecting the location manually). The 3™ image in
Figure 3 shows the interface of the mobile application that was
used by the participants. All the content created by the
participant groups were automatically accumulated into one
‘virtual museum’.

The content was visible as markers on a map, and upon
clicking the markers, it was possible to see the images and
videos, and read the text. The interface where all the submitted
content was aggregated and could be accessed, is presented in
Figure 4. The map is the most prominent feature, with text
content below it. Images and videos are visible on the right
side of the interface.

We spent another 30 minutes together with all participants,
looking through some of the content that was created, and
ended the session with another survey (second image in Figure
3) about the activity they had just completed. The survey
consisted of questions about their experience with the mobile
application, any challenges they faced, as well as possible
applications of such technology in the context of this project.

The final session of the workshop lasted for 30 minutes.
During this session, the participants were asked to identify 3
important takeaways from the day’s activities, reflecting on
the history of Moss town, the impact the industry had on its
society, the technological possibilities, as well as the
educational component of engaging middle school students to
learn about these topics. We ended the day with a 15-minute
session to wrap up and discuss what we would be doing going
forward. The data from this workshop formed the basis for the
subsequent workshops in the pARTiciPED, and also informed
the tools and techniques that would be used going forward.

B. Scientific Method

As briefly described by Newaz, Karlsen, and Herstad [2],
a combination of observation, and surveys was employed to
gather comprehensive data during the workshop. Each method
was selected to provide a nuanced understanding of the
collaborative process and the participants’ interaction with the
technology probe, their surroundings, and each other. We also
wanted to learn about the participants’ familiarity with various
technologies, as well as their creativity during the workshop.

Observation, as a research method, offers insights into
phenomena within "naturally occurring settings" [13][14]. By
immersing ourselves in the participants' environment, we
gained invaluable insights into their interactions, experiences,
and reactions. Through direct observation and retrospective
examination via notes, photographs, and audio recordings, we
uncovered unspoken cues and authentically observed how
participants engaged in the activities.

Survey responses from all participants formed another
crucial aspect of our data collection strategy. Participants were
given 2 surveys to complete. One at the beginning of the
technology session, and a second survey after they had
completed the activities related to the technology probe. The
surveys were designed to capture both tangible and nuanced
aspects of the participants’ engagement throughout the
workshop. The first survey was aimed at learning about the
participants’ familiarity with technology and consisted of
questions related to the use of technology in their daily lives,
as well as questions related to their knowledge of emerging
technologies. The second survey was more reflective about
the workshop. The questions focused on the different
technologies that were presented, the technology probe that
was used, and relevant future applications of the technologies
presented in an educational context. Combining survey data
with qualitative observations fostered a holistic understanding
of the role of the technology probe.

Given the exploratory nature of our study, we opted for an
inductive approach to data analysis, building codes from the
ground up [15]. Initially, each question was assigned a distinct
code category for analysis. We conducted an initial round of
in vivo coding, meticulously examining responses to the
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selected questions. Subsequently, a second round of coding
was performed through thematic analysis, grouping responses
into cohesive themes [16]. Our analysis encompassed a
detailed examination of the responses from both surveys
provided by the 43 student teachers that participated in this
workshop.

By analyzing the gathered data, we were able to reflect
upon the influence of the technology probe on the
participants’ familiarity with the technologies.

IV. FINDINGS AND DISCUSSION

A. Technology probe

During the probing activity, as the students were going
around the university campus in their groups, we observed a
high level of engagement, and energy. The participants were
actively creating photo and video content and uploading it to
the ‘virtual museum’ application. It was apparent that they
were enjoying the activity, as many of the participants were
laughing as they were creating content and reviewing it before
submitting it to the system.

Several of the participants approached us during the
activity as they were not able to upload their videos. We
realized that the system would not be able to accept files larger
than 10 megabytes. This was one of the major challenges that
many of the participants faced. We categorized this as a
technical challenge. Interestingly, most of the participants
were able to troubleshoot the problem themselves. They
understood the file size limit, and subsequently created and
uploaded shorter videos. However, some of the participants
were not able to identify the reason for the upload error by
themselves (despite the error message as shown in Figure 5),
and therefore were not able to troubleshoot the error either.
They of course received help from us to circumvent the error.

&
Send Error

This survey was not able to be sent due to the
following error:

Large attachment file is not allowed. Please
check server max upload size.

Do you want to edit this survey?

Yes No

Figure 5. Error notification about file size that popped up for many of the
participants

More than half of the participants did not feel this technical
issue was a major challenge (Figure 6). Rather they expressed
frustration with the following: the fact that it was hard to be
creative when choosing the location and creating relevant
content for that location; practical things, such as background
noise and people moving in the background when filming.
25% of the participants did not feel they faced any significant
challenges during the activity.

Various Challenges

W Creativity

= None
Practical

m Technical

m Too much creativity

Figure 6. Various challenges reported by the participants

In terms of interest and aptitude, the participants displayed
a strong inclination for the technology in use. The hands-on
experience provided valuable insights into their
comprehension of the available technologies and its potential
benefits within an educational environment. The participants
recognized the ability of this technology to improve student
engagement and learning experiences. This was evident when
all agreed on the relevance of geolocated content-creation
application for teaching middle school students about their
cultural heritage, with many highlighting its pedagogical
value. Some recommended the use of VR and AR to enhance
the students' experience, while others suggested using tools
that the middle school students are already familiar with. One
student said, “most of our students these days use TikTok, so
we could use something like that, to let the students share their
knowledge with others”.

B. Familiarity

The idea of using tools that are familiar, is also relevant in
the context of our workshop. Analysis of participants'
interactions with the technology probe, coupled with survey
responses before and after the activity, provided valuable
insights into their familiarity and comfort levels with the
technologies we presented, such as Augmented Reality (AR)
and Virtual Reality (VR) and geolocation. Initially, less than
14% of participants were acquainted with AR, while over 90%
demonstrated awareness of VR technology. Those familiar
with AR cited examples, such as 'snapchat filters' and
'Pokémon Go', showcasing their understanding of the concept
in relation to systems they were familiar with. Interestingly,
all participants were familiar with GPS technology, although
only 23% could fully articulate its definition.

Drawing from Herstad and Holone's [17] insights on
familiarity as a subjective phenomenon, we understand that
familiarity encompasses individuals' understanding of
themselves, their surroundings, and the activities they engage
in. It manifests through signs, such as easiness, confidence,
success, and performance [18]. In the context of our project,
familiarity with the presented technologies is crucial for
participants' readiness to incorporate these tools into their
teaching practices. Heidegger's [19] concepts of involvement,
understanding, and the unity of self and world further explain
the nuanced relationship between individuals and technology.
Participants' interactions with the technology probe during the
workshop provided tangible evidence of their engagement
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with the tools and their ability to adapt to new technological
environments.

Despite encountering technical challenges during the
activity, such as file size limitations, participants
demonstrated problem-solving skills and adaptability,
reflecting their familiarity with the technology and their
willingness to overcome obstacles. This proactive approach to
troubleshooting aligns with Heidegger's [19] notion of
readiness to respond and act appropriately in each situation.

On the other hand, the challenge of being creative, though
only raised by a smaller number of could also be attributed to
familiarity. Perhaps, those students were not familiar with the
process of creating digital content? Our data shows otherwise,
as only 2 of the 43 students had never edited a video before.
Perhaps they were not creating content online? Or perhaps,
despite regularly creating content to share with friends and
family, these participants were not comfortable doing the
same when the content would be available publicly, or at least
to a group that extended beyond a certain threshold. While we
did not collect any data in this regard, it could be valuable to
explore these questions from the perspective of familiarity.

The workshop not only provided insights into participants'
familiarity with various technologies but helped us create
scaffolds that contributed to their increased understanding and
enthusiasm for utilizing these tools in educational contexts.
Sanders [20] suggests that that designers should understand
the aspirations of ordinary individuals and create scaffolds to
help them realize these aspirations. These scaffolds, according
to Sanders and Stappers [3], are frameworks for experiential
engagement that can facilitate collaborative innovation and
creative expression among stakeholders. In our project, we see
parallels with Sanders' notion of scaffolds. In our case, we
employed technology probes as tools to elicit insights, foster
collaboration, and inspire creative expression among
participants. Sanders [21] further elaborates on the concept of
scaffolds, defining them as tools that foster everyday
creativity and collective creativity. This conceptualization
aligns closely with our approach to Technology Probes, where
we aim to provide participants with tangible experiences and
opportunities to explore emerging technologies, such as
Augmented Reality (AR) and Virtual Reality (VR) in the
context of education.

C. Outcomes

Based on the final feedback session of the workshop, the
top 3 insights we could extract from the workshop include: 1)
as a result of all the activities throughout the day, the
participants were able to establish some common goals for the
project at large, 2) the participants were able to achieve
collaborative creativity while working with each other, not
only in the context of the thematic discussions, but also in the
context of creating content for the ‘virtual museum’
application, and suggesting future developments, and finally
3) the participants gained a heightened awareness of
technological possibilities.

The participants displayed varied levels of understanding
and familiarity regarding the technology introduced. Initially
hesitant about the unfamiliar technology, their understanding
improved as the workshop proceeded, eventually

transforming skepticism into inspiration. Their recognition of
the pedagogical value of technology, particularly in teaching
middle school students about cultural heritage, underscores
the potential of technology probes in fostering co-creation and
collaborative innovation in education. When asked whether
they could see this kind of technology could be relevant to
teach cultural heritage to middle schoolers, an overwhelming
majority responded positively, as evident from the following
selection of responses:

“Yes, it can. Then you don't have to travel to places to visit
them - which can be nice in a pandemic.”

“Yes, absolutely, you can go around and explore different
places and at the same time document it for others”

“Yes absolutely! One can use it to make informative videos
about cultural history”

“Yes, you can use technology to convey so that you can
see what you want and see at any time. Not just when there
is a lecture.”

The hands-on experience with the technology probe also
helped create a scaffold and enabled participants to imagine
its potential applications. This served as a springboard for
structuring subsequent generative workshops. As the
participants became more familiar with the technology and its
applications, they also gained a deeper understanding of
history from the museum educator. To further the design
process, we realized we needed to devise tools and techniques
that could build on this newly gained familiarity and
understanding of both the historical theme and the
technology's potential. The ultimate goal was to allow the
student teachers to conceive of an engaging teaching activity
using the technology, effectively familiarizing middle school
children with their cultural heritage in a fun and easy way.
Consequently, we decided to create design cards, and use
them in the next co-design workshop to represent the
historical themes, technological landscape, and educational
requirements for such a teaching activity.

V. CONCLUSION AND FUTURE WORK

The utilization of technology probes in the pre-design
stage of the co-design process proved instrumental in eliciting
responses and insights from participants. The hands-on
workshop allowed us to gauge the participants' familiarity
with emerging technologies like AR and VR and laid the
groundwork for a collaborative design process that can
facilitate collaborative innovation among the stakeholders,
thereby informing the design and implementation of certain
tools and techniques in the subsequent stages of the co-
creation process. Moving forward, further research in this area
holds the potential to enrich our understanding of the role of
technology probes in educational innovation and participatory
design processes, ultimately contributing to the enhancement
of learning experiences for students.
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Abstract—Teacher education programs should equip future
teachers with the knowledge and experience needed to engage
in cross-sectorial collaborations with external partners. Within
our teacher education programs, we have strategically planned
and organized multiple labs to explore how such learning
activities should be designed. In this article, we present and
discuss the implementation and impact of the three labs from
the perspective of the project leaders. By using the design
choice framework for co-creation, we shed light on the
decision-making process undertaken by project management
to facilitate these labs as third spaces.

Keywords: co-creation; cross-sectorial collaboration; teacher
education; third space.

. INTRODUCTION

External partners increasingly seek and gain access to
Norwegian schools to provide learning activities. Examples
of initiatives organized as Cross-Sectorial Collaborations
(CSCs) include The Technological Schoolbag, Young
Entrepreneurship, and The Cultural Schoolbag (TCS). To
ensure value for both the external partner and the school,
both parties need to take active roles in organizing teaching
activities. The skills needed to actively participate in such
collaborations need to be considered in teacher education.
This increases the likelihood that student teachers will be
able to create value from these partnerships as future
professionals to a greater extent.

In the current article, we elucidate the findings of our
research project, pARTIciPED, led by @stfold University
College (GUC) and funded by the Research Council of
Norway. As part of this project, we have carefully planned
and organized multiple interventions for student teachers to
acquire new skills, perform new roles, and become confident
in cooperation with external partners. The work undertaken
by project leaders (management) has focused on
orchestrating “co-creation processes” that emphasize active
participation and mutual learning, situated in dynamic and
democratic frameworks, or “third spaces” [1, s. 205]. To
understand the many design choices that we have made to
support the learning activities undertaken in this project, we
present and discuss them according to Lee et al.’s [2] design
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framework for co-creation. The framework, with its roots in
participatory design [3] and action research [4], supports the
democratic values pursued in the pARTIciPED project and
systematizes the main aspects that have been considered by
the research team.

In the following, we examine the design and
implementation of three labs where stakeholders from
multiple sectors have come together to co-create courses in
teacher education, with the objective of empowering student
teachers in CSCs as future professionals. The following
research questions guided the analysis:

What are the merits of the design choices made when
implementing labs to understand and innovate CSC within
teacher education?

The present article follows a six-section structure, as
follows: Section Il describes our empirical context—TCS—
an example of CSC in teacher education. In Section 11, we
delve into the details of the three laboratories. The labs
aimed to engage participants in dialog and co-creation. In
Section 1V, we gain insights into the various decisions made
by project leaders to facilitate “third spaces” using the design
choice framework for co-creation. Finally, Section V
discusses the implications of the innovating labs for both
practice and the field of research, culminating in the final
remarks in Section V1.

Il.  THE CULTURAL SCHOOLBAG AS THE EMPIRICAL
CONTEXT OF THE STUDY

In the three labs, TCS is utilized as an example of a CSC,
representing the most extensive third-party collaboration
with Norwegian schools. Since 2001, the program has been
part of the government’s culture policy, offering arts and
culture to every primary and secondary school in Norway,
which encompasses literature, music, visual arts, performing
arts, film, and cultural heritage. Internationally, there are
similar arts-in-school programs that provide arenas for pupils
to experience professional arts and culture, such as the
Skapande skola (Creative School) in Sweden, the Lincoln
Center Institute in New York City, and Listaleypurin on the
Faroe Islands [5][6][7]. According to Breivik and
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Christophersen [6, s. 27, authors translation], these
“programmes, and others in for example, Denmark, the
United Kingdom, and Australia, are however less
comprehensive and reach out to fewer pupils.” Due to its
widespread coverage, TCS stands as “one of the largest
programmes in the world that aims to bring professional arts
and culture to children” [8, s. 33].

Nevertheless, research indicates that teachers often
perceive themselves as having limited influence on TCS
activities they participate in [9], that they lack a clear
understanding of their role [10], and that there is an
asymmetric power relationship between schools and cultural
institutions in TCS [11][12][13][14]. The tensions that may
arise in connection with TCS school visits could be rooted in
different perceptions of the status quo [15]. These challenges
may hinder the fulfillment of the government’s requirement
for TCS, which clearly assigns teachers the responsibility of
“enabling students to have enriching art and cultural
experiences, while also deriving academic benefits from
DKS visits.” [40]. As a result, it is crucial to prepare future
teachers to take active roles when collaborating with artists
and cultural workers, thereby creating value for their pupils.

Recently, there has been a notable increase in the number
of studies offering valuable insights into TCS within the
context of teacher education, addressing various aspects,
such as codesign [16][17], educational design [18],
educational dissensus [19][20][21], and evaluations of course
design [22][23][24]. However, few studies have attempted to
develop concepts and principles that not only describe but
also elucidate how CSCs can be facilitated in teacher
education. This underscores the need for further research to
advance this field.

IIl.  THREE LABS FOR STRENGTHENING THE RESEARCH-
BASED FOUNDATION FOR TEACHER EDUCATION

The three laboratories led by the three authors of this
article all aimed to strengthen the research-based foundation
for TCS/CSC in teacher education and thus promote change,
pursuing a research strategy summarized by Lars Mathiassen
as “engaged research” [25]. The three laboratories were
involved in two different types of teacher education in
Norway from 2021-2022.

Laboratory 1: Performing Arts (Lab Art) invited
participants from teacher education, art education, and
primary schools to co-create a mandatory course unit in
teacher education. The unit provided fourth-year student
teachers, studying to become educators for grades 1-7, with
the opportunity to team up with professional art students to
develop and implement a TCS-performing art project as part
of their placement practice in primary schools. The first
phase focused on sharing practices and finding common
ground; subsequent sessions utilized a multimodal
choreography-informed method to design the first parts of
the course units; and the final stage centered on
implementing and evaluating the course module as a whole.

Laboratory 2: Cultural heritage (Lab Museum)
included an interprofessional design team with participants
from teacher education, museum education, technology
design education, and primary education to co-create and

implement a course unit for fourth-year student teachers to
becoming educators for grades 5 through 10. In the co-
creation of the course unit, most of the time, they were
accustomed to finding common ground and negotiating roles
and making contributions to the plan and the course
materials. In the course itself, the student teachers first
obtained insights into the museum’s collections, topics,
goals, and aspirations to consider how these resources could
fit with the requirements for their teaching. In the next
activity, they used a design game, here using bespoke design
cards, to co-create learning experiences requiring
museum/school partnerships and collaboration in schools.
Finally, the students tried some of these ideas in secondary
schools in the county as part of their placement practice.
Both the Lab Art and Lab Museum were constructed at a
university college in southeastern Norway.

Laboratory 3: Visual art (Lab Dissensus), which
included a range of partners in a forum, was initiated in an
earlier phase prior to pARTIciPED. The Forum consisted of
representatives from teacher education at a university in
southern Norway, a teacher, an artist, and researchers who
collaborate on and discuss on a local level how the inclusion
of TCS in teacher education can lead to a better integration
of art in general and TCS in particular in schools. In the first
phase, the students participated in a TCS visual art project.
The experiences were reflected on and discussed in the
Forum and influenced how the next TCS project was
organized for the student teachers. Here, master’s students in
arts and crafts responded to and discussed observations with
pupils taking part in the project. Based on that, they brought
these responses to the Forum, which was used to inform
further realization of the project for student teachers.

The three laboratories were organized and implemented
with the aim of establishing “third spaces” where
participants learned from each other through dialog and co-
creation. The staging of such a third space aimed to invite
researchers and practitioners to “come together to rehearse
‘the possible’” [1, s. 205]. The notion of the third space is
found in a range of writings [26][27]. In the literature on
education, for example, it is used to describe the gap
between the knowledge that is disseminated at school and the
knowledge that students bring with them themselves [28].
Recently, the concept has been adopted in art educational
contexts [21][29] to provide fresh ground for exploring the
space between art and pedagogy and between artists and
teachers [30][31][32].

TABLE I. THE DESIGN CHOICES FRAMEWORK FOR CO-CREATION [2]
Group Design choice Brief explanation
Project Openness of Decides the degree of flexibility
preconditions the brief available for interpretation and
innovation within the
requirements of the design
project.
Purpose of Decides how the co-creation
change activities seek to achieve change.
Scope of Scope of design decides what is
design to be designed in the co-creation
workshops.

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-163-3

23



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

Group
Participants

Design choice
Diversity in
knowledge

Brief explanation

Assemble participants who,
collectively, encompass all the
necessary knowledge and
practice-based expertise relevant
to the practices impacted by the
co-creation.

Accommodate for differing
interests between the participants.

Differences in
interests

Distribution Equalizing power asymmetries
of power between the participants.
Co-creation Types of Deciding types of activities.
events activities
Setting for Selecting the appropriate setting.
co-creation
Project results | Outputs of the | Immediate deliverables.
project

Outcomes of
the project

Long-term impact.

IV. FACILITATING THE LABS

To gain insights into the various decisions made by
project leaders to facilitate the use of labs as third spaces, we
use the design choice framework for co-creation developed
by Lee et al. [2]. The framework comprises 10 design
choices categorized into four groups (Table 1).

A. Navigating design choices for project preconditions

The design choices pertaining to project preconditions, as
outlined by Lee et al. [2], is openness to the brief, purpose of
the change and the scope of design. In all three labs, the
project team started with a predefined brief with the clear
aim of strengthening student teachers in future collaborations
with the art and cultural sector. The mode of inquiry and the
level of flexibility afforded were, in accordance with Lee et
al. [2], limited, because there was little openness to thinking
outside the box regarding the objectives and problems the
laboratories were meant to address. The main reason for this
was that the laboratories originated from pARTICIPED, an
externally funded project, and the project leaders had
received support specifically to address challenges in teacher
education regarding CSC.

According to Lee et al. [2, s. 21], instigating change
through co-creation activities can be directed at diverse
levels (from individuals to organizations) or extend across
multiple organizations. The overarching goal across all three
laboratories was to make contributions to innovation
processes and instigate transformative practices spanning the
various sectors in the domains of art, culture, and education.
In all three cases, the main purpose of change was to
strengthen student teachers’ ability to take new roles in TCS.
Although the Lab Art and Lab Museum sought to challenge
traditional roles in which artists create art and teachers
handle the preparations and follow-up of TCS workshops,
the Lab Dissensus chose to innovate in other novel ways and
did not seek to contest these role understandings.

According to Lee et al. [2, s. 21-22], the scope of design
varies from tangible components, such as service
touchpoints, to more abstract and comprehensive elements,
such as cross-organizational collaboration models. Across
the three laboratories, we provided the materials, structure,

and content for TCS learning activities where student
teachers could explore multiple collaborative modes in TCS.

B. Design decisions shaping how participants were
engaged

Design choices related to participants, as proposed by
Lee et al. [2], encompass critical decisions regarding making
room for diversity of knowledge and interests and the
distribution of power in co-creation activities. In all three
laboratories, essential stakeholders with expertise in their
respective fields and domains actively participated. In line
with Lee et al. [2, s. 22], these participants collectively
possessed comprehensive knowledge about the processes
they were developing, along with extensive understanding of
the practices affected by their co-creations, spanning
performing arts (Lab Art), cultural heritage learning (Lab
Museum), and visual art (Lab Dissensus). Labs 1 and 3
included student teachers, teacher educators, teachers, and
professional artists. The Lab Museum included museum
educators and design researchers, in addition to student
teachers, teacher educators, and teachers.

In a co-creation project, participants will “have different
degrees of power because of their different knowledge
levels, interests, roles, societal, and organizational
backgrounds, and so on” [2, s. 23]. It is imperative for Lab
leaders to thoroughly assess how various participants are
engaged and accommodated in sharing their perspectives,
thoughts, and reflections, irrespective of their knowledge
levels, backgrounds, or roles. In the establishment of the
Forum in Lab Dissensus, all involved stakeholders gained a
voice in the discussion regarding how the inclusion of TCS
in teacher education can enhance the integration of art, both
in general and specifically within TCS. Student teachers
were also provided with the opportunity to share their
perspectives on the Forum, ensuring that their opinions were
voiced.

Reflecting on the Lab Museum, several of the student
teachers would have benefited from additional preparatory
tasks and lessons in history. This would have enabled them
to engage with the historical topics and material with more
confidence and to motivate them to try a more equal role in
relation to the museum educators. This is, of course, a well-
known issue in the participatory design (PD) literature—the
importance of providing training to less-knowledgeable
parties in the design process to equalize power relations
when they are unbalanced.

In Lab Art, all participants were afforded the opportunity
to present their approaches to learning and teaching and/or to
the learning and teaching of art, aiming to establish a
foundation for co-creation. However, challenges arose early
in the project because the participants’ opportunities to
influence workshop plans were not clearly articulated from
the outset. When disagreements about workshop activities
surfaced, the group found itself lacking the necessary tools to
resolve them.

C. Facilitating effective co-creation events

The three laboratories strategically framed a range of co-
creation activities to ensure that the project goals could be
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achieved. In the Lab Art and Lab Museum, tools and
techniques from PD were chosen, while a forum was
established in Lab Dissensus. Across the three laboratories,
the teacher education campuses served as the main venues,
but also included excursions to art institutions and museums.
The Lab Art and Lab Museum utilized schools in the region
as venues for experimenting with and implementing new
collaborative modes for TCS production.

Exploring Lab Art, the process started with a future
workshop and subsequently advanced through two full-day
dialog-based workshops. During these workshops, various
stakeholders shared their perspectives, theories, and
methodologies. Choreopattern [16], a PD method, was then
developed by the PhD candidate, together with the other
teacher educators, aimed at co-creating the course unit.
However, disagreements arose regarding this method, which
ultimately led to its abandonment after two iterations.
Subsequently, the design team convened regular meetings to
develop the final days of the course. In this course, student
teachers collaborated with art students to develop and
implement a performing art TCS project in primary schools
within the county. This involved 45 student teachers and art
students, seven schoolteachers, and approximately 175
pupils. During placement practice, the design team closely
followed the projects in the schools. The course concluded
with a collaborative evaluation on campus, in which both art
students and student teachers were invited to reflect on the
completed curriculum. Subsequent iterations of the course in
the following years integrated additional art forms, such as
literature and film, involving new cohorts of student
teachers, artists, educators, and pupils.

In the Lab Museum, the design team organized four
preparatory workshops before the course, with the goal of
exploring the participants’ competencies and knowledge. As
part of the course, the student teachers participated in three
full-day workshops to plan and prepare their placement
practices. The first day focused on exploring the materials
provided by the museum educator, the school curriculum,
and relevant AR/VR technologies for use in cultural learning
designs. On the second day, they designed concepts for
AR/VR learning activities using crafted design cards [17].
On the third day, they explored a prototype for engaging
with historical images, together with reacting to the past
historical role-playing framework [33]. They used all the
outputs from the full-day workshops in planning and
implementing multimodal cultural learning activities in their
classrooms during their placement practice. Overall,
approximately 70 student teachers, 15 schoolteachers, and
376 pupils were involved in this process. Similar to Lab Art,
this lab persisted over the subsequent years, incorporating
new art forms, students, and pupils.

In Lab 3, a forum similar to a local advisory board was
established, holding regular meetings throughout the project
duration. The members of Forum who were directly involved
in the two TCS productions of this lab planned, realized, and
discussed the initiatives and brought these discussions to the
Forum meetings. During these meetings, the stakeholders
had the opportunity to comment on what was shared and to
contribute ideas about upcoming events. The student

teachers participated in two types of TCS productions
focusing on visual art [21]. This was carried out very
similarly to what was done for the children in school. The
responses from students taking part in the workshop
contributed to how these productions were realized for the
student teachers in the following years. Members of Forum
and students from master’s in arts and crafts who observed
when carried out for pupils thought the workshop should be
altered. In line with principles in action research, preliminary
results from the first intervention led to an action and change
in the second intervention. Approximately 300 student
teachers participated in the workshops over the two years.

D. Design choices related to project outputs

The immediate outputs from the three labs are
multifaceted. Across all three laboratories, a significant
achievement was in the development of course designs that
center on art and culture framed by TCS. The course designs
emerged through collaborative efforts within the design
teams and were subsequently integrated into the respective
teacher education programs. All courses reflect knowledge,
outcomes, and activities stemming from the diverse domains
of the interprofessional design team. This integration was
pivotal for empowering student teachers to take part in the
design and implementation of TCS projects in schools
together with art students (Lab Art) and museum educators
and designers (Lab Museum). The present study provides
valuable insights into the use of TCSs as CSCs in schools
(all three laboratories).

V. DISCUSSION

In the following section, we will discuss the merit of the
design choices made in facilitating three labs for
strengthening future teachers in CSCs. Because the context
of this contribution is a research project, we frame this
according to Matthiassen’s [25] framework for engaged
scholarship.

A. Contribution to practice

A key objective of the laboratories, here aligned with
Mathiassen [25, s. 19], was to ground the research in a real-
world problem, specifically addressing the challenge faced
by teachers who occasionally perceive a lack of influence
and involvement during the TCS visits. This situation can
lead them to disengage from their assigned responsibilities
and encounter challenges in helping them create meaningful
experiences for their pupils. In the three laboratories within
the pARTICIiPED project, we have strived to engage student
teachers in various ways. First, on an emotional level, they
are allowed to experience art and culture (Labs 1-3). Second,
we provide firsthand exposure to how TCS projects can be
developed through collaboration with professional artists and
museum educators (Labs 1-2). The subsequent discussion
will outline this in more depth.

As project leaders of the three laboratories, our initial
step was to explore and identify new ways of working
together in teacher education based on principles, methods,
tools, and techniques from PD. The project thereby chose an
antiauthoritarian and multivocal approach to innovation and
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problem solving to ensure that the experts, in our case, the
teacher educators, were not the sole makers of the
curriculum. Finding common ground is not always
straightforward, however, and disagreements and conflicts
arose because of the diverse knowledge, interests, and power
dynamics among the participants in the labs.

Another essential component of our work was the
establishment of TCS courses in teacher education programs
as part of the three labs. In the Lab Art and Lab Museum,
these courses are mandatory. Since 2021, student teachers in
their fourth year (of their five-year program) have taken a
one-year unit, including a placement practice, where they are
required to contribute to the implementation of a real TCS
project that tours schools. The course is given in
collaboration with the local TCS in the municipality and
involves a wide range of professional artists from various
fields. In 2023/2024, students, for example, had the valuable
opportunity to collaborate with the film director Carl Javér
on the implementation of the documentary film
“Reconstructing Utaya,” [41] as well as interact with Madam
Pysj, the theater troupe behind the playful production “Star
Wars (med &)” [42].

At Lab Dissensus, all student teachers in year three
participate in TCS workshops on campus, which are carried
out in the same way as for pupils in school. As part of the
course, the student teachers were invited to reflect on and
discuss their participation in TCS workshops. Examples of
production include “Tapeorama” (orig. Tapeorama)
workshops in 2021 (21) and “To build new buildings™ (orig.
“A bygge nye bygg”) in 2022. It is worth mentioning that the
course is part of an interdisciplinary holistic framework that
covers various subjects to ensure that teachers gain relevant
knowledge beyond their specific subjects.

The courses that have been developed as part of Lab 1-3
have both gained national recognition [34] and have raised
awareness among other teacher educators [35][36].
Furthermore, the activities undertaken across the three
laboratories have contributed to several articles, sparking
fresh insights into our understanding of CSC within the
context of teacher education [16][17][21][24][36]-[39].

B. Contribution to the field of research

When we conceptualized the pARTIciPED project, our
intention was for the laboratories to contribute knowledge
that extends beyond the immediate context of the co-creation
activities (the local workshops conducted during Labs 1-3).
Thus, these laboratories can be viewed as a scientific inquiry
approach, generating new knowledge and contributions to a
broader area of concern [25, s. 19]. As proposed by
Mathiassen [25, s. 25], this area should align with the context
of the problem, allowing for a two-way knowledge
contribution from the area to the problem and from data
collected in the setting to the area. The three laboratories in
pARTICiPED have significantly deepened our understanding
of three key areas: i) cross-sector collaboration, ii)
interprofessional practice, and iii) the role of art within
schools. Following this, we elaborate further on the
particular contributions made by these labs, which can serve
as a foundational basis for enhancing teacher education.

First, our laboratory provides a clear contribution to
understanding how CSC can be understood in the context of
teacher education. The labs provided knowledge about the
organizational context, including frameworks, opportunities,
and challenges for new collaborative models to emerge in
TCS. The active forward oriented facilitation of co-creation
activities supported new modes of collaboration that
articulated how such modes could and should be supported.

Second, our labs contribute to how we perceive
interprofessional practice in teacher education. The labs
provide insights into the goals, values, and skills of all
stakeholders (i.e., student teachers, artists, arts educators,
cultural workers, and teacher educators) and how these
matter in developing new interprofessional practices in
teacher education. Furthermore, we have learned about co-
creation as a process and collaborative model, explored
resources and conditions (opposition and collaboration
forces), communication, and, importantly, role understanding
in interprofessional collaboration.

Third, our labs contribute to understanding the role of art
in schools. The labs have provided insight into how TCS
program can enrich art education and inform the
implementation of aesthetic approaches to teaching,
highlighting opportunities and challenges within teacher
education. Lab Dissensus, for example, contributes to what
could be referred to as the pedagogy of dissensus, an arts-
based pedagogy informed by the dissensual and what can be
referred to as the disturbing characteristics of art [29]. At
Lab Dissensus, discussions about what art can offer
education are initiated. The student’s experiences often
center around how art, with its processual and open-ended
character, has the possibility to challenge existing norms and
habits and contributes to new ways of seeing oneself, others,
and one’s surroundings. Placing art at the center and
enabling dissensus in education can contribute to a contrast
to the dominating policy led by economic ambition and
competition.

VI. CONCLUSION AND FUTURE WORK

In pARTICIPED, we explored core concepts and
principles to elucidate how CSCs can be effectively
organized and implemented to empower student teachers to
be confident, interested in, and actively engaged in such
collaborations. In this article, drawing upon Lee et al.’s [2]
design choice framework, we explored how CSCs in teacher
education, particularly centered on TCS as the main
platform, can be organized and planned within
interprofessional teams comprising stakeholders from the
education and cultural sectors to provide student teachers
with the knowledge and experience needed to take more
active roles in TCS. Across all three labs, various TCS
productions have either been developed or refined to align
with the context of teacher education. Through this work, we
have developed a critical understanding of how co-creation
activities, facilitated as “third spaces” [1, s. 205], can
strengthen the research-based foundations for teaching CSC
in teacher education.

Future research can take two distinct directions. First,
future research can contribute by providing concrete tools
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and techniques that project leaders can employ in the case of
conflicts. Such contributions would be valuable additions to
Lee’s [2] design choice framework. Second, research can
enhance our understanding of laboratories as a research
methodology; this involves delving into the fundamental
essence—the ontological and epistemological foundations—
of utilizing co-creation labs as a research approach. Only by
doing so can laboratories become dynamic spaces where
future teachers forge the knowledge and experience
necessary to actively participate in CSC to the advantage of
students in school.
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Abstract— This paper presents a work in progress on the
design and development of a user-centered mobile application
intended for data collection in Randomized Controlled Trials
(RCTs) and longitudinal studies. Focusing on the future
implementation of gamification and other engagement
strategies, this project aims to mitigate survey fatigue—a
significant challenge in sustained data collection efforts. The
proposed application will incorporate user involvement
throughout its design and development to ensure features that
promote consistent and reliable data submission, thereby
aiming to reduce the necessity for data imputation and
minimize attrition bias. The paper outlines anticipated
elements critical to the success of the application, including
questionnaire design, strategic incentive usage, and adaptation
of surveys to align with user preferences and technological
interfaces. Through a planned iterative design and testing
process, involving A/B testing and focus group evaluations, the
study will seek to determine effective methods for user
involvement and develop a mobile tool that closely meets the
needs of both researchers and participants.

Keywords-Survey Fatigue; Gamification; Data Collection;
Mobile Application Design and Development; User-Centered
Design

I. INTRODUCTION

This paper explores theory and concepts to consider into
the planning stages of the development of a mobile
application centered around user involvement, aimed at
enhancing the quality and consistency of data collection for
research  purposes, particularly where standardized
questionnaires are used to collect quantitative data over a
longer period. The essence of our approach lies in the
hypothesis  that incorporating user feedback and
involvement throughout the development process will
significantly boost the frequency and reliability of data
submission from study participants. By doing so, we
anticipate a reduction in the need for data imputation, a
decrease in attrition bias, and the maintenance of statistical
power, thereby preserving the integrity and longitudinal
insight of the study.

Randomized Controlled Trials (RCTs) and longitudinal
studies rely on participants to complete and return
questionnaires over extended periods. This fundamental
requirement remains unchanged whether the data collection
is via traditional pen-and-paper methods or through digital
forms. Inadequate compliance and incomplete surveys lead

to several challenges, including missing data, necessitated
data imputation, attrition bias, diminished statistical power,
and potentially, an increase in project costs and resource
utilization [1][2].

There are numerous web and mobile application
solutions available for data collection, catering to various
user groups including domain experts and general users,
such as healthcare apps. The purpose of these solutions
varies based on the technology employed and the
involvement of stakeholders. For instance, health apps are
commonly utilized for self-assessment. Enabling users to
monitor diverse health metrics like heart rate, stress levels,
sleep patterns, activity levels, and food and water
consumption [3]. Much of this data is seamlessly collected
through wearables such as smartwatches, activity trackers,
and the latest addition, activity rings [4]. Meaning that
collecting data through wearables eliminates the need for
manual input from the user. However, the potential of
wearables as a data collection tool in research can be
restricted by privacy regulations like General Data
Protection Regulation GDPR [5], and the high costs
associated with providing participants with devices like
smartwatches.

This paper aims to explore different methodologies for
designing a user-centric mobile application tailored for data
collection in research settings. We aim to investigate
different strategies for involving users in the development
process and how to motivate and encourage to regularly and
timely submit data, which is crucial for the success of
longitudinal studies and RCTs.

This paper is structured as follows: Section II delves into
the theoretical framework, focusing on gamification and
questionnaire design, and explores how these elements can
enhance user engagement and reduce survey fatigue.
Section III discusses practical strategies for involving users
in the research process and addresses the challenges
encountered in survey design to engage users effectively.
Finally, Section IV provides an overview of future work,
detailing further research on questionnaire design and the
use of gamification to improve response rates and data
integrity.

II.  THEORY

This section explores the theoretical foundations focusing
on gamification and questionnaire design, which are central
to the development of our mobile application for data
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collection in controlled studies. This insight aims to deepen
our understanding of how gamification can enhance user
engagement and how effectively designed questionnaires
can mitigate survey fatigue, thereby improving data quality
and participant retention in RCTs and longitudinal studies.
By analyzing existing literature and outcomes from previous
research, we seek to identify and integrate the most effective
practices and innovative approaches from these areas.
Emphasizing gamification, we will examine how game-like
elements can motivate and maintain participant interest over
time. In terms of questionnaire design, we will consider
various strategies to ensure clarity, reduce bias, and enhance
the overall user experience, thereby ensuring high-quality
data collection tailored to our research needs.

A.  Gamification

Gamification is a method that has become popular across
various domains, including education at both primary and
tertiary levels [6][7], as well as in self-assessment and
health applications [8]. Additionally, gamification elements
have even been integrated into various gaming platforms to
motivate and encourage users to engage in gameplay.
Examples of this is awarding players with trophies for
different playing styles or for in-game achievements [9].

Gamification is frequently employed in subjects that
demand logical thinking and problem-solving skills,
particularly within STEM disciplines, such as mathematics
and programming [10][11]. This approach has been shown
to motivate students by presenting challenging and abstract
concepts through mediums they are more familiar with, such
as games [12] [13]. The incorporation of game-like
elements, including rewards, points, trophies and badges,
leverages the concept of "positive reinforcement,” thereby
enhancing student motivation. This strategy capitalizes on
the inherent human response to rewards, as detailed in
psychological research on positive reinforcement [14]. By
rewarding students for their achievements, gamification in
educational contexts encourages engagement and
persistence in learning, making difficult subjects more
accessible and enjoyable.

Gamification elements have increasingly been integrated
into health and self-assessment mobile applications [15],
creating engaging and motivational aspects found in
different game elements. Acknowledging the inherent
challenges of maintaining a healthy lifestyle and engaging
in regular exercise these apps utilize gamification strategies
to make the process more appealing and rewarding. Through
challenges and reward systems, like being awarded stars and
badges for completing specific tasks or reaching goals, users
find it more motivating to reach their health objectives [16].
Leveling systems which reward users with various benefits
as they progress to higher levels are also a familiar element
in health apps, ranging from step counters to water
consumption trackers.

Level and bonus systems isn't limited to health
applications but also extends to other sectors, including
booking platforms and numerous other service-oriented
applications, demonstrating the broad applicability of

gamification strategies. Furthermore, these apps often
employ mechanisms of loss aversion, a psychological
principle suggesting that the fear of losing is more
compelling than the prospect of gaining [17]. By
"punishing" users through the removal of benefits, level
down-grade or the breaking of "streaks," apps tap into this
aversion to loss, compelling users to stick to the app's
requirements to maintain or enhance their status, levels,
points, or other forms of rewards [18][19]. Indicating that
the use of both positive reinforcement and negative
reinforcement creates a powerful motivator for users to
engage regularly with the apps.

B.  Questionnaire design

Crafting a questionnaire or survey that yields reliable
and unbiased responses is a nuanced psychological science
[20]. The formulation, presentation, context, and language
of questions can significantly influence how participants
respond [21]. How questions are phrased and their
placement within the survey can also impact how
participants respond to other previous or later questions,
called “order-effect bias” [22]. Research on survey
methodology shows that small changes in question
formulation can lead to significantly different answers [21].

UserGuiding identifies five types of survey fatigue: 1)
Questionnaire fatigue, 2) Frequency fatigue, 3) Repetition
fatigue, 4) Design fatigue, and 5) Incentive fatigue. These
factors, including lengthy and complex questionnaires,
survey frequency, repetitive questions, poor design, and
incentive-driven responses, can overwhelm users and affect
the quality of survey responses, potentially leading to biased
results [23].

Bias can be introduced into surveys through various
means, including participant recruitment, questionnaire
design, and the way questions are posed. Similar to how
survey fatigue affects participants, different types of biases
can impact data collection, such as sampling bias, non-
response bias, acquiescence bias, social desirability bias,
question order bias, and interview bias [24]. Effective
measures to mitigate these biases include avoiding leading
questions, using interview guides, maintaining respondent
anonymity, and providing the option to skip questions.
Being able to skip questions has been shown to prevent
users from quitting mid-process.

Additionally, it's crucial to ensure that surveys are
compatible with various browsers and systems to prevent
non-response bias and facilitate comprehensive data
collection. Inaccessible or unreadable surveys can lead to
significant data loss. Therefore, conducting a test round
where surveys are sent to different emails and opened in
various apps and browsers can help identify and prevent
potential issues before the actual dispatch.

III. DISCUSSION

In this section of the paper, we will discuss and ideate
around how users can be involved in the project, identifying
specific stages where their input is crucial. The research
indicates that survey fatigue could be a primary reason for
reduced participant motivation. Therefore, it's essential to
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strategically involve users where feasible. However, there
are constraints, such as the formulation of questions, where
user input is limited due to the standardized nature of the
questionnaires planned for the study. The challenges
associated with question frequency and repetition are
significant, especially since the study aims to measure
changes over an extended period, requiring participants to
complete the same survey weekly. While the structure and
frequency of the surveys are fixed to meet the study's
objectives, this setup presents an excellent opportunity for
user involvement in designing app features that could help
mitigate typical survey fatigue issues. This involvement can
enhance user engagement and potentially improve the
quality and consistency of the data collected.

The list below presents some of the key elements and
focus points we must consider and further research
continuing the project before development:

e (Question bias.

e Survey fatigue.

e Design layout and instructions.

e False participants, only there for gifts.

Working with the hypotheses that incorporating user
feedback into the design and functionality of the tool is
essential for enhancing participant engagement and
mitigating survey fatigue. One effective strategy to keep
participants motivated throughout the study is the
integration of game-like elements. Previous research has
demonstrated that gamification can significantly enhance
motivation and engagement. In determining the specific
game-like elements to incorporate the involvement of
potential participants is key. Actively engaging them in this
process allows for a design that is more effectively tailored
to their preferences and needs, which in turn boosts their
overall engagement with the mobile application [25].
Techniques such as loss aversion and positive
reinforcements including leveling, rewards, and bonuses
have been shown to be effective. Exploring the
incorporation of these elements in the way incentives are
given or achieved could be a valuable strategy to enhance
participant interaction and satisfaction.

However, careful consideration should be given to the
use of incentives, ensuring they are appropriate for the
target group to avoid attracting participants who are not
genuinely interested in the study or rushing participants to
“just answer something”. Sharing insights with participants
about how their responses are used can also reinforce the
value of their contributions, enhancing their engagement
and willingness to participate [23].

Effective survey design is also essential. Surveys should
have clear instructions, easy navigation, and a user-friendly
layout. Conducting A/B testing on different survey designs
can help identify the most effective elements that enhance
user experience and response rates. Deciding when, how
often, and where surveys are administered is another critical
factor. Utilizing focus groups can provide insights into the
preferences and aversions of potential participants, helping

to plan survey delivery that minimizes disturbance and
annoyance. This strategic involvement of users at various
stages not only helps in tailoring the survey experience to
their needs but also ensures that the tool developed is user-
centered and effective.

IV. CONCLUSION AND FUTURE WORK

This paper explores the preliminary planning for the
design and development process for a mobile application
aimed at enhancing data collection in controlled studies,
specifically RCTs and longitudinal trials. The primary
objective is to reduce data loss caused by participant
dropout or response failure. By gathering insight into
various theories and concepts, such as gamification we
explored how we can better motivate participants to stay
engaged and consistently report data. It is evident the
theoretical frameworks that studies involving data collection
through surveys are susceptible to survey fatigue. This paper
examines the factors contributing to survey fatigue and
discusses strategies for involving users in the design process
to mitigate these risks.

Several key features and design elements require
additional research before proceeding with development.
Future plans involve further investigation and usability
testing focused on questionnaire design, particularly how
different biases can be minimized through strategic layout
and question presentation. Preliminary research suggests
that allowing participants to skip questions could prevent
them from abandoning the survey midway. We intend to
explore this aspect through A/B split testing and interviews
to assess the potential impacts on data integrity when
participants have the option to skip and return to questions.

Additionally, gamification has shown promise in
enhancing user engagement across various platforms.
Moving forward, we will investigate how to integrate
gamification effectively into the research data collection
application to encourage frequent and consistent participant
responses. Another area of interest is the integration of
incentives into reward and leveling systems, ensuring they
do not inadvertently prompt participants to rush through
responses, thereby compromising data quality.
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Abstract—Virtual simulations for medical training and
learning should be designed together with expert users to
ensure that the digital learning environment reflects the
complexity of their practice. Practitioners and educators are
often brought into the design process only to validate
prototypes, which can leave the final application unfitting to
the practice it is intended to support. In this paper, we explore
how a generative design game can support medical educators
to make meaningful decisions about design. The design game
was developed to mitigate the practitioner’s unfamiliarity with
the technical and domain specific languages of designing
virtual simulations. Reporting from the design process of
creating the design game and a collaborative workshop with
medical educators and students, we reflect on how a design
game using design cards and specific rules can structure design
activities, enable non-designers to explore design ideas
together, and create concepts for feasible solutions for virtual
medical simulations.

Keywords-design game; design cards; generative tool; virtual
simulation; co-design.

I. INTRODUCTION

The tools we use in design can be both influential and
critical to successful design outcomes [1]. Design tools
provide a range of benefits in a design process as they are
“useful for catalysing interactions, building relationships,
and enabling diverse communities to creatively take action
and innovate” [1, p. 3]. Sanders and Stappers [2] explain
how users can take part in the design process and become a
part of the design team as experts of their experiences. By
contributing directly to the design process, the users can
become co-designers. Bringing users into the process,
allowing them to be a part of the design of a solution, needs
careful structuring and facilitation. Non-designers can
however make feasible design decisions when given the right
tool for expressing themselves. Sanders and Stappers [3]
explain how methods and tools for making enable both
designers and non-designers to “make ‘things’ that describe
future objects, concerns and opportunities” [3, p. 2]. Such
frameworks and generative tools are often specific to their
purpose and reveal a new language of both verbal and visual
components that can be combined in various meaningful
ways to enable both designers and non-designers to express
ideas, thoughts and feelings. Sanders [4] found that
generative tools are useful for collaborative thinking,
mapping, dreaming, storytelling and visioning. One type of

generative tool is design games. As described by Brandt [5],
design games are a form of play where we use props and
specific rules to structure and organize design with users,
where the “aim is to take advantage of the various skills and
expertise’s represented and jointly explore various design
possibilities within a game setting” [5, p. 2]. With a growing
number of tailored design games available, design tools like
analogue design cards are reported being used in the early
stages of collaborative design processes [1]. Many design
cards (also referred to as ‘ideation cards’) have been made
and deployed in various research settings, like the IDEO’s
Method Cards, Tiles and PLEX [1][6][7]. Design cards can
be used to address specific domains, like exertion games [8],
internet of things [7] and mixed reality games [9]. In the
fields of domain-specific human-centered design, design
cards are used in systematic design methods and procedures
[10].

In this paper, we reflect on how a design game using
cards and a specific ruleset in a co-design workshop with
medical educators support the claim that design cards enable
non-designers to make meaningful decisions about the
design of information and communication technological
(ICT) solutions. The design game we created focuses on
virtual simulation technologies and serious games created to
support training and learning on medical procedures and
routines. Using virtual simulations in the training of medical
practitioners are today being explored, and several
commercial companies specialize in creating these types of
training applications (see for example InSimu [11] and
Virtual Medical Simulation [12]). There is, however, a
dearth of research into how these should be designed to
support everyday collaborative medical practice [13][14].
Multiple studies do recommend involving end-users in the
design and development process [15][16] [17].

Collaborating with a medical training and education
center at Ostfold University College in Norway, we
investigate how these virtual simulations should be designed
as an educational learning platform with the goal of ensuring
a high use value and adequate learning possibilities for
medical students. To explore this, we created the MixED
design game — a toolkit consisting of 47 design cards and
ruleset — and used it in a co-design workshop with educators,
students, and research-designers. The main rationale for
creating the design game was to mitigate the practitioner’s
unfamiliarity with the technical and domain specific
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languages of design so as to enable them in expressing
feasible and fitting solutions to their educational needs.

In this paper, we will present our reflections on the
lessons learned when creating and using the design game in
the workshop, and we ask: how did the design game support
non-designers to make meaningful design decisions?

The paper is structured as follows: in Section II, we
present related research, before presenting the MixED design
game in Section III. Here, we describe the design process,
the cards and the rules that constitute the game. In Section
IV, we retell the collaborative workshop held with
stakeholders and participants. In Section V, we present the
study’s methodology, before summarizing the findings in
Section VI. In Section VII, we discuss the lessons learned
and provide insights to the design community. Section VIII
summarize the study with implications for future work.

II.  RELATED WORK

Organizing participatory and co-design events often
involves including people with different backgrounds,
expertise, interests and professional languages [5]. These
differences need to be accommodated for by the designers
with the aim of allowing every participant to explore,
negotiate multiple views and make decisions about design.
Design is all about making decisions based on inquiries and
explorations of possibilities and the process is not straight
forward. Lowgren and Stolterman [18] shed light on two
approaches in design thinking, namely convergent and
divergent design. Where divergence is about designers
expanding their thinking, and exploring possibilities and
alternatives to design, convergence is about “focusing on a
specific solution or a synthesis of several ideas” [18, p. 29].
The design process often ends in a convergence phase, but
the early design phase is mostly driven by divergent
activities where designers develop and explore several ideas
instead of a singular one. This divergent thinking keeps
designers from “falling in love” with one initial idea, by
working with several ideas in parallel [18, p. 30].

In these early phases in design processes, non-designers
are dependent on appropriate tools to help them think like
designers without having extensive knowledge in the field of
design. Non-designers need to be allowed to be experts in
their own fields and be given tools that can help them
express their expertise in an easy way. This is especially
important in interdisciplinary teams where domains may
collide (e.g., in the design of new ICT solutions in
healthcare). With the right tools, non-designers can explore
feelings, past experiences, and/or assess their understandings
and insights. Using the right tool for the job is important as
different tools can yield different insights in different
contexts [4].

Design games are one such tool designers can create and
utilize to help non-designers express themselves. Brandt [5]
describes four types of exploratory design games, namely 1)
games to conceptualize design, 2) the “exchange
perspective”-design game, 3) the negotiation and work-flow
oriented design game, and 4) the scenario-oriented design
game. Common for these is that they provide a structure that
is flexible and provide people with game materials (tangible

game pieces and rules) that they can relate to and make
meaning from. The design game helps people to explore
aspects of the project and context together and to generate
new insights and a common ground for “where the future
design work should be headed" [5, p. 9]. Design games to
trigger a creative ideation process can take many forms,
including future workshops, tabletop games with game
pieces and boards, and design cards.

Design cards can support designers across all stages in a
design process but are most often used early on for ideation
[19]. According to Tahir and Wang [20], design cards “offer
an approachable way to introduce information as part of the
collaborative design process, and their abstraction level has
enabled researchers to successfully use them in a wide
variety of fields” [20, p. 2]. Domains include emergency
medical services technology [21] and mixed reality games
[9]. In a recent study, Hsich et al. [19] analyzed 161 decks of
design cards and identified seven types of design knowledge
supported by the decks: creative inspiration, human insight,
material and domain, methods and tooling, problem
definition, team building, and value in practice.

Design researchers have found various characteristics of
cards that make them valuable to design practice [20]. Li et
al. [22] explain how designers can leverage the modularity of
the cards to address complex design problems across
disciplines by letting the cards represent different categories,
like domain cards and technology cards [22]. Wetzel et al.
[9] reports that ideation cards are a ‘viable design method
utilized by professional designers’ [9:4] and give examples
of cards used for ideation; IDEO method cards, PLEX cards
[6] and Verbs, Nouns and Adjective cards [23]. Li et al. [22]
also points out how design cards can be used to support both
designers and non-designers, like with their Flexi Card
game. Kwaitkowska et al. [24] report how design cards or
game-like cards can support ideation in co-design and
participatory design processes. Wetzel et al. [9] describes
how they used their ideation cards to synthesize design
knowledge about mixed reality games, and how their cards
“enable collaborative design in a playful manner” [9, p. 2].
They report the cards being a helpful tool for rapid idea
generation and for in-depth idea development for designers
of mixed reality games. In their work, they identified six
properties the design decks should elicit. Design cards
should 1) encapsulate domain-specific knowledge, 2) foster
collaboration between teams of designers, and they should 3)
avoid overwhelming designers. Further, the cards should 4)
avoid making designers feel restricted, 5) support initial and
rapid generation of ideas, and they should 6) support a more
in-depth development of ideas.

III. MIXED DESIGN GAME

In this section, we will present the MixED design game.
First, we will describe the process of designing the cards, the
categories and layout, before explaining the rules of the
design game.

A. Designing the Cards

The cards were the result of an iterative design process
involving four meetings and workshops with stakeholders,
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including three educators from the medical center. These
interactions supported the gradual emergence of a common
language and a shared understanding of the domains. These
meetings, along with observations, e-mails, informal
conversations, and discussions, informed the selection of
content and categories.

The research-designers conducted six design workshops
(total of 54 hours), with a focus on integrating the categories
and content into the card’s layout. Inspiration was also drawn
from established decks like PLEX, Tiles and Ideation decks
[6][7][25]. As can be seen in Table 1, this resulted in a deck
of 47 cards in five categories: scenario, medium, interaction,
learning outcomes, and challenges.

As illustrated in Fig. 1, the layout was kept simple. Each
category was color-coded and displayed a background-image

TABLE L. THE CATEGORIES AND KEYWORDS IN THE DESIGN GAME
Category Keywords
1 Scenario Traffic accident, drowning accident, fire accident,
home nursing, psychiatry, accident site, prison, falling
accident, inside the body, overdose, heart attack.
2 Medium 2D images (slideshow), 2D video, 3D video, 360

video, augmented reality, virtual reality, mixed reality.
Speech, button, gesticulation, holding objects,
movement, looking, feeling.

Empathy, time management, stress management,
collaboration, multitasking, communication,
confidence, physical skills, technical skills, focus,
problem-solving,  critical  thinking, adaptivity,
leadership.

How is this performed individually? How is this
performed in a group? How does the educator fit in?
How does collaboration work? How does the marker
fit in? Too little time. Too small or big space.

3 Interaction

4  Learning
outcome

5 Challenges

Accident site

‘'®

Bicycle accident with
a lot of people

around. Screams,
crying and chaos.

Learning outcome

Interaction

Figure 1. Layout of the cards.

representing the card's content and a keyword or single line
of text. These keywords were chosen based on the labels
listed in Table 1. The images were sourced from royalty-free
services, like Unsplash.

B.  Rules of Play

The workshop was divided into four phases, each with a
specific time limit. We have summarized the phases in
Table 2, as well as giving a longer description in Section I'V.
Each phase builds on the previous one, leading the non-
designers through the design process. We also created a rule
sheet intended for the participants during the workshop,
explaining the rules and phases. Here, the colors of the text
corresponded to the cards they would be drawing (i.e., green
for Medium cards, blue for Learning outcome).

IV. CONCEPTS GENERATION IN A CO-DESIGN WORKSHOP

The two-hour workshop was held in a classroom at the
medical center on April 1st, 2022. In total, nine participants
divided into teams of three partook in the workshop. The
participants were four educators and facilitators from the
center, three bachelor students in production design and one
design-researcher. The classroom was big enough so that the
teams were able to be placed far enough from each other so
that there would be no distractions or collaboration between
the different teams. In addition, the workshop had two
facilitators, one who led the workshop and one who observed
and took notes. The nine participants were intentionally
placed in mixed teams of three by the facilitators to
encourage interprofessional discussions and  avoid
reestablishing old ideas and thinking between colleagues.
Before starting the workshop, the lead facilitator gave a short
presentation on the day’s agenda, the cards and the rules.

TABLE II. PHASES AND TASKS IN THE DESIGN GAME
Phase Task
1. Random draw: participants choose one card from
Individual category one to four.
assignment 2. Create a scenario using the selected cards and

(15 minutes)

take notes.
3. Repeat this process three times using 5 minutes
for each round.

Team
assignment
(20 minutes)

1. Participants present their individual ideas and
scenarios.

2. The team decides on one scenario to work with,
either from an individual segment or by combining
aspects from multiple scenarios.

Team
assignment
with challenge
cards

(10 minutes)

1. The team is introduced to the challenge cards,
and applies two random drawn cards from this deck
to the chosen scenario from the previous phase.

2. Discuss how the challenge card impacts the
scenario and make any necessary changes.

3. Repeat this process twice for 5 minutes each
round.

Team
assignment and
presentation
(50 minutes)

1. The teams finalize their scenarios and prepare
presentations with freedom in how the scenario is to
be expressed (e.g., roleplay, video, PowerPoint).

2. Each team have 5 minutes to present their
scenario, with opening for questions from other
teams.

3. All teams participate in a discussion and use a dot
voting system where the participants vote on their
favorite idea/scenario with stickers.
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As illustrated in Fig. 2, the participants were also given a
worksheet with the tasks and times as referenced during the
workshop. They were also provided with materials like
papers, post-it notes and pencils to document and illustrate
their ideas.

In phase one, the participants picked three random cards
from each category except the challenge-cards and were
asked to create three scenarios. The ideas where then shared
with the rest of the team members in phase two. After
sharing their ideas, the participants discussed all the ideas
from phase one with the goal of creating one shared scenario
they would work one and develop further into a concept.
They were allowed to mix and match individual ideas to
create this scenario. When the second round was done and all
the teams had one scenario to work with further, the
challenge cards were introduced. In this third phase, the
participants picked two challenge cards and were asked to
improve their scenario to accommodate for these. The
challenge cards sparked interesting discussions in the teams
as some of their scenarios had to be completely re-designed
based on the new cards. The teams finally presented their
final scenario (illustrated in Fig. 3) to the rest of the
participants leading to creative and open discussions
regarding the feasibility of the three scenarios.

Figure 2. Participants using MixED when designing scenarios in the
workshop.
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Figure 3. Participant presenting the scenario and the design outcome.

In this section, we have looked closer at the use of the
design game in a co-design workshop. We will now report
on the study’s research method and analysis.

V. METHODOLOGY

We will here give an overview of the methods used for
collecting and analyzing data both prior and during the co-
design workshop.

A. Research Method

This study employs research through design (RtD) as a
qualitative method to gain new insights. RtD, a method
rooted in practical inquiry, involves creating and evaluating
novel artifacts or systems to generate knowledge that can be
applied across contexts [26]. These artifacts not only have
the potential to reshape our world toward desired outcomes
but also serve as benchmarks, facilitating the seamless
transfer of research insights to the Human-Computer
Interaction (HCI) community.

As Gaver [26] suggests, integrating design practices into
specific HCI research allows researchers to discern both
challenges and opportunities. Through RtD, we can delve
into novel ideas, theories, or concepts, while also exploring
the practical applications of newly designed artifacts within
the field.
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B. Data Collection

Prior to the workshop, information was gathered in the
form of notes and memos from formal project meetings and
an online workshop with three educators at the medical
center. We also performed direct observation of physical
simulation training during class at the medical center. The
goal was to gain insight on how student learning is organized
and facilitated for at the center. We also observed a large-
scale simulation which included students and educators,
medical emergency responders from the local hospital and
the municipality’s fire department. The data was collected
through notes and images and was analyzed and used as a
basis for the design cards.

We also held an initial pilot workshop with one design-
researcher and four master students in applied computer
science at @stfold University College, testing the preliminary
version of the design game. Data gathered during the pilot
were audio recordings, photos, notes, and the design output
created by each team. The data lead to a revision of some of
the keywords and accompanying illustrations. During the co-
design workshop, data was gathered via audio recordings,
photographs, note-taking, subsequent discussions with
participants, and the tangible design results produced by each
team, including Post-it notes and paper sketches.

C. Analysis

The data was individually analyzed by two of the design-
researchers using the method thematic analysis. Thematic
analysis involves organizing data and identifying recurring
themes and aims to enhance comprehension of the data
gathered from workshops, meetings, and observations [27].
The researchers were here able to have an open mind during
the analysis, find themes and discuss their findings with each
other. The audio recordings from the workshops were
transcribed and analyzed iteratively in a step-by-step process.
The steps included 1) line-by-line color-coding, 2) narrowing
the data down, 3) creating descriptive categories, and 4)
generating the themes presented in Table 3 by finding data
that correlated with each other, e.g., participant's statements
from different teams [27].

The study adhered to ethical guidelines set forth by
@stfold University College and the Norwegian Center for
Research Data (NSD). Data management and consent forms
utilized in the study received approval from NSD (NSD
number 788872). Participants gave written consent to the
gathering and use of data from the workshop and other
research activities related to the collaboration.

TABLE III. THEMES FROM THE DATA FOUND BY THE TWO

RESEARCHERS.

Researcher Themes

1 Breaking or changing the rules, management and
organization, difficulties, content creation,
clarification/collaboration/negotiation,
engagement/motivation, technical skills and practical
skills, decision making

2 Creative collaboration, own experience, stakeholder
experience,  technology  knowledge,  health
knowledge, the use of terms, understanding the rules,
feedback.

VL

Before using the design game, the three design-
researchers and three of the educators at the medical center
spent a lot of time trying to agree on how we were going to
proceed with design and development of a medical
educational platform for the center. There was little
consensus, and a lot of ideas were being exchanged back and
forth with little structure to the conversation. The educators
suggested solutions with a lack of regard to how a virtual
simulation could be implemented at the center, or how the
simulations would work in practice. In this phase, it became
evident that we struggled to find common ground and bridge
our respective fields [28].

Introducing the design game to the process provided
structure to the conversations and opened for a more
constructive negotiation of ideas and concepts. It enabled the
educators to think like designers by giving them a tool that
enabled reflection on not only what type of technology
should be used, but how it should be used in the context of
the practice of providing medical training. The different
teams in the workshop grounded their ideas, they set realistic
expectations regarding suitable technologies and discussed
how the simulations could be implemented as an educational
component in the training of many students.

From analyzing the data, the teams (referred to as G1, G2
and G3) worked very differently in the four phases of the
design game. They all, however, created three feasible
scenarios regarding the choice of technology, facilitation and
learning outcomes. Several themes emerged from analyzing
this process.

Firstly, the teams demonstrated the ability to express
ideas beyond the cards. For example, G1 discussed how they
could implement difficulty levels and variations in the
scenarios, adding elements outside normal procedure and
represent the complexity of patient treatment. They also
discussed adding multiple-choice and branching scenarios,
where events evolve over time based on the choices of the
students.

Secondly, they demonstrated joint decision making and
an ability to conceptualize scenarios together. For example,
when finishing working on their presentation, G1.1 said “this
is the type of things we can make. We can create videos of
emergency situations, and then students can play the roles [of
patient or bystanders]”. When summarizing their idea into
one concept, G3 quickly went through everything they had
discussed up until that point, including facilitation and
collaboration during training sessions, the roles of everybody
involved, and technical requirements of visualizing
sequences of events, exclaiming that “this is absolutely
doable” #G3.3. They expressed engagement, as G3.1 says “I
think this is really exiting, if we can make this happen. [...]
There is a lot of students that can experience enjoyment from
this.”

Lastly, they displayed an ability to make realistic
decisions about the use of technologies by tempering their
expectations. They discussed pitfalls with the different
technologies and considered the utility and cost of choosing
between them. When one member in G3 suggested an

FINDINGS
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advanced multimedia representation of escalating events,
another said “You know... this is fun, but it will be difficult
to make” #G3.1.

VIIL

As part of our discussion for this paper, we will first
reflect on the three findings from our analysis, and why and
how the design game supported the participants in creating
ideas and feasible concepts. We will then discuss how
divergent and convergent design thinking is equally
important to facilitate for when using generative design
tools.

A. The Rules of the Game

The participants demonstrated an ability to use the cards
to create and express ideas beyond what was stipulated in the
cards. Reflecting on this, we believe that the card’s
expressiveness (the categories, the keywords in each
category, and the images) fostered creativity. Not only that,
but the cards represented the two fields (design of ICT
solution and healthcare) with just the right amount of
ambiguity for non-designers to make meaning from them. It
is our understanding that the groundwork we did prior to
designing and using the cards contributed to the card’s
usefulness in the design game. The project meetings we held
with the stakeholders, the simulations we observed at the
center, and the e-mails and conversations we had gave us
insights into the everyday work of the educators and their
field. When designing the cards, this deepened understanding
helped us make better choices regarding categories and
keywords. It shall be said that not all the cards captured the
field of medical practice well. Participants were confused
about some of the cards, like the medium card ‘MR’. MR is
the Norwegian term for MRI and while the design-
researchers intended this card to stand for ‘mixed reality’ it
was interpreted by participants with medical backgrounds as
a medical device similar to an X-ray. As design-researchers,
it should fall to us to help cross boundaries and create
something that makes sense across disciplines. We therefore
recommend other designers and researchers working in the
intersection of disciplines to use extensive time with the
stakeholders to gain a good understanding of the domain the
deck of cards are expected to express and represent.

During the workshop we also saw how the participants
were able to create good ideas together through joint
decision making. We believe this is due to the rules of the
design game and how we structured the activities in the
different phases. Where we previously held several
unstructured meetings discussing the design choices, the
rules in the design game structured collaboration in a
constructive way. Rapid, individual ideation in phase one
broadened their view of what this ICT solution could be, and
each participant brought their unique ideas into the next
phase. In phase two, they spent a lot of time negotiating and
coming to an agreement on which ideas to pursue further,
evaluating design decision and making design moves
together.

In initial project meetings between the design-researchers
and stakeholders, there seemed to be little consensus on what

DISCUSSION

to design. Stakeholders often discussed unrealistic ideas
about what this ICT solution should be, with little regard for
how the technology would work. For example, when
discussing what technology to implement, one stakeholder
voiced a need for creating educational training modules
using virtual reality as medium. This would require a specific
setup in the room intended for the virtual simulation, and it
would be difficult for 60+ students to use these efficiently.
What we saw during the workshop was that the participants
could use the cards to generate ideas and then evaluate those
ideas in a constructive way, for example to make realistic
choices regarding the choice of technologies. Phase three
urged them to reflect on the limitations that space (physical
room), cost and organization of the simulation would require.
The cards helped them to concretize, understand and
evaluate the components of the technical solution. This
enabled the participants to make meaningful decisions about
the creation of complex ICT systems — something which is
well outside their domain of expertise.

B.  Convergent Design Games

Reflecting on what took place in the design game, we
seem to have found a balance between openness and
preciseness in the rules of using the cards. The ideation
activities in phase one and the start of phase two gave room
for exploration of the categories and components of a virtual
simulation for learning. By dividing the workshop into
sequential phases where design activities built upon each
other drove the design process forward in a natural way. This
gave the workshop a constructive pace: the facilitator
controlled the workshop's activities and guided the
participants to the next phase. During the activities,
participants were given room to openly explore ideas and be
creative all the while moving forward to a more concrete and
realistic design outcome.

We believe that this is a good example of the divergent
and convergent design thinking processes described by
Lowgren and Stolterman [18]. Where divergent design
thinking is about creating choices, convergent design
thinking is about which choices to pursue further. By
analyzing the structure of our workshop, we see that phases
one and two are clear examples of divergent design
activities. Further, we see a mixture of divergent and
convergent activities in phase three. Introducing the
challenge cards helped narrow and focus the scenarios by
putting contextual constraints on their solutions. In phase
four they demonstrated their ability to discuss, negotiate and
make decisions by converging their ideas into one final
concept.

Brandt [5] explains how exploratory design games can 1)
stage participation (organize collaboration) and 2) help open
up for multiple ideas. In the literature, the terms “ideation
cards” and “design cards” are used interchangeably. Ideation
is the process of opening up and producing many ideas, but
for anything meaningful to coming from a design process,
designers and participants also need to close in and make
decisions regarding the design. Therefore, it is important to
balance divergent and convergent activities when creating
and facilitating design games. Design cards are usually used
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in the fuzzy front end of design, which by nature is messy
[2]. The same can be said of interdisciplinary collaboration;
before common ground is found, cooperation across
disciplines can be challenging. Therefore, at the start of a
design project, where people from different disciplines come
together to create a product, an artefact or a solution, ideas
are bounced back and forth based on each participants’
expertise and experiences. In turn, this can result in nonstop
divergence, with new ideas and concepts being generated but
where no move is made towards the making of meaningful
decisions. Using a design game with cards and a specific set
of rules to support participants in understanding the problem
space and giving them ‘things-to-think-with’ is most
certainly useful. However, designers also need to provide
non-designers with tools and a framework that helps them
make design moves and choices when creating design
concepts that have a real chance of being built. Rules that
stop the generation of new ideas, help them discuss these
ideas, and move from ideation to conceptualization. To
facilitate for decision making through both divergent and
convergent design activities.

VIIL

In this paper, we have reported on the creation of a
generative design game for medical virtual simulations, as
well as findings from a co-design workshop with medical
educators. In so doing, we have shed light on the need for
collaborative design approaches in the design of virtual
simulations for medical training and learning. The
conventional practice of involving expert users solely for
prototype validation often results in digital learning
environments that inadequately capture the intricacies of
medical practice.

Through a collaborative workshop involving medical
educators and students, we demonstrated how the design
game facilitated for meaningful decision making about
medical virtual simulation. Utilizing design cards and
structured rules provided a framework that enabled non-
designers to engage in design activities. By bridging the gap
between practitioners' expertise in medical education and
design of virtual simulations as learning environment, the
design game empowered participants to explore innovative
design ideas, and critically reflect on possibilities and
limitations with ICT-solutions.

Drawing on Lowgren and Stoltermans [18] notion on
divergent and convergent design thinking, this study also
shed light on the importance of finding a balance between
ideation and making design moves. For future work, it would
be interesting to see more research on how designers and
researchers can structure design activities after the principles
of divergent and convergent design, and in so doing facilitate
for both ideation and decision making during co-design
activities.

CONCLUSION AND FUTURE WORK
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Abstract-This article reviews and maps the literature on how co-
creation and co-design have been used in relation to research on
interprofessional collaborations in education and in practice.
Through a review of the 105 research articles, we find that both
co-creation and co-design have mattered more recently, both as
methodological approaches and to describe aspects of
interprofessional collaboration. Researchers attuned to working
directly with practitioners to solve pressing societal issues
increasingly use co-design and co-creation for this purpose.

Keywords-co-creation; co-design;
collaboration; mapping literature review.

interprofessional

l. INTRODUCTION

Interprofessional collaborations are needed to develop
solutions for many current problems in society. Often
problems that can be characterized as being "wicked" [1]-[3]
requiring ongoing collaboration between disciplines and
professions to provide sustainable solutions.

Wicked problems, including conflict and sustainability, that
transcend the resources for any single disciplinary or even
traditional interdisciplinary approach for solution have become
primary sources of material for contemporary transdisciplinary
work. [3, p. 9]

Methods, tools, and techniques to address wicked
problems have been developed in the design fields,
popularized by the spread and use of "design thinking" [1][4]
One such flavor of design thinking is co-design, a practice
focusing on involving various stakeholders in envisioning and
creating solutions that address complex problems. While co-
design practices are often object oriented, aiming to provide
products, services and systems, the more general practice of
co-creation can have broader aims, focusing for instance on
collaboration, and to innovate and transform future practices.

In our case, we aim to shed light on the conditions for
cross-sectorial collaborations between schools and cultural
institutions in Norway. We undertake a research project
aiming to bridge existing contradictions within the cultural
schoolbag—an ongoing program designed to grant students
access to cultural expressions within educational settings.
Specifically, we explore how student teachers can transform
into agents of change by facilitating connections between
schools and the cultural sector as part of their teacher training.
The backdrop for our investigation lies in the asymmetric

Kristine Hgeg Karlsen

Department of Pedagogy, ICT and Learning
Faculty of Education
@stfold University College
1757 Halden, Norway
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power relations between schools and cultural institutions
within the cultural schoolbag [5]-[8] where teachers view
themselves as having limited influence in TCS activities they
facilitate for [5][9] and lack a clear understanding of their role
[10]. Our project seeks to empower these educators through
co-design and co-creation activities, equipping them with the
knowledge and tools to navigate this complex landscape. In
organizing the co-creation activities, we have sought to
provide support and scaffolding for new collaborative
practices to emerge — to be able to understand the socio-
material conditions for such practices to be made more likely
and durable. We have been guided by the ideal captured by
the concept of “transformative mutuality” which Eyal & Yarm
[11, p. 680] describe as collaborations,

...Characterized by both parties taking an active approach,
engaging willingly and enthusiastically in shared educational
deliberation, and devising and implementing educational
activities that have a synergistic effect, contributing to the growth
of both parties on an individual and organizational level, as well
as to the students. [11, p. 680]

To support an investigation of the potential of co-design
and co-creation activities to shed light on the conditions for
establishing sustainable transprofessional practices in cross-
sectorial collaborations, we have performed a mapping
literature review to ground further studies. Before describing
the methods followed in Section 11, the mapping in Section
IV and its implications for our research in Sections V and VI,
we will provide definitions of the key concepts used in our
search, co-design, co-creation and cross-, multi-, inter-, and
trans-professionality in Section 1.

1.  CONCEPTS

A. cross-, multi-, inter-, and trans-professionality

The distinctions between cross-, multi-, inter-, and trans-
professionality closely follow the distinctions between cross-,
multi-, inter-, and trans-disciplinarity. According to Mahler et
al. [12] the difference between a discipline and profession is
that a discipline seeks to develop theory to understand the
world, while a profession is a practically applied discipline.
For both disciplines and professions, the prescripts cross,
multi, inter and trans denote the degree of collaboration in a
x-disciplinary or x-professional team as categorized in Table
l.
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TABLE I. DEGREE OF COLLABORATION IN X-DISCIPLINARY TEAMS.

Prescript Collaboration
Intra Mono

design being mostly object oriented and co-creation being
mostly process oriented.

Multi Alongside

Cross Alongside and informing each other
Inter Partially overlapping

Trans Almost fully overlapping

The knowledge about the nature and utility of Xx-
professional collaboration so far relies heavily on the mostly
programmatic research on x-disciplinarity. The origins,
development and current issues of transdisciplinarity have
been presented by Bernstein [3]. In the following, we
therefore ground our search concepts on Choi and Pak’s [13]
thorough review of the differences in the definitions of
multidisciplinarity, interdisciplinarity and transdisciplinarity
in the literature from 1982 to 2006. They distinguish between
multi-, inter-, and transdisciplinarity this way:

Multidisciplinary, being the most basic level of involvement,
refers to different (hence "multi") disciplines that are working on
a problem in parallel or sequentially, and without challenging
their disciplinary boundaries. Interdisciplinary brings about the
reciprocal interaction between (hence “inter") disciplines,
necessitating a blurring of disciplinary boundaries, in order to
generate new common methodologies, perspectives, knowledge,
or even new disciplines. Transdisciplinary involves scientists
from different disciplines as well as nonscientists and other
stakeholders and, through role release and role expansion,
transcends (hence "trans") the disciplinary boundaries to look at
the dynamics of whole systems in a holistic way.[13, p. 359].

In summary, they define multidisciplinarity as additive
(2+2=4), interdisciplinarity as interactive (2+2=5) and
transdisciplinarity as holistic (2+2=yellow). They denote the
output of transdisciplinarity as yellow to signify that
transdisciplinary collaborations have to potential to make
contributions that can’t be traced directly to the individual
contributions made by disciplines being involved. Figure 1
depicts a common graphic to explain the differences between
the x-disciplinarities.

B. Co-design and co-creation

Sanders and Stappers [14] provide much cited definitions
for co-creation and co-design. According to their
perspective, co-creation encompasses “any act of collective
creativity, i.e., creativity that is shared by two or more
people.” [14, p. 6] They further relate co-design to co-
creation, asserting that co-design is a specific instance of co-
creation. In essence, Sanders and Stappers [14] co-
design represents a subset of the broader concept of co-
creation. Mattelmaki and Visser [15] offer an alternative
perspective. They view co-creation as a “creative moment” or
“method” within the co-design process. We believe these
problems with mapping the relationship between co-creation
and co-design signifies that the phenomena the concepts seek
to describe are on the same level — it is equally sensible to
write that co-creation activities relies on co-design or that co-
design activities rely on co-creation. We have recently
clarified this by understanding co-design and co-creation as
related but different practices, involving many of the same
practitioners, but with differing goals and rationales — co-

Disciplinary Multidisciplinary

Interdisciplinary Transdisciplinary

-

Figure 1: Based on graphic from Holistic Education Network (no
longer available online).

@ theory

4

o8

insights &

Figure 2. Pre-planned and designer/researcher-led activities to study users
for insights informing the design of something. Image from Sanders and
Stappers [14, p.11].

For our purposes here, we follow Sanders and Stappers
[14] in that co-creation emphasize the importance of
participation and creativity in co-design processes. How co-
creation signifies how all stakeholders should be involved in
design, and where the designers need to take on new roles to
facilitate for this.
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Figure 3. Designers, researchers and stakeholders co-creating insights
together using fitting representational tools. Image from Sanders and
Stappers [14, p.11].

Co-creation inspires a move from pre-planned and
designer-led activities where design researchers study users
for insights informing the design of something, to a model
where the designers and stakeholders co-create insights
together using fitting representational tools. Figures 2 and 3
show how the two collaborative models are depicted in
Sanders and Stappers [14]

Ill.  METHODOLOGY

The targeted scope [16] of the mapping literature review
was research using co-design or co-creation to enhance Xx-
professional collaborations in problem solving. In addition,
we used English and scientific peer-reviewed articles
published in electronic databases without a year limit, as
inclusion criteria (cf. [17]). Table I summarizes the five
criteria of inclusion used for this mapping. An important
clarification is that for inclusion, articles must employ or
investigate co-design or co-creation as a means, i.e., as an
action or intervention, not solely as, for example, “co-creation
of knowledge”, where the output stems from any kind of
dialogue or activity. Furthermore, the study must aim to
describe and develop an understanding of what supports x-
professional collaborations (or cross-, multi-, trans-), where it
is not merely one finding among several.

TABLE II. CRITERIA OF INCLUSION

No. | Criterion type Description

1 Topic Research using co-design or co-creation to
enhance interprofessional collaborations in
problem solving.

2 Date No limit

3 Language English

4 Type of paper Scientific peer-reviewed articles

5 Source Electronic databases

Four searches were conducted in discipline-specific
bibliographic databases: Web of Science, Scopus, Eric
(Education Resources Information Center), and ACM Digital
Library in March 2024. ACM is the largest collection of
literature in computer science, information technology, and
telecommunications. We made this decision to include studies
emphasizing interprofessional collaboration drawing upon
methodologies from the design fields, which we considered

relevant to our research aims. Each search undertaken, utilized
either the term co-creation or co-design, along with one of the
four terms cross-, multi-, inter-, trans-professional, to identify
relevant studies. In the searches we used Boolean operator
“OR” to combine the terms within each concept, and “AND”
to combine the different concepts (cf. [17, p. 109] as follows:

co-creation
OR
co-design

AND

cross-professional
OR
multi-professional
OR
inter-professional
OR
trans-professional

Based on the search, a total of 148 references were
considered potentially relevant and consequently listed in a
spreadsheet. The articles were then independently coded by
the two first authors using the codes co-x (covering the terms
co-design and co-creation) and x-professional (for the terms
cross-, multi-, inter-, trans-professional). To identify whether
the study uses, for instance, co-x as a method or if the
researcher(s) addresses co-x as a phenomenon, each axis was
further divided into two aspects, resulting in four codes: co-x
method, co-x phenomenon, x-prof method, and Xx-prof
phenomenon. The first author coded the articles based on the
abstract, while the second author reviewed the full articles.

The outcome of the coding was that 29 studies were
immediately excluded because they were coded only on either
the co-x axis or the x-prof axis by both coders. Out of the
remaining articles (119), the first and second authors coded
differently on one or more of the four codes in 35 of the
studies. After a brief screening, we found that nine of these
could be excluded because, despite different coding, they
were not coded along both axes of co-x and x-professional.
Subsequently, we were left with 26 studies that the first and
second authors reviewed and coded together, ultimately
agreeing upon a final coding. As a result of this process, an
additional five articles were excluded because they were not
coded along both axes. In summary, out of the 148 studies, we
were left with 105 articles that met all inclusion criteria.

The final step in the coding involved identifying the sector
addressed in the studies—whether it pertained to health,
education, or other domains—and categorizing the research
into vocational research and educational research.

IV. FINDINGS

A. The relationship between co-x and x-professional

The first group of articles in Table Il (Group 1) [18]-[49]
uses variants of both co-x and x-professionality only as
descriptive, analytical concepts — as is common in the social
sciences. Four groups (Groups 2, 3, 4 and 6) all use co-x as
methodological approach, and in addition engaging x-
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professionals in this. The difference between these groups is
whether they also use the terms as analytical concepts:
o only to describe x-professionality (Group 2)

[50]-[72]

e to describe both co-x and x-professionality (Group 3)
[73]-[93]

e neither to describe co-x nor x-professionality (Group 4)
[94]-[113]

e only to describe co-x (Group 6) [114][115]

Two small groups of articles (Groups 5 and 8), [116]-[119]
use co-x as methodological approach but combined with x-
professionality only as an analytical concept. A few articles
(Groups 7 and 9) use x-professionality methodologically but
combined co-x only as an analytical concept [120]-[122].

Overall, the main finding is that the studies reviewed in
this article either use both concepts as a methodological
approach (66) or purely analytically (32).

in the educational sector both in the health and educational
sector (and others, in the review). Specifically, how higher
education institutions equip students for such collaborative
efforts in their professional lives as educators. Bridging this
research gap could lead to future studies aimed at enhancing
pedagogical practice in higher education institutions, which in
turn demand innovative approaches to curriculum design and
development.

V. DISCUSSION

Most of the studies identified and mapped in this review
use the term interprofessional (Table V). According to the
distinctions between degrees of collaboration in x-disciplinary
teams made by Choi and Pak [13] this signifies a high degree
of collaboration between the professionals being studied,
where the professionals actively engage with one another to
provide better solutions (2+2=5). Very few studies use the
term transprofessional, however.

TABLE IlI. MAIN MAPPING. TABLE V. THE USE OF INTER-, MULTI-, CROSS- AND
TRANSPROFESSIONAL IN THE MAPPED STUDIES.
Group Art#
CO-X x-professionality Search engine Term Occurrences

Meth. Phen Meth. Phen. Web of Science Inter 66
Multi 13
1 n y n y 32 Cross 2
2 |y n y y 23 Trans 0

3 y y y y 21
4 y n y n 20 Scopus Inter 79
5 y n n y 3 Multi 19
6 |y y y n 2 Cross 1
7 n y y y 2 Trans 1

8 y y n y 1
9 n y y n 1 Eric Inter 9
SUM 105 Multi 0
Cross 0
Trans 0

B. Field and type of research

In the coding of the 105 studies, it became evident that ACM Inter 54
among the articles identified in this review, the majority are !\:"r‘é'st; 2
situated within the health sector (92 studies) (see Table V). Trans 1

TABLE IV. EDUCATION OR PROFESSIONAL PRACTICE.
Type Sectors
Health Edu. Other
Vocational research 78 5 6
Educational research | 14 1 1
Summary 92 6 7
In total 105

Looking at the type of research conducted within these
studies, vocational research predominates, represented in 78
of the 92. These are studies that explore professional practices
and how practitioners acquire knowledge and skills within
health and care services, both in the private and public sectors.
Out of the health studies, 14 constitute educational research,
focusing on how higher education institutions prepare
students for the workforce.

In the field of education, 6 in total, 5 are vocational
research, while only one focuses on higher education.
Additionally, 7 studies were identified in other sectors (cf.
enterprise, management) of which 6 are vocational research.

Given these findings, it is evident that there is a dearth of
research on x-professional collaborations through co-creation

There could be several reasons for little use of the term
transprofessional in this literature. Many researchers will
probably use transdisciplinary instead, or maybe it is because
the precise meaning of transprofessional collaboration
remains elusive, or maybe we don’t need a category denoting
an even higher degree of collaboration than interprofessional
[13]. Regardless, the answer to these questions, our mapping
indicates the need for more theory building and research to
clearly delineate transprofessional- from other types x-
professional collaborations — and further, into how such
collaborations can inform research on what conditions
sustainable practices involving multiple sectors, disciplines
and / or professions.

VI. CONCLUSION AND FUTURE WORK

The literature mapping clearly indicates that more research
is needed to provide more certainty in what transprofessional
practice is. Providing such clarity will meet the increased
demand to better understand and accommodate for inter-
agency working often requested in public policies [123].
Hulme et al. [123] clarify the notion of transprofessionalism
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as an "expanded professionalism" relying on common
language and shared understandings with the potential to
overcome professional and disciplinary boundaries. They seek
“new forms of collaborative working and a commitment to the
co-construction of knowledge” [123, p. 539] and work with
operationalizing “collaborative practitioner enquiry” to “open
up spaces that allow new transprofessional dialogues to
develop.” [123, p. 542] While Hulme et al. [123] frame
practitioner inquiry as facilitating for third spaces, we look to
co-design and participatory design to achieve the same goals.
In participatory design there is a well-established discourse on
how to facilitate for the emergence of a third space [124] more
specifically and in line with Hulme et al. [123] of how to
facilitate spaces for reciprocity and mutual learning [125].
Exploring such an agenda is in our valuable, and something
we will pursue in our ongoing and future research projects.
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Abstract - In today’s rapidly changing world, educators stand at
the crossroads. Tomorrow’s teachers are responsible of
equipping their pupils with essential 21st-century skills, a task
that transcends mere professional boundaries. As the
educational landscape evolves, teacher education programs
grapple with the mandate to adapt curricula to this new societal
complexity. Our study delves into uncharted territory: the
intersection where arts, culture, technology design and
pedagogy converge. Collaborations between stakeholders from
these diverse domains yield a wealth of insights. Through co-
design, we negotiate roles, seeking common ground - a reflective
practice that may give rise to a “third space”. Drawing from our
analyses, we propose essential aspects for facilitators of such
processes to consider. These insights could contribute to the goal
of nurturing safe, innovative “third” spaces where educators
assume new roles and shape the future of interdisciplinary
course design in teacher education.

Keywords - curriculum design; co-design; professional
collaboration; teacher education; role release; role expansion.

I. INTRODUCTION

To prepare teachers who can adeptly respond to the rapidly
changing future demands in both society and the workforce,
teacher education must align with 21st-century skills [1][2].
This imperative extends to the curriculum, which serves as a
pivotal policy document across educational levels [3]. While
primary school curricula have received significant attention in
curriculum research, there has been a noticeable gap within
higher education according to Karseth [3]. In this study, we
delve into the dynamics that unfold when stakeholders from
diverse disciplines collaborate to co-design a course in
Teacher Education (TE) with the purpose of empowering
future teachers through cross-sectoral collaboration. Through
this effort, the aim is to enhance student teachers’ ability to
navigate the complexities of education, that extends beyond
professional boundaries.

Internationally, Cross-Sectoral Collaboration (CSC) in
school is common [4]-[7]. In Norway, increasingly, school
time is allocated to external partners such as The
Technological Schoolbag, Young Entrepreneurship, and The
Cultural Schoolbag (TCS). While these partners play a role in
realizing the curriculum, their primary purpose is to enrich
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students’ experiences, knowledge, and skills. However, this
development can pose challenges for teachers who must
balance achieving educational goals with limited time for
CSC. Therefore, it is crucial to empower future teachers to
maximize the benefits of working with external actors and
effectively integrate these experiences into the school day.

The study originates from the extensive project,
PARTIciPED, which receives funding from The Research
Council of Norway (2020-2024). The aim of pARTiciPED
has been to foster CSCs between the cultural and educational
sectors. Specifically, it seeks to address the contradictions
within TCS program, which aims to provide students with
access to cultural expressions during their education. The
project investigates how student teachers can be empowered
to act as agents of change in bridging the gap between schools
and the cultural sector. Notably, this initiative arises from the
asymmetric power relations that exist between schools and
cultural institutions within the cultural schoolbag [8]-[11],
where some teachers view themselves as having limited
influence in TCS activities they facilitate for [8][12] and lack
a clear understanding of their roles [13].

In the pARTiciPED project, we have aimed to facilitate
for the emergence of novel collaborative practices and to
understand the socio-material factors supporting the
likelihood and longevity of such practices. In this, we have
been steered by the aspirational concept of ‘transformative
mutuality’ [14]. This concept encapsulates a reciprocal and
transformative relationship, where participants engage in
mutual learning, growth, and change. It transcends mere
cooperation and delves into a deeper synergy—one that
reshapes perspectives, empowers individuals, and enriches
collective actions characterized by Eyal and Yarm as:

...both parties taking an active approach, engaging willingly and
enthusiastically in shared educational deliberation, and devising
and implementing educational activities that have a synergistic
effect, contributing to the growth of both parties on an individual
and organizational level, as well as to the students. [14, p. 680]

We remained committed to nurturing ‘third spaces’ where
transformative mutuality can develop, fostering connections
that transcends disciplinary and professional boundaries, to
facilitate dialogue among stakeholders in teacher education
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institutions (both students and teachers), partner schools, and
TCS. According to Gutiérrez [15] a third space is “a
transformative space where the potential for an expanded
form of learning and the development of new knowledge are
heightened” [15, p. 152], where staff are engaged “in
substantive dialogue about educational values, goals, and
methods, leading to pedagogical innovation” [14, p. 651].
Third spaces thus aim at becoming “a place of invention and
transformational encounters” [16, p. 244]. The third space is
intended to operationalize the role of the (future) teacher, in
line with Meplstad and Preitz’s [17, p. 4] understanding of the
teachers’ autonomy, defined as “the freedom and
responsibility given to the teaching profession to plan teaching
based on professional decisions and justification” (p. 4). A
prerequisite when facilitating such third spaces is to develop
an acute awareness and understanding of the importance of
negotiating roles across the intersecting disciplines and
professions. The negotiating of roles is critical to foster
interprofessionality or even transprofessionality.

In this paper, we investigate the negotiation of roles when
stakeholders from diverse disciplines collaborate to co-design
acourse in TE with the purpose of empowering future teachers
through CSC in the pARTiciPED project. In Section 2, we
present an elaborated background on roles in transprofessional
collaborations, followed by the introduction of the two labs in
the pARTiciPED project in Section 3. Our methodology is
described in Section 4, while Section 5 presents our findings
from unpacking the role negotiation concept in our labs.
Lastly, in Section 6, we propose three central aspects for
negotiating roles and fostering mutual understanding within
professional co-design teams.

II.  BACKGROUND

A. Roles in transprofessional collaborations

To understand types of professionalism we need to
distinguish between a discipline and a profession. A discipline
involves developing theories to comprehend the world. It
encompasses the systematic study of a specific subject or
field. A profession is essentially a practically applied
discipline [18]. Disciplines can be separate and distinct from
one another, each focusing on its unique area of inquiry. The
degree of collaboration between disciplines can vary, leading
to different levels of interaction:

e Intra: Disciplines exist in isolation
(monodisciplinary).

e  Multi: Disciplines coexist alongside each other.

e Cross: Disciplines interact and inform each other.

e Inter: Disciplines partially overlap.

e Trans: Disciplines almost fully overlap, fostering

mutual learning and reciprocity.

Bernard C.K. Choi and Anita W.P. Pak [19] thoroughly
review the differences in the definitions of multidisciplinary,
interdisciplinarity and transdisciplinarity in the literature
(1982-2006). They conclude by giving the following
distinctions.

e At its most fundamental level, multidisciplinary

collaboration is additive and involves various

disciplines working independently or in sequence on
a problem, maintaining their distinct boundaries.

e Interdisciplinary, on the other hand, fosters reciprocal
interaction between disciplines, leading to the
merging of boundaries and the creation of new shared
methods, perspectives, and knowledge.

e Finally, transdisciplinary extends beyond academic
disciplines, including non-scientists and other
stakeholders, to examine whole systems holistically.

They emphasize how transdisciplinarity requires both role
release and role expansion. Role release refers to the
intentional relinquishing of specific responsibilities or tasks
by team members. It involves allowing others to take over
certain functions that were previously within an individual’s
domain. Role expansion involves broadening the scope of a
team member's responsibilities. It encourages individuals to
take on additional tasks or explore new areas.

The types of disciplinarity and how they depend on the
(re)negotiation of roles in teams apply to transprofessional
teams as well. It is important to note however, that in the same
team the same individual can negotiate disciplinarity and
professionality differently, depending on context.

B. Curriculum planning in transprofessional teams

In our context, a collaborative effort unites team members
from diverse backgrounds, including cultural work,
technology design, and education. Together, they co-design a
TE course with the aim of fostering CSCs between the
cultural and educational domains.

Curriculum planning, according to Goodlad [20], is an
ongoing, hands-on process that aims to design educational
programs to enhance learners’ knowledge, skills, and
attitudes. It is driven by the desire to close the gap between
current state and future goals, with educational institutions
bearing the responsibility to achieve these objectives [20].
Curriculum development requires decision-making at various
level. Despite its importance across all educational levels,
research on higher education curricula is relatively sparse [3].
This study contributes to this area by analyzing
transprofessionalism in TE course design.

In Norway, TE is regulated by Framework Plan for
Primary and Lower Secondary Teacher Education for Years
1-7 and 5-10. These plans outline the goals, structure, content,
and desired educational outcomes for teaching at these levels
[32][33]. This article zeroes in on curriculum for a course in
TE focusing on CSC in Norwegian schools (from here
referred to as the “CSC-course”), developed during the
PARTIciPED project. The main aim of the course is to deepen
student teachers understanding of interprofessional
collaboration in schools and to elucidate their role in such
cooperative undertakings.

Goodlad et al. [21] present five curricular perspectives,
with this article focusing on the perceived level—how the
formal curriculum is interpreted into Jocal lesson plans. Steren
[22] suggests that local curriculum efforts can be seen in three
dimensions: as a recipe to be understood, as a framework to
be filled, and as a framework to be developed further. She
posits with reference to Tronsmo [23] that at the third
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dimension, teachers in their professional community
creatively engage with the curriculum to evolve their practice
and understanding of it.

C. Operationalizing spaces for negotiating roles and
finding common ground

In pARTiciPED, we have aimed to democratize not only
the way student teachers are empowered to become change
agents as future teachers, but also how the course has been
designed. In this, we have developed a methodological
approach indebted to the core principles of co-design [24]
adapted to our purposes as securing:

e qalternative visions of 1) how new knowledge is
created and shared and 2) how new skills and
competences create conditions, opportunities and
challenges related to what to learn and how in CSCs.

e mutual learning by finding common ground and
ways of working that emphasize engagement,
expressiveness, negotiation, and problem solving
and that take place in actual settings in teacher
education.

e democratic practices where power relations are
equalized by giving everyone a voice and where all
stakeholders act both in their own interest and in the
interest of the common good.

In line with how Muller and Druin [25] see co-design as
operationalizing third spaces in design, where the third space
represents an in-between region where participants in the
design process can engage in collaborative activities that
transcend traditional boundaries, an intermediary zone where
diverse knowledge and insights converge to inform the needs
of organizations, institutions, products, and services. The
experience is characterized by the 1) questioning of
assumptions, possibly leading to fresh perspectives, 2)
reciprocal learning where participants learn from one another,
fostering mutual understanding, 3) the creation of new ideas
by negotiating and co-creation of identities, working
languages, and relationships and 4) polyvocal discussions
where diverse voices contribute to rich discussions across
differences [25].

III. TWO CASES - ONE CURRICULUM

The pARTiciPED project has established various TCS
labs, bringing together participants from diverse educational
and creative backgrounds such as student teachers, teacher
educators, artists, art educators, cultural workers, designers,
and intermediaries. These labs host co-design workshops that
employ a variety of methods and tools, promoting mutual
learning and transformative partnerships. As part of this effort,
the CSC-course in TE, was co-designed (in TE). A summary
of two pivotal labs analyzed in this study is presented below.

A. Lab Performing Arts

The first TCS lab, hereafter referred to as Lab Art,
fostered a collaboration between teacher education and an art
institution, involving both educators and students, along with
local partner schoolteachers, to solidify a practical
application of co-design. Among the participants, some had a

shared history of collaboration from previous projects, while
others joined in the pARTiciPED project. The aim was to co-
design and implement the CSC-course in TE tailored for
aspiring primary school teachers. The process involved five
workshops: the initial three focused on establishing a mutual
understanding and mapping competencies and roles within
the design team, allowing stakeholders to share perspectives
on curriculum development. Choreopattern, a novel
choreography-based design approach, merging station-based
tasks with movement section, was employed in the two latter
workshops to jointly co-design the content of the course [31].
A crucial aspect of this work was to develop relations
between professional practice of education and art, as
outlined in [32]. The intriguing aspect of role dynamics lies
in the challenges encountered by the participants in the design
team, which will have the primary focus in the discussion.

B. Lab Museum

The second TCS lab focused on engaging student teachers
in designing Cultural Heritage Learning Experiences (CHLE)
in collaboration with museum educators for four whole-day
seminars. Student teachers were challenged to collaborate
with museum educators and to include gaming technologies
in their CHLE designs. To facilitate these student seminars,
we had four co-design workshops involving teacher
educators, technology experts, teachers, and museum
educators. Between these workshops, weekly digital
collaboration meetings were held to address practical issues.
The initial co-design workshop served as an icebreaker,
fostering mutual understanding, exchanging expectations, and
providing an overview of the project and the applied co-design
methodology. The second workshop inquired into TCS
focusing on the challenges and opportunities in schools. The
third workshop entailed a museum visit fostering a mutual
understanding of the museum educator’s perspective. Lastly,
during the fourth workshop, we developed design cards to be
utilized by students in the seminar to enable them to design a
CHLE. An account of the seminars has been reported by [30].
Here, we focus on the collaboration of experts to co-design the
student seminars.

IV. METHODOLOGY

In this paper, we revisit our experiences from co-designing
the CSC-course in TE to discuss how we negotiated roles and
found a common ground as reflective practice. Reflective
practice is ‘learning through and from experience towards
gaining new insights of self and practice’ [26]. John Dewey
[27] was among the first to identify reflection as a specialized
form of thinking. He considered reflection to stem from doubt,
hesitation, or perplexity related to a directly experienced
situation and stresses how we learn from ‘doing’, i.e., practice.
Donald Schon [28] defines reflection as a method to move
from one design cycle to another until one reaches a final
product. He proposes two types of reflection that contribute to
the advancement of design work: reflection-in-action
referring to the act of thinking and doing while in action, and
reflection-on-action referring to the analysis of a design move
after the process has happened. We have applied Schon’s
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notion of reflection-on-action to reflect on negotiating roles
and finding common ground in two labs in the pARTiciPED
project, where we have been leading researchers and have
collaborated with other stakeholders to maintain a co-design
methodology to enable transprofessional collaboration in the
course design.

We did our reflective analysis in two steps. The initial step
commenced with a meeting among us researchers, where we
shared our experiences from the two labs. We reviewed
archived materials including meeting minutes, workshop
plans, and prior publications detailing the lab activities.
Through this process, we identified and categorized the
evolving roles of participants and analyzed how these roles
were manifested during workshops. We applied the concepts
of role release and role expansion in another cycle of analysis
in each of the two labs to explore the different facets of
negotiating roles and finding common ground. We have
chosen a storytelling approach to share our findings by
exemplifying findings with vignettes from our labs. We were
inspired by the concept of method stories [29], where Lee calls
on the design field to “reflect and re-specify its research
direction for design methods, especially for empathic design
methods, that is, not by developing new tools or pinning-down
practices into recipes, but rather towards empowering
designers to be more sensitive and comfortable with the
design-led, local approaches that are essential to empathic
design methods”.

V. UNPACKING ROLES

In the following, we aim to highlight three intriguing
aspects that illustrate the complexity of negotiating roles and
finding common ground in transprofessional course design in
teacher education: the challenge of balancing many roles
simultaneously, overlapping competence, and perceived
ownership.

TABLE L. FORMAL ROLES IN LAB ART
2] 2] [
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52 58| k38
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Participants no. 1 1 1 3 1 2

Project/Lab leader X

PhD-candidate X

PhD supervisor X

Scientific researcher X X X

Artistic researcher X X

Educator X X X X

Student X

School teachers X

Art teachers X X

Professional artists X X

Principals X

Workshop leader X X X X

Manager of the co- X

created course in TE

A. Balancing roles in course design

During Lab Art, educators from teacher education and
professional art institutions assumed multiple roles that were
not sufficiently articulated or negotiated throughout the series
of workshops. Rather, the roles were fluid, with educators
transitioning between them as they deemed necessary. Table |
illustrates some of the formal roles that became apparent as
participants engaged with the lab.

Notably, the table indicates that educators from teacher
education and art education face a particularly demanding
challenge in managing multiple roles, ranging from at least
four to six each. They must make strategic decisions about
which roles to adopt as the project unfolds. For example,
within a single session, the project leader (first author) must
balance PhD supervision, manage the pARTiciPED project,
and lead and facilitate the workshop. Meanwhile, art
educators are balancing their responsibilities as principals of
their art university college, their roles as professional artists,
and their participation in co-design workshops. The potential
for ‘role release’ adds another layer of complexity to
managing these roles on an individual level. To illustrate,
consider the first workshop in the Lab Art: Teacher educators
had organized a session employing scenario-based drama to
simulate a typical visit by TCS to a school. The participants
were cast in acting roles, which some of them found
uncomfortable and ineffective. Consequently, the activity fell

short of its potential.
In Lab Museum, roles were assigned based on
participants’  backgrounds. A  workshop facilitator

orchestrated the workshop activities, informed by participant
input, and worked closely with the project leader. Each
participant had a specific role: a project leader, a PhD
candidate, a teacher educator, a museum educator, a student
teacher, and two in-service teachers (see Table II).
Participants’ roles intersected mainly in the role as scientific
researcher, emphasizing a shared commitment to research
objectives and the collection and analysis of workshop data.

TABLE II. FORMAL ROLES IN LAB MUSEUM
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Participants no. 1 [ 1]1 1 1 1 2

Project/Lab leader X

PhD-candidate X

PhD supervisor X

Scientific researcher | x | x| x| X

Teacher educator X

Student X

School teachers X

Museum educator X

Workshop leader X

Manager of the co- X

created course in TE
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B. Overlapping competence

From Table 1, it is evident that the design team in Lab Art
have overlapping roles. Although at different educational
levels, all participants are educators in some form, except for
the two students. One of the teacher educators, who is also a
PhD candidate, has formal education in art and art pedagogy,
expertise that aligns with that of the art educators. Moreover,
several participants have informal background in art, such as
theater, dance, and music, indicating a level of disciplinary
expertise. The art educators, having been associated with
various TE programs in Norway for years, possess knowledge
of that context. They also share a research interest with one of
the teacher educators who engages in artistic research.
Additional role overlaps also exist. However, what is
particularly intriguing are situations when participants in the
workshop bring to the table expertise usually confined to
other’s domain, necessitating a release of roles to allow others
to take over certain functions, a transition that can be
challenging.

An example that stands out is the instance where the PhD
candidate utilized her art expertise to co-develop
Choreopattern with the other teacher educators, drawing upon
choreographic elements. This joint effort led the teacher
educators to venture into the realm of the art educators, which
introduced challenges in the design team [31]. These
challenges demanded immediate attention to propel
curriculum development forward. During this period of
change, art educators stepped into principal roles, while
teacher educators shouldered the responsibilities of project
leaders and PhD supervisors. Notably, the shift in roles among
some team members precipitated new roles for others. If not
handled judiciously, such role shifts can swiftly lead to
counterproductive interactions.

In Lab Museum, participants assumed roles as experts in
their respective fields, with minimal overlap in competence.
During the second workshop, the in-service teachers took
center stage, discussing challenges and opportunities in
facilitating for TCS activities in schools. The expertise of the
teachers in framing TCS within school practices was
acknowledged by the other participants. Likewise, during the
third workshop, the museum educator took the lead, guiding
the group through the museum and offering an enriching
learning experience for the design group.

C. Perceived ownership

In Lab Art, stakes were high for both teacher- and art
educators, each demonstrating significant perceived
ownership. Teacher educators were invested, motivated by the
course’s alignment with their student teachers’ needs and the
overarching goals of the pARTiciPED project, of which they
were owners. Similarly, the art educators, who also served as
principals of their college, were committed to supervising
their students in their artistic work. This shared perceived
ownership of the outputs of a co-design process have
numerous advantages: collective sense of responsibility, the
imperative of a successful outcome, and intrinsic motivation
for the tasks.

In contrast, not all participants perceived a high degree of
ownership of the process and outputs in Lab Museum. The

student teacher tended to adopt a polite and somewhat guest-
like position in most workshops, perhaps due to feeling junior
in comparison to other participants. While the in-service
teachers contributed to discussions in the second workshop,
they had few responsibilities throughout the seminars and
workshops. The teacher educator and the project leader (who
also had roles as PhD supervisor and researcher) felt the
greatest sense of ownership for the co-design activities, the
teacher educator being responsible for the implementation of
the course being co-designed and the project leader being
responsible for overall goals for the lab. The low perceived
stakes made it less challenging to facilitate for safe
interactions in Lab Museum, and we believe a higher degree
of perceived ownership would have benefited the outputs and
outcomes of the lab.

VL

There are certain considerations project leaders must take
when aiming to provide safe “third” spaces [25] for sharing
and assuming new roles. We highlight three aspects worth
considering when seeking to negotiate roles and establish
common ground in professional co-design teams: the
facilitators level of investment, the need for renegotiating
roles and the degree of association between the professions.

FINDING COMMON GROUND

A. The facilitators level of investment

In Lab Art and Lab Museum the facilitators assumed
markedly different roles in organizing and leading the
workshops. In Lab Museum, an external and experienced
facilitator from the design field (third author) led the
workshops. Her relatively low level of investment in the co-
design outcomes allowed her to concentrate on optimizing the
process. In Lab Art, teacher educators with limited
participatory design experience at the time, led most
workshops, including the first author. They had a high level of
investment in the process however, as they were not only
facilitators, but also directly responsible for the course to be
co-designed. This required them to balance their facilitator
role as securing participation from all parties with making
active contributions in the design of the curriculum.

Based on these insights, we acknowledge that experienced
facilitators, with relatively low level of investment in the
outcomes of the process, have more flexibility to strategically
position themselves to optimize the workshops by adapting
the process to unforeseen situations. They can more
effectively maintain focus on the processes and other
participants are potentially less inclined to suspect the
facilitator of pursuing his or her own interests. Therefore, it is
essential to consider the level of investment that facilitators
have in the co-design outcomes to ensure mutual learning,
growth, and change within professional co-design teams

B. (Re)negotiating roles

In professional teams doing co-design workshops, the
roles of participants need to be continuously negotiated. This
collaborative process extends throughout the project, allowing
participants to renegotiate their roles based on the specific
design needs in different phases of the work. In Lab Art,
where prior collaboration existed among several participants,
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role negotiation was informed by shared work history, and
primarily served to integrate new team members rather than
redefining roles held by existing team members. Conversely,
in Lab Museum, where participants were initially unfamiliar
with each other, role negotiation commenced from the
project’s inception to establish common ground.

This highlights the substantial influence of participants’
shared work history on role negotiation. When team members
are already working together, proactive negotiation or even
reevaluation of roles becomes critical before delving into co-
design activities, such as curriculum design. This deliberate
step must facilitate for both role release and role expansion, to
secure transprofessionality in the co-design activities. Upon
reflection, Lab Art could have benefited from one or more pre-
workshops where participants established a new common
ground and explicitly defined new roles and expectations.
Such clarity would have allowed for thorough discussions
about each participant’s responsibilities and contributions in
the new project, ultimately enhancing dialogue among
stakeholders.

Explicitly agreeing on roles, as well as re-negotiating and
redefining them, emerges as a central topic when professional
teams collaborate in co-design, becoming transprofessional.

C. Association between the professions

In the two labs, participants engaged in collaborative
efforts, each contributing from their unique professional
vantage point. The degree of collaboration between the
professions varied, resulting in distinct negotiation dynamics
among stakeholders.

When analyzing the interplay between teacher education
and external partners in the pARTiciPED project, we observe
a more solid association between the professions represented
in Lab Museum compared to Lab Art. History dissemination
as a practically applied discipline in museums is relevant for
teacher education and teacher educators with history as
subject. Both professional groups have compatible skills,
knowledge, and educational aims. Conveying history is not
exclusively reserved for museum educators. Teachers, social
scientists, guides, and others can effectively communicate
historical narratives across various contexts. In contrast, art
occupy privileged positions in society. Creating art remains
the domain of professional artists and artists participating in
Lab Art can more readily leverage this position to assume
power in the collaborative process.

Facilitators must possess the skills to detect and balance
these emergent power dynamics. This necessitates a
willingness among all involved participants to adapt their
perspectives in alignment with the activities and project’s
overarching goals. Such adaptability can prove challenging
for everyone, also artists, who naturally hold a strong sense of
ownership over their artwork and their artistic processes.

VIL

Facilitating safe “third” spaces for negotiating roles and
finding common ground across professions remains a
challenge. In this paper, we have highlighted and discussed
some aspects of this work, using the ongoing research project
PARTIcIiPED as case. When facilitating for negotiating roles

CONCLUSION

it is important to 1) map the roles in play (one participant can
have many), 2) map the participants’ overlapping and not
overlapping competence, and 3) map the participants’
ownership of the outcomes of the process. The three maps will
be helpful in the facilitation of co-design activities. We
believe that to achieve high degree of collaboration (and
engagement) between the professionals in design teams,
articulating roles, goals, and competence is what should come
first.

When facilitating for finding common ground we find it is
important 1) to make sure that the facilitator has not
conflicting roles and is not to invested in particular outcomes,
2) to provide participants with a shared work history the
opportunity to renegotiate and reset their roles before going to
deep into the design work and 3) to identify and handle power
dynamics that become barriers to role release and role
expansion — for instance if the participants insist on holding
on to professional roles that traditionally have had a privileged
position in society (i.e., artists, doctors and professors).

In conclusion, achieving high degree of collaboration in
professional collaborations is not a straightforward process
and demands deliberate and thoughtful facilitation.
Sometimes a transprofessional outcome remains elusive,
however. We believe that if there is little potential for both
role release and role expansion in the team being mobilized, a
facilitator needs to handle this head on. If the initial co-design
workshop phase fails to facilitate for articulation and re-
negotiation of roles, it is better to reassemble the group rather
than re-articulating entrenched disciplinary and professional
barriers to collaboration.
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Abstract—In the current study, we focus on student teachers’
perceptions of their involvement in InterProfessional
Collaboration (IPC) as part of a mandatory course centered
around The Cultural Schoolbag (TCS). The course emerged
through collaborative efforts, drawing participants from the
fields of education, design, and culture, guided by core
principles of participatory design. Our article explores how
student teachers perceive their participation, their roles, and
responsibilities in promoting democracy, as well as their
experiences in facilitating learning processes within their
educational context. To analyze student teachers’ active
participation in the TCS, we employ an analytical framework
that differentiates between three types of democratic
participation: “about,” “for,” and “through.” We find that by
enhancing student teacher’s ability to contribute to the design
of the TCS through the course, they gained firsthand
experiences democratic participation. Hence, their autonomy as
educators increases, allowing them to voice concerns and foster
active learning during their placement.

Keywords- democratic participation; codesign;
interProfessional collaboration; cultural heritage; AR technology.

l. INTRODUCTION

In a global context, external programs are gaining greater
entry into schools. Norway serves as an example, with
initiatives such as The Technological Schoolbag, Young
Entrepreneurship, and TCS actively engaging with
educational institutions. While these programs provide
valuable opportunities, they may also vie for precious
classroom time, alongside teachers’ current curricula. To
address  this challenge, integrating InterProfessional
Collaboration (IPC) within Teacher Education (TE) has
emerged as a promising approach. By incorporating IPC,
student teachers gain a deeper understanding of their roles and
responsibilities, which empowers them to assert their voices
when utilizing activities provided by external associates.
Ultimately, this integration ensures that the learning
experiences seamlessly align with the school’s curriculum.

The pARTICiPED project [1], led by @stfold University
College (QUC), centers around a groundbreaking cross-
sectorial partnership with schools in Norway. At its heart lies
The Cultural Schoolbag (TCS) [2], which secured substantial
NOK 330 million in government funding in 2023 (28 386 600
euro). Since 2001, TCS has been an integral part of Norway’s
cultural policy, enriching pupils’ lives through high-quality art
and cultural experiences. These cultural experiences span a

Kristine Hgeg Karlsen

Faculty of Teacher Education and Languages
@stfold University College
Halden, Norway
Kristine.h.karlsen@hiof.no

diverse spectrum of forms, including literature, music, film,
performing arts, visual arts, and cultural heritage (as outlined
in White Paper 18 [3, p. 141]). However, despite its value,
TCS faces challenges rooted in inherent power imbalances
between schools and cultural institutions. Researchers, such
as Christophersen et al. [4], Digranes [5], and Hauge et al. [6],
have identified these complexities, emphasizing the need for
more research to fully realize the artistic potential within this
dynamic partnership.

In the present study, student teachers assume a distinctive
role, empowering them to convey a cultural heritage TCS
projects using AR, during their placement. This empowerment
is facilitated through a collaborative design effort involving
stakeholders from the cultural, design, and education sectors.
Guided by core principles of participatory design outlined by
Kensing and Greenbaum [7, pp. 33—34], these principles were
tailored to achieve several objectives, with a key focus on
establishing democratic practices. By doing so, the team
aimed to equalize power dynamics, ensuring that every
participant had a voice. All stakeholders were encouraged to
act in both their individual interests and the collective good [7,
p. 33]. The primary focus of the current article is to assess the
level of participation and action competence acquired by
student teachers as they prepare for and carry out the TCS
project during their placement. To explore this issue, we
formulated the following research question: “What
perspectives do student teachers hold regarding their
involvement in the TCS project targeting cultural heritage?”’

The theoretical framework of this article draws from two
key sources in participatory design: John Dewey’s
understanding of democracy [10] and Paulo Freire’s insights
into adult literacy [11]. These foundational perspectives
inform our exploration of democratic participation within the
context of our study. Additionally, we employ the analytical
framework outlined by Stray and Setra [9]. This framework
categorizes democratic participation into three dimensions:
“about,” “for,” and “through.” These distinctions guide our
examination of how democratic processes unfold. In Section
11, the theoretical grounding and the analytical framework of
the analyses are accounted for. Section Il we provide an
outline of the empirical case, followed by a description of the
research design and analysis. In Section IV, we analyze and
discuss the empirical evidence considering the theoretical and
analytical framework. Finally, in Section V, we draw
conclusions and recommendations for future work.
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I[l.  PARTICIPATION IN
COLLABORATION

In the context of participatory design, democratic
participation does not occur spontaneously. Instead, it
requires deliberate effort. One influential thinker in this realm
is John Dewey [10]. His ideas emphasize educating and
engaging individuals to act in their own interests while also
considering the common good (as discussed by [7], p. 33).
Schools hold a crucial position as societal institutions with a
democratic educational mandate. Education is essential not
only for individual growth, but also for maintaining and
actively participating in society. An education system that
aims to foster democratic practices must be built on certain
foundational principles. According to Dewey [10], equal
communication plays a pivotal role. This principle ensures
that individuals have a voice and can actively shape both their
personal interests and collective well-being within society.

The current article explores the relationships among the
pedagogy of the oppressed [11] and participatory design to
understand how power dynamics can be aligned by providing
student teachers with voice and action competence in the TCS
as part of TE. In the twentieth century, the liberation educator
Paulo Freire [11] was among those who laid a foundation for
understanding power relations, humanity, and dialog for
social change, aiming at a better future society. Born in Brazil
in the 1960s, he developed an adult literacy methodology that
has become one of the most respected pedagogical references
in the world [12]. Freire created his liberating pedagogy
based on how all people should become equal participants in
communities and develop their identities by taking charge of
their own environment [11, p. 11]. According to Freire [11],
self-determination and codetermination are fundamental to
people’s quality of life. Unequal democratic practices and
power relations make it necessary to transform the context of
oppression-oppressors. Equalizing power relations includes
finding ways to give a voice to those oppressed by structural
conditions and social differences.

In school, Freire [11] points out that students become
patient listening objects, while teachers are narrative subjects
“filling the students’ heads” with their understanding and
reality, which might be completely foreign to the students’
existential experience (p. 54). In this way, education becomes
knowledge from those who “understand it” to those whom
they consider completely ignorant. If one regards others as
ignorant, this is a characteristic feature of the ideology of
oppression. According to Freire, literacy is not only the
ability to read and write, but also a transformative medium
where individuals, through awareness, authentic experiences,
and critical consciousness, might be given the ability to
“understand the world”. Allowing individuals to critically
understand, problematize, and communicate their reality
enables the transformation of the oppressed through
“dialogical action” [11 p.71]. Dialog and action meet when
there is a common desire to express views and transform the
world (p. 72).

SOCIETAL  INTERCULTURAL

A goal of democracy education in Norwegian schools is to
motivate and prepare students to act. The development of
action competence is also linked to studies of power relations
in which identifying and assessing alternative actions are
important [13]. Mogensen and Schanck [14] discuss action
competence as an ideal for education; they state that “action
should be addressed to solutions of the problem and should
not just be the activities as a counterweight to academic
tuition” [14, p. 61]. This is because action competence and
action-oriented teaching and learning have important
learning potential. Being conscious and purposive might
challenge the criteria on which today’s education is based.
This perspective on the notion of action means that action
competence is necessary to change the circumstances that
create and sustain challenges in the school system [14].
Hence, action competence can be viewed as a specific
activity that potentially leads to increased consciousness and
transformation.

A. Analytic framework

Working with democratic principles, such as equal
participation, in the education system means having a
conscious relationship with what democratic participation
may entail. The analytical framework used in the current study
is the three dimensions of teaching democratic participation,
outlined by Stray and Seetra [9] and further elaborated by Stray
[15], about, for, and through democratic participation. In
addition, we emphasize the importance of developing action
competence through practical experiences to be able to reflect
on and transform current practices.

The starting point is that both democratic participation and
actions can be learned [13]. We can differentiate between
different dimensions of democratic participation. According
to Stray [15], education about democracy means knowledge,
that is, about the history of democracy, organizations, and
political processes. This is important knowledge for
understanding the functions of the society in which we live
and become informed citizens. The purpose of education for
democracy is for students to develop competence in critical
thinking and communication skills [15]. Values and attitudes
are explored and developed in the school’s learning
environment. In the last dimension, education through
democratic participation, students acquire experiences of
active participation in democratic processes. This implies that
the teacher is a decisive participant, supervisor, and facilitator
for active participation and for understanding democratic
processes in the classroom [9]. We depart from this
framework to examine and understand how student teachers,
here through participatory approaches, were given a voice to
communicate changes in asymmetric power relations when
working with TCS and cultural heritage projects in TE and in
their placement.

I1l.  CULTURAL SCHOOLBAGS AS PARTICIPATORY DESIGN
INTERVENTIONS

The following section provides an outline of the empirical
case, followed by a description of the research design and
analysis.
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A. Making use of AR technology in cocreating TCS art
projects

The pARTICIPED project aimed to provide empirical
insights into organizing and implementing TCS within TEs.
The goal was to empower student teachers as they transition
into their roles as future educators. The project established
three laboratories, each dedicated to different domains:
performing arts, visual art, and cultural heritage. These
laboratories served as spaces for exploring the educational
practices related to TCS. In the Cultural Heritage Laboratory
(CH lab), a design team of four coresearchers planned and
organized five workshops together with one museum
educator, two teachers, and one student teacher at GUC. A
primary objective was to employ participatory design with the
use of serious games to facilitate the collaboration of museum
educators, teachers, and students in creating cultural heritage
TCS projects.

Furthermore, as part of the HC lab, the design team
cocreated and conducted a course design tailored for fourth-
year student teachers in TE (QUC, 2023). The course
comprised a total of four seminars. In the course, the student
teachers were provided with tools and techniques from
participatory design, such as the design card methodology
[16]. Additionally, they were introduced to hybrid museum
experiences centered around industrial history provided by the
local museum, Moss town and industrial museum. Based on
this foundation and working closely with the design team, the
student teachers were assigned to cocreate a new learning
experience (in alignment with [17]). This involved utilizing
AR technology via a mobile application to grant pupils access
to historical material and opportunities for self-expression
within it. This project was integrated into an IPC during the
student teacher’s placement.

Through this work, we examine the reflective notes
created by student teachers after their active participation in
co-creating and implementing the project, allowed them to
adapt and shape the content of TCS to align with their specific
subjects, classes, and interests.

B. Empirical data and analysis

The pARTICIiPED project has collected extensive data to
explore various aspects of IPC within the context of TCS.
These contributions include new and innovative methods for
TCSin TE [18][19], insights into collaboration between artists
and student teachers, highlighting the integration of TCS
within everyday learning in schools (see, e.g., [20][21][22])
and negotiating roles [23], and building capacities for artist
visits beyond generic knowledge and skills [24].

In the current article, our primary data source consists of
reports written by the students upon completion of the course
and placement. These reports span a total of 199 pages. The
report was divided into two sections: collective and
individual. In the collective part, the student teachers
collaboratively reflected on their group efforts during the
placement. This section provides insights into their joint
experiences and observations. In the individual part, each
student participated independently. We were particularly
interested in their thoughts regarding their own involvement

in the projects. Each report included 14 questions addressing
these aspects.

In our data analysis, we followed a three-phase qualitative
coding approach inspired by the method proposed by Saldafia
[25]. In phase 1, we thoroughly reviewed all the material (199
pages). Our goal was to gain an overview of potential codes
and interpretations related to student teachers’ involvement
and their own thoughts on the process (in accordance with
[25], p. 19). We rapidly selected relevant codes, marking text
passages within the material (p. 105). Examples of these codes
included terms such as “collaboration and mutual support in
implementation” and “multiple levels of engagement and
action competence.” This initial phase was conducted
collaboratively, and an interesting observation emerged:
Student teachers strongly believed that teachers should play a
more significant role in planning and implementing TCS
projects. In phase 2, we delved into the textual passages that
we had coded in the initial review. Our aim was to organize
these passages into a “smaller number of categories” [25, p.
236]. This step helped us prepare for the final phase. In the
third and final phase, we realized that the analytical
framework proposed by Stray and Seetra [9] could be used to
effectively synthesize the material. By applying this
framework, we identified emerging patterns and themes
related to student teachers’ experiences and perspectives.

Upon analyzing the data, a clear pattern emerged. Student
teachers, when given the chance to cocreate their own TCS
design using participatory design principles, not only
encountered a markedly different approach to TCS, but also
observed an intentional effort within the CH lab to balance
power relationships—a departure from the typical dynamics
associated with TCS projects in schools. Power relations are
interconnected and complex. It is important to be aware that
this analysis simplifies the complexity. Nevertheless, our goal
is to shed light on an area that, as far as we know, has received
limited research attention. This exploration may contribute
with intriguing insights into new ways of understanding TCS
and the collaboration between cultural, design and educational
domains. In the subsequent sections, we present the results of
the analysis and discuss these findings, which are firmly
anchored in the research question.

IV. PARTICIPATION THROUGH THE CODESIGN OF

CULTURAL HERITAGE

The TCS aims to democratize access to art and culture for
pupils in schools. It operates as a decolonized initiative,
ensuring that all students can engage with various professional
arts and cultures during their years in school. Teachers play a
crucial role in integrating art and culture into the curriculum.
Their mission is to make these visits accessible to all pupils,
regardless of their backgrounds or abilities [3, p. 136].
However, achieving this goal involves navigating several
challenges, especially when considering the democratic
values of participation. In most cases, TCSs follow a “top-
down” approach, where teachers are informed “about” when
and what the TCS project entails by the school management
or a coordinator. One of the student teachers reflected on past
experiences with TCS: “I have gotten the impression that
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teachers experience many TCS projects are just something
they need to undertake, without knowing much about them.”

In this framework, teachers are actors who, once informed,
can align their actions in accordance with the goals set for
TCS. However, there is a risk, as per Freire’s [11] perspective,
that the teacher is cast in the role of “uninformed” (cf. [23]);
they find themselves in a position where they must
accommodate a TCS project that may or may not align with
ongoing school activities. However, by enhancing action
competence through participatory design workshops, student
teachers increase their competence and critically reflect on the
learning potential of TCS activities. This process bridges the
gap between cultural experiences and the specific situations
faced by student teachers in schools. This shift occurs when
the focus moves from learning “about” democratic
participation, as defined by Stray and Satra [9], to learning
“for” and “through” democratic participation.

When student teachers actively participate in democratic
processes, they can critically adjust the TCS project in
accordance with their knowledge of the pupils and their
learning situations. One of the student teachers commented, “I
envision that if teachers at the schools actively involve themes
and teaching methods, it may encourage more pupils to drive
TCS projects.” Another student teacher put it this way: “I feel
this has been a good exercise in making creative plans for the
pupils. We have been pushed to think outside the box.” The
students’ reflections imply that bridging the gap between
cultural expertise and pedagogical knowledge will be
advantageous for the TCS project.

Achieving this without expecting (student) teachers to
become artists and artists to become teachers but rather
allowing them to pursue their own professions (cf. [26])
presents a challenge, but it is essential for meaningful
educational experiences for pupils in school. The participatory
design process of TCS projects has given student teachers the
ability to reflect on their own pedagogical practices. They
have gained autonomy in implementing TCS projects related
to cultural heritage, which has enhanced their action
competence. Additionally, this has enabled them to think
creatively and find new ways to engage pupils as active
“subjects” in their own learning process. As one student
stated, “I strongly believe that the pupils get more out of it and
learn more by being a participant yourself.” Another student
affirmed, “The own-design TCS project was engaging and
dealt with several activities where the pupils could try out
something new, discuss, reflect, and try your hand at role-
playing.”

According to Freire’s [11] perspective, involvement in
work leads to a critical understanding of current practices.
Through dialog and action, the student teachers have
increased their voices and critical thoughts on TCS projects in
school. This process allows them to address structural
conditions that prompt democratic values and principles. The
pupils do not enter school with empty heads. They are
knowledgeable citizens who need to engage themselves in
learning processes that not only make them informed citizens
but also see different perspectives and critically assess their
surroundings through exploratory teaching. This might
contribute to developing pupils’ understanding of how to learn

and engage in activities in a wider community context. As one
student teacher expressed, “being able to let go of control is
an important learning, which gave a new aspect to the learning
outcome for us students teachers.” Dewey [10] emphasizes
that learning and education are necessary both for individual
development and for being active and independent citizens in
a democratic society.

The significance of addressing solutions to handle
challenges related to activities that counterbalance formal
education is underlined by Mogensen and Schanck [14]. We
argue that enhancing student teachers’ action competence can
be achieved by integrating it into TE programs. Thus, TE can
serve as a catalyst for change. One of the student teachers
highlighted that “what worked well with the TCS project we
developed was that we had collaborated well [among us
students] during the preparations, which allowed us to work
seamlessly during the TCS project implementation in school.”
In the CH lab, these students were tasked with taking part in
TCS on their own terms, and we observed an attempt to “level
out” power dynamics.

In pARTICIPED, student teachers assumed new roles that
allowed them to experience and work through demaocratic
participation. Consequently, this experience may empower
them to influence the educational system as they transition
into school as future professionals. One student teacher
expressed this as follows: “.... teachers can submit requests
for which goals they want the students to achieve and themes
that can be used. This will contribute to teachers seeing TCS
as something meaningful for the school and not just a
‘happening.””

Based on this discussion, we have tailored Stray and
Satra’s [9] three types of democratic participation “about,”
“for,” and “through” to the context of TE when educating
student teachers for IPC with artists and cultural workers as
future professionals (see Table 1). We have incorporated
strategies that succinctly describe the activities encountered
by teacher students during their TE. Furthermore, we have
revised and clarified the goals and explanations, drawing on
relevant excerpts in our data corpus.

TABLE I. THREE MODES OF DEMOCRATIC PARTICIPATION DURING
SCHOOL VISITS
Dimensions Strategies Goals Excerpts
Teaching Student teachers | Students’ teachers “I have got the
about TCS are “handed acquire knowledge impression that
project over” TCS about TCS either teachers
project on during their classes | experience many
Knowledge- campus to take on campus or as TCS project as
based partin, or to be part of placement. just something
competence implement as This knowledge they need to
of the TCS part of their equips them to act undertake,
projects and placement. in accordance with without knowing
their subject- the instructions much about
related provided for TCS them.”
content in schools.
Teaching for | Student teachers | Student teachers “.... teachers can
democratic engage in actively cultivate submit requests
participation | exploratory attitudes and values | for which goals
teaching. Here, essential for they want the
Value and they develop democratic students to
attitude competence in preparedness. Their | achieve, and
competence critical thinking understanding of themes that can
and the teacher’s role be used. This
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will contribute to
teachers seeing
TCSas
something
meaningful for
the school, and

communication
skills through
active
communication,
sharing their
own views, and

undergoes
transformation.

actively not just a
listening to ‘happening.””
others.
Teaching The student Student teachers “This was both
through teachers are develop action new for me and
democratic given competence for the pupils. It
participation | opportunities to through was, therefore, a
—action act as an agent experiencing and bit scary to
competence of change, exploring varied venture out on
striving to TCS project either such a project.
equalize on campus or in Having said that,

participation and
communication

placement. The
experience must

being able to let
go of control is

of TCS project. create opportunities | an important
for the students to learning, which
participate in gave a new
democratic aspect to the
processes based on learning outcome
democratic for us student

principles when, teachers.”
for example, taking
part in or co-
designing and
implementing TCS
projects in schools.

V. CONCLUSION AND FUTURE WORK

Teachers play a crucial role in integrating art and culture
into the curriculum. The mission of TCS is to make these
visits accessible to all pupils, regardless of their backgrounds,
interests, or abilities. However, achieving this goal involves
navigating several challenges, especially when considering
the democratic values of participation. In the future,
enhancing the action competence of student teachers can
increasingly enable them to reflect on TCS activities,
communicate with them, and further develop TCS learning
potential. This process bridges the gap between cultural
experiences and the specific situations faced by student
teachers in school, shifting the focus from learning “about”
democratic participation to learning “for” and “through”
democratic participation. This perspective aligns with
Freire’s [11] concept of adult literacy, which suggests that
effective communication with others involves a range of
skills beyond reading and writing.

What is intriguing about the participatory design process
utilized in the CH lab in the TE is that our students’ teachers
gained a significantly different approach to TCS through
active involvement. Moreover, based on their participation
and input, the student teachers cocreated a digital museum
experience for their pupils that they were able to test during
their placement. What occurred in the CH lab was an attempt
to “level out” the asymmetrical power imbalance to meet the
criticism of the TCS, where teachers learn about the TCS
project and often feel that they lack the necessary competence
to collaborate in equal terms in the TCS project in schools.
By collaborating with the design team and peers, the student
teachers gained insight into an alternative approach to TCS,

where they experienced significant autonomy, an important
aspect of being professional teachers. We argue that when
teachers embrace TCSs as future educators, they should not
relinquish their autonomy; rather, they should assert it. The
following question then arises: How can teachers engage as
professional educators in TCS projects in schools without
sacrificing their autonomy? We believe that by being
“subjects” in their own teaching context and exercising their
own action competence through IPC, the potential of TCS
can be realized, aligning well with the mandate of
professional teachers.

Teachers know their students well and can develop their
action competence and critical thinking skills if they are
allowed to participate actively in the development of TCS
projects, not only by learning about them, but also by
instructing them. This had a significant spill-off effect on the
involvement of pupils in their own learning process, hence
motivating both student teachers and pupils to work with TCS
projects on cultural heritage. In this IPC undertaken in TE,
student teachers had the opportunity to cocreate their own
TCS design based on principles from participatory design,
meaning that they were not provided with a preexisting TCS
project that they learned about, and were instructed to
implement. They worked with participatory principles from
which they generated ideas for TCS projects to be further
developed for practical use during their placement.

We posit that enhancing teachers’ dialogical actions
through IPC not only grants them increased autonomy but
also empowers them to assume novel roles as conveyors of
art and culture. However, we do not advocate for this
approach to replace or supplant traditional modes of museum
experiences (or art visits) facilitated by professional cultural
workers. Instead, it can serve as a complementary supplement
that directly engages teachers and offers a potential avenue
for an actual collaboration between culture, and education.
Further research on creating “dialogical space” could explore
possibilities for articulating such possibilities within the
framework of TCS. This might further contribute to
transforming the teaching and learning processes of TCS
from the more instruction “about” cultural heritage to active
participation “for” and “through” their experiences as
professions working with TCS projects.
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Abstract— We examine the fake news problem, emphasizing
user-led solutions. Students were assigned a task to design a
technology-based solution to combat online misinformation
defined as fake news. Eighteen teams participated, a total of 89
students. Analysis reveals that 38.9% of teams devised
algorithm-focused solutions, 27.8% proposed human-focused
solutions, while 33.3% designed solutions that incorporated
both algorithmic and human-centered approaches to
addressing the misinformation problem. We identified a
fundamental assumption regarding the effectiveness of
Artificial  Intelligence and  algorithms,  highlighting
technological sophistication. These findings contribute to the
ongoing discourse on combating fake news and provide
directions for future research and development of effective
technological interventions by considering human factors.

Keywords- fake news; solutions; human factors; design.

I. INTRODUCTION

Fake news is fabricated and untruthful information
spread deliberately to deceive a readership or viewers. It
often resembles real news stories but contains false
information and may mix real and fake sources, quotes, and
information. While the Internet has enabled people to stay
informed about global events, it has also become a breeding
ground for spreading false and malicious news [1].
Consequently, fake news has become a global issue that
affects people in various aspects of life, such as healthcare,
transportation, education, and business.

Researchers have explored many techniques for detecting
fake news [2]. These detection approaches often focus on
social media, as fake news is frequently distributed on social
media, also known as social media platforms or social
network sites. While the consumption of news through social
media is increasing due to its speed, accessibility, and
affordability, social media also provides a platform for the
widespread dissemination of fake news, which intentionally
contains false information for political purposes, trolling, or
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other nefarious objectives [3]. The popularity of social media
has led to a shift in how people access news, with traditional
sources of journalism being replaced by online social media
sources. In particular, the rapid rotation of news on social
media can make it difficult to determine its reliability [4].

The creation and dissemination of fake news can
potentially deceive users and influence their opinions,
leading to undesirable consequences for society [5]. Online
social networks like Twitter have increased the spread of
false information and fake news. This misinformation can
lead to harmful consequences for individuals who believe in
inaccurate claims and articles. Therefore, the prevalence of
false information and deceitful content in the form of
articles, posts, videos, and URLs on popular social media
platforms has raised concerns among journalists and editors,
among other stakeholder groups, emphasizing the need for
tools and processes to aid in content verification [6].

Detecting fake news is essential to prevent panic and
confusion [7]. To tackle the issue of fake news, researchers
tend to develop algorithms, models, and systems that aim to
distinguish between real and fake news and help scientists
and the public access accurate information [8]. However, the
computing research community has not thus far been
successful at delivering definitive solutions to the fake news
problem. Despite impressive results in laboratory settings,
these results are rarely implemented in real systems, and
when they are, they are unable to address the full scope of
issues relating to wusers’ behaviors, psychology, and
sociology, i.e., factors that cannot easily be affected using
algorithms alone. So, there is a need to better understand the
full scope of the fake news problem.

The current research approaches the problem through co-
creation with students [9]. In our study, university
undergraduate students who are experts in neither Machine
Learning (ML) or fake news research (apart from general
knowledge as users of online media) propose solutions to the
fake news problem — the naiveté of these solutions can reveal
novel angles about the problem, as business students are not
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“pre-programmed” by the current paradigms and models of
approaching the problem, thereby potentially observing
aspects that might be hidden or left with little attention in the
computational research on fake news.

We analyze students’ proposed solutions through six
Research Questions (RQs), justified as follows:

RQI: How many student teams designed algorithm-
focused and how many human-focused solutions? This
question is relevant as computational literature tends to focus
on algorithms rather than human factors, potentially limiting
the scope of solutions. We examine the division of the
proposed solutions into these two broad categories.

RQ2: What themes can be observed in the students’ fake
news solutions? We conduct an open coding [10] of the
material submitted by the student teams in order to
inductively identify central themes in the solutions. This
inquiry is of a qualitative nature.

RQ3: What are the central assumptions that the student
solutions rely on? By analyzing the assumptions underlying
the solution, i.e., what factors are required for the solutions
to work, we aim to shed light into the conditions, especially
those extending beyond the technological realm, of
practically workable fake news solutions. The literature does
not often discuss such conditions (see Section 2).

RQ4: What are the central risks that the student solutions
involve? We asked the students to identify key risks in their
solutions; here, we analyze the types of risks they identified.

RQS5: How realistic are the student solutions? What are
the more realistic aspects? What are the less realistic
aspects? With this RQ, we aim to dissect the parts in the
student solutions that have a degree of possibility of
succeeding and, symmetrically, the parts that are likely to
fail (according to our assessment). For this, we conduct a
critical inquiry into the content of the solutions.

RQ6: What metrics do students propose to measure if
fake news solutions work? Finally, we address the question
of how the students would suggest measuring the success of
fake news solutions. Prior research has focused on technical
metrics (e.g., F1 score, accuracy, precision, recall) to
evaluate research contributions—however, these metrics focus
on the internal performance of the models while ignoring
their ecological validity, i.e., how well the models would
contribute to the solution of the fake news problem when
implemented. Naturally, this question is beyond the
computational paradigm based on ML, but we precisely
argue here that fresh ideas on evaluating fake news solutions
can be fruitful and interesting for the research community.
So, we analyze the metrics proposed by the students.

Our analysis is based on a qualitative interpretation of the
student-based solutions. We do not attempt to present
definitive facts about solving the fake news problem, as we
believe doing so is extremely complex. What we aim to do
instead is to shed light on the more rarely discussed aspects
of the fake news problem — those not directly associated to
the creation of better systems, models, and tools but instead
indirectly affecting the implementation in actual user
environments. While most research in this field is of
technical nature, focused on factors like algorithm selection,
hyperparameter optimization, training and test splits, and so

on [11], we believe that the current study complements these
technical views by offering a perspective closer to the
everyday user of social media platforms. As such, we believe
this inquiry has value for the research community.

Section 2 reviews prior research on this topic. Section 3
outlines the methodology for data collection and analysis.
Section 4 presents the results, followed by a discussion of
findings and future work in Section 5.

II.  LITERATURE REVIEW

As discussed above, the fast spread of fake news is a
significant concern. This has motivated researchers to
introduce solutions for automatically classifying news items
[12]. Much research has focused on Artificial Intelligence
(AI). Previous research has concentrated on classifying
online reviews and publicly accessible social media-based
posts [13]. Automated fake news identification technologies,
such as ML models, are essential in the current body of
research [14]. Current techniques primarily rely on Natural
Language Processing (NLP) and ML models [15]. While
traditional ML methods have been used to detect fake news,
genetic algorithms are potential due to converging to near
optima with low computational complexity [15].

Many news agencies publish news on their websites, but
not all are trustworthy. Therefore, before quoting any news
from a website, it is necessary to evaluate the reputation of
the news resource using a trusted website classifier. Mughaid
et al. [2] proposed using the world rank of news websites as
the main factor for news accuracy, along with a secondary
factor that compares the current news with fake news to
determine its accuracy [2]. Thus, the source of the news is
considered a crucial factor in determining fake news.

According to Shu et al. [3], existing detection algorithms
focus on clues within news content (e.g., text, semantics,
images), which may not always be effective as fake news is
often intentionally written to mimic true news; e.g., by
making it sound professional and convincing. Therefore, it is
necessary to explore auxiliary information to improve
detection [3]. For example, sophisticated techniques are used
to deliberately modify text or images to create fake news.
Giachanou et al. [5] proposed a multimodal system that
combined textual, visual, and semantic information to detect
fake news. They utilized Bidirectional Encoder
Representations from Transformers (BERT) to capture the
underlying meaning of text. For a visual representation, they
extracted image tags using the Visual Geometry Group-16
(VGG-16) model. The semantic representation was
calculated using cosine similarity between the title and image
tags embeddings [5].

Nikam and Dalvi [16] proposed a method for classifying
fake news on Twitter using a web-based Graphical User
Interface (GUI). They developed an ML model that
compared tweets to genuine sources to identify fake news,
using the Naive Bayes (NB) and Passive Aggressive (PA)
algorithms with Term Frequency-Inverse Document
Frequency (TF-IDF) feature extraction [16].

Sheikhi [12] presented a system for detecting fake news
articles based on content-based features and the Whale
Optimization Algorithm-Extreme Gradient Boosting Tree
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(WOA-xgbTree) algorithm. The proposed system can be
applied in different scenarios to classify news articles. The
approach consisted of two main stages: first, the useful
features were extracted and analyzed, and then an xgbTree
algorithm optimized by the WOA was used to classify news
articles using the extracted features [12].

Huang and Chen [17] presented a deep learning-based
fake news detection system. The proposed system
preprocessed news articles and analyzed them using various
training models [17]. To detect fake news, Huang and Chen
[17] introduced an ensemble learning model called the
Embedding Long Short-Term Memory (LSTM), Depth
LSTM, Linguistic Inquiry and Word Count (LIWC)
Convolutional Neural Network (CNN), and N-gram CNN.
Moreover, they optimized the weights of the ensemble model
using the Self-Adaptive Harmony Search (SAHS) algorithm
[17].

Singhal et al. [18] argued that detecting fake news
requires a multimodal approach. As most multimodal fake
news detection systems rely heavily on subtasks such as
event discrimination and correlation analysis, they proposed
SpotFake, a multimodal framework for fake news detection
that does not require any additional subtasks. Their approach
leveraged both textual and visual features of an article, using
BERT to extract text features, and VGG-19 to extract image
features [18]. Gundapu and Mamidi [7] used an ensemble of
three transformer models (BERT, ALBERT, and XLNET)
for evaluating the reliability of information related to the
COVID-19 pandemic shared on social media [7].

As in most NLP tasks, transformers represent the state-
of-the-art in fake news detection (note that our review does
not include Generative Al or Generative Pre-trained
Transformer (GPT) models, as these were not broadly
available at the time of the review). The accuracy achieved
by these models is impressive, which is one reason why the
research community should expand its scope of examination
— it is unlikely that the algorithm will get much better from
this point. Instead, we expect decreasing marginal returns,
which is why it is logical to pursue other aspects of the
problem, including the implementation and application
aspects.

Overall, the predictive results are impressive. It is not
evident how the researchers can continue improving them
over time, as it appears we are already at the >90%
performance. Thus, the domain requires new, fresh ideas to
explore. Some of these ideas can originate from externality,
outside the computing research community, for example,
from students. To this end, we move forward to the empirical
part of this study, addressing our research questions. Before
that, we briefly summarize our methodology.

III. METHODOLOGY

A. Data Collection

Students were given an assignment to design a
technology-based solution to fake news, which was defined
as online misinformation. The students carried out the task in
teams, and there were 18 teams (in total, the course had 89
students, so each team had 4.9 students on average). Each

team submitted their solution in a slideshow presentation.
The content of these slideshow presentations was coded into
a spreadsheet and then analyzed to address the research
questions. Students were informed that their contributions
could be used as a part of ongoing research on fake news.

B.  Data Analysis

For the analysis, first, we evaluated students’
presentations. Each solution was assigned a unique ID (S01-
18), and we analyzed the solutions individually. This
procedure was as follows:

Step 1: Determine whether a solution is:

Algorithm-focused (i.e., the solution relies mainly on
the technical aspect of the algorithm and technology to deal
with the problem of misinformation).

Human-focused (i.e., the solution relies mainly on
humans doing the activities of finding, filtering, and
decision-making about misinformation)

Mixed-focused (i.e., the solution combines aspects of
both algorithms and humans)

Step 2: Evaluate the level of realism (1-7) of the
solution, 1 being not realistic at all, and 7 being very
realistic. If a solution involved many different stakeholders
aligning in their thinking, too much technical sophistication,
too many aspects of misinformation covered in the solution,
that would make the solution unrealistic, with a mark of 1 or
2. A specific solution focused on a specific form of
misinformation, a specific platform, or a development of a
new platform for a specific niche need, and has a clear view
about its functioning. Such a solution was marked with 6 and
7; the difference between the two is the number of
stakeholders involved in the solution being built and
implemented or the likely amount of work needed to develop
the solution. For example, SO1 has a realism of 6,
meanwhile, S09 has 7. This is because S09 is a feature
integration with already existing social media platform(s),
meanwhile, SO1 proposes a standalone platform that gets
information to and from different individuals and
organizations and is more difficult to implement, as opposed
to working directly with an already existing platform to
improve this segment of misinformation handling.

Step 3: Evaluate the level of clarity (unknowns) of the
solution, one, meaning there are a lot of unknowns, and 7,
there are little unknowns about the solution presented. Too
many unanswered questions on how the solution will be
built, who the stakeholders are, and how it will be
implemented, with what technology leads to marks 1 and 2.
Opposing, having the most clarity and the least number of
unanswered questions leads to marks 6 and 7. For example,
S19 is a highly specific, niche solution for removing Al-
generated misinformation, giving information on methods
and technology that will be used, the implementation route,
and the precise limitations of the solution.

Step 4: Extract assumptions, risks, and metrics from the
students’ presentations.

Step 5: Assign themes/taxonomy to each solution.
Answering the questions: “What is common to the solutions
— algorithm-focused or human-focused?”, “How will the
solution be implemented?”, “What kind of app/solution will
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be developed?”, “What misinformation aspects is the
solution tackling?” Through qualitatively analyzing the
solutions, we developed the themes presented in this paper.

Steps 1-5 were carried out by the lead author and verified
by a senior research team member. After finishing the
evaluation, we could unify the assumptions, risks, and
metrics. Looking at similar occurrences with different
wording, we were able to craft common assumptions. For
example, we first separated all the Risks, and Metrics per
presentation. Then, we started comparing them to each other,
which then helped us quantify the results. For example, the
most common metrics for success of the solution is
Engagement rate, mentioned in 12 out of 18 solutions.

After finishing the evaluation and analysis of the results,
we addressed the research questions. For RQ1, we have the
exact number for each type of solution. For descriptions of
the solutions, we specified the most realistic and clear
solution in each type and the ones on the opposite side of that
scale. For RQ2, we enlisted and described all the themes
(whose development we explained above) and elaborated the
main taxonomies that they belong to. We also mentioned
their share of occurrence in the solutions. For RQ3, we
grouped the central assumptions that the solutions relied on
(as indicated by the students). For RQ4, we grouped the
central risks that the solutions involved (as indicated by the
students). For RQS5, referencing the previous step,
evaluation, we were able to assess realism. Based on that and
the decision-making behind the evaluations, we outlined the
most and least realistic solutions. For RQ6, we identified and
grouped the metrics that the students proposed.

IV. RESULTS

A. RQI: How many teams designed algorithm-focused and
how many human-focused solutions?

Inspecting the results, we observe that seven teams
(38.9%) designed Algorithm-Focused Solutions (AFS), five
(27.8%) Human-Focused Solutions (HFS), and six (33.3%)
of them designed a Combined-Focus Solution (CFS) that
contained both algorithm and human-focused approaches to
solving the misinformation problem. Solutions in algorithm-
focused approaches were the following (quotes indicate
direct quotation from the student team’s presentation):

AFS01: “The platform evaluates the news post’s veracity
before it can be published. The [...] algorithms will check
from all over the Internet the accuracy of the news that they
want to publish. If the Al cannot find a solution fast enough,
people moderators will then look it up and decide.”

AFS02: An application that integrates with social media,
that has “better algorithms & filters that are ranking fake
news visibility down and/or leading the reader via link to a
confirmed site that has the right information.”

AFS03: An application that integrates with social media
consists of an “algorithm that scores the publications and
identifies  topics, phenomena, words, punctuation,
vocabulary, abbreviations, and the presence of references. If
the score is below the credibility limit, the publication will
be investigated further.”

AFS04: An application that integrates with Instagram,
has an “algorithm using ML to detect the misinformation
posts, stop the spread of them, and eliminate fake news
content from Instagram. Methods used are an Al-based
algorithm that detects the fastest spreading/biggest fake news
on the platform based on e.g., the shares, (negative)
comments, and reports by users on a certain post.”

AFS05: A standalone social media platform that has an
“algorithm that uses website crawlers. It crawls through
different website sources. It recognizes keywords and this
way connects related articles. It is designed to be connected
to each user’s posts and shows related articles according to
what the user has posted. This way, other users can compare
different sources to find the most reliable information and
make decisions based on them.”

AFS06: A standalone news platform “to help ensure that
you are always using credible sources for research. The
platform consists of peer-reviewed, reliable, and trustworthy
articles that have been fact-checked.”

AFS07: An application that integrates with social media
to remove Al-generated misinformation.

In turn, solutions in human-focused approaches were:

HFSO01: An integration that consists of an extensive user
verification process (social security number and verifying the
account with a video holding the ID) to eliminate fake
accounts. The users would be encouraged to report
suspicious activity, so the moderators could check and act.

HFS02: A standalone platform based on combatting
misinformation with a user rating system, including
informing users about the news considered misinformation,
so that they would react by providing the real information.

HFS03: An educational platform that teaches users how
to recognize misinformation. The platform would give
different examples from different platforms on the Internet.
This is not a news-sharing platform or integration with social
media platforms, this is a training platform.

HFS04: A platform called Truth Seekers. Gamification
of fact-checking. Users are presented with stories and articles
that circulate on social media platforms. Users earn points by
reporting stories with suspected misinformation with the help
of an Al-powered fact-checking tool.

HFS05: An educational platform that allows users to
practice and develop media literacy skills by answering
problems that volunteering “creators” upload. The idea is to
offer users the possibility to learn and educate themselves
and simultaneously attract creators to the platform by
offering a small profit every time they create hard enough
questions that other users rate as helpful.

Finally, two solutions were mixed-focused approaches:

CFS01: A standalone Al-based fact-checking platform
would enable users to upload content for verification against
trusted sources. It would connect users with educational and
research institutions to counter misinformation.

CFS02: A Social Media Integration tool with a Trust
Factor, assigned to each account and posted on a scale of 1 to
100. The Trust Factor is based on user ratings and other
factors, like its use in online games. This solution is highly
realistic and effective.
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B.  RQ2: What themes can be observed?

While building themes, we focused on commonalities
between solutions and their differentiating factors. The
themes that we outlined are shown in Table 1.

TABLE L FAKE NEWS SOLUTION THEMES
Description Subthemes
Themes about the basic »  User Verification (27%)
functionality of the »  User Rating System
solution (applicable to and/or Reporting System
61% - 11 solutions) (44%)
»  User Education (27%)
Themes about the type of »  SM Integration (39%)

Non-Specified SM

Integration 28%

- Specific SM
Integration (Meta,
Instagram) 11%

»  Standalone Platforms
(61%)
- Non-Specified
Standalone Platform
(22%)

- Standalone SM
Platform (22%)

- Standalone
Educational
Platform (11%)

- Standalone News

Platform (6%)

the solution (applicable to -
all 18 solutions)

accounts, and bots, or catching clickbait content. The last and
optional (additional) taxonomy group, closer to a simple tag
or category, contains non-essential features, that are unique
to the solution. Additional features/functionalities of the
solution. These themes can be used as descriptors for the
solutions. Online Games and Collaboration with Law
Enforcement. Both solutions were rated 5 for realism and
clarity.

C. RQ3: What are the central assumptions?

The assumptions, limitations/risks were presented
together in students’ solutions (see Table 2) because the
assumption that something will work directly implies the risk
to the solution. For example, assuming that the solution will
have enough users (and then a growing base of users) is what
is needed for the solution to work implies that not having
enough users is a risk to the solution working.

TABLE II. THE MOST COMMON ASSUMPTIONS
Assumption Occurrences %

Al and algorithms working well - 7 39%
technological sophistication

User participation & engagement 4 22%

Having enough trustworthy sources 4 22%

for the algorithm to use

Good UI & UX 3 17%

Users willing to learn 3 17%

Having access to external platforms 2 11%

Transparency and credibility 2 11%

A multidimensional view
of misinformation (72% -
13 solutions)

»  Single-dimensional view
of misinformation (28% -
5 solutions)

Themes about how the >
misinformation is viewed

Themes about additional »  Online Game (S16)
features/functionalities of »  Collaboration with Law
the solution Enforcement (S15)

Having assumptions, risks, and metrics as the RQs
prevented a possibility of a large pool of themes.

We will start elaborating on a taxonomy group that
applies to all 18 solutions - The type of the Solution. This
thematic categorization has two major themes in it: Social
Media Integration and Standalone Platforms. Of these
solutions, 61% were categorized as Standalone Platforms,
while 39% were Social Media Integration applications.
These are implemented leveraging existing platforms’
infrastructure. This approach is less challenging in terms of
business development. Standalone platforms offer more
freedom but require a multi-dimensional approach, making
them more difficult to build. Despite the complexity, most
student solutions (approximately 2/3) fell into the standalone
platform category. The other taxonomy group - The basic
functionality of a Solution applies to 61% of the solutions
(11 out of 18). This one focuses on how the solution works,
and what the basic prerequisites are whether the solutions
tackle multiple dimensions of misinformation, or whether
they specialize and focus only on conspiracy theories, fake

To elaborate further on the major assumption, we start
with Al and algorithms working well. All algorithm-focused
solutions have this assumption. This assumes, firstly, that the
Al and the algorithm will do what they are built to do: detect
various forms of misinformation. Secondly, a proper
infrastructure is in place for the solution to be operational
and efficient. As the idea of algorithms is to be able to
connect to different sources of information, it is of utmost
importance that the sources have a high score of
trustworthiness and reliability. Three out of four solutions
that highlighted these assumptions are standalone platforms.
In turn, having enough users, participation, and engagement
will ensure that the standalone application stays ‘alive’.

Good User Interface (Ul) & User Experience (UX) focus
on standalone platforms, where users being able to find their
way around the information-sharing or fact-checking
platform is of great importance. Even though one would
think that user willingness to learn would be tied to the
Standalone Education Platform, this is not the case. Both
occurrences are assumptions where the solution is not an
education platform, but depends on users to rate, and/or
follow true/real information. For that to happen, users need
to be willing to find out the truth, even when it is not
convenient. Also, for some solutions to work (as integrations
with other Social Media (SM) platforms), they need to be
compatible for integration (both technologically and
business-wise). To build trust with users, transparency and
credibility are necessary for the solution/integration to have
enough users in the first place. We can identify relations
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between the assumptions. Here are some unique assumptions
tied to the most realistic and clear solutions:

Currently, it is difficult to detect misinformation or
verify; therefore, solution S09, which is an algorithm-focused
solution, also assumes that algorithms and Al are more
objective than humans regarding this issue.

By defining a niche focus, S10 provides more certainty in
combatting misinformation. The goal is to use rapidly
scaling news in terms of engagement and check whether it is
fake news or not. The assumption here is that negative news
gets more comments and engagement, and that there is more
misinformation among negative news.

S19 has a basic assumption that one team (developers of
the solution) will do better than the developers of solutions
that spread fake content and misinformation.

D. RQ4: What are the central risks?
The common risks are presented in Table 3.

TABLE II1. SELF-IDENTIFIED RISKS IN FAKE NEWS SOLUTIONS
Risk Occurrences %
Having enough users to participate 6 33%
Technology is a risk factor on its own 4 22%
The ability of the algorithm to be able to 3 17%
predict topics that are constantly
changing
The ability of the algorithm to determine 3 17%
the tone of the text
Bias 3 17%
Ul & UX 2 11%
Technology compatibility 2 11%
People are not following the links to the 2 11%
sources to find reliable information
People not believing the information no 2 11%
matter how trustworthy
Many people have multiple accounts 2 11%
Profitability 2 11%

Not having enough users is the most common risk to both
standalone and integration solutions (in terms of people
using the features of flagging the information).

Another major concern is technology on its own and Al
development must be constant and consistent. The worry that
technology can generate significantly more misinformation
than users in any time frame is overwhelming. That is why it
is a positive sign that one of the solutions is strictly directed
at combating the misinformation generated by Al (S19).

The risks to implementing are Al-generated content and
users already being on the platforms, therefore flagging the
new ones would not delete the old bot accounts and old
content that has been circulating, and the resources for the
race against Al fake news generation may be scarce. For the
algorithm-focused solutions, which are integrations with
other platforms, this is not a concern, but rather the technical
abilities of the algorithm to properly detect misinformation,
adjust to the changing landscape, and develop ML capacity.

Another concern is bias. In human-based solutions, it is
the bias of either moderators or users themselves. For
algorithm-based solutions, it is the bias of the users whose
content is used to train ML models, and the individuals

building the ML capability. However, bias is not perceived
as a large risk factor, as only three solutions outlined it as a
risk factor.

In addition to the five most common risks, it is vital not
to overlook whether the solutions are compatible and can be
integrated with other platforms, considering that people tend
to have multiple accounts. Winning over trust is difficult, as
well as sparking curiosity which is important for fact-
checking. Also, the solution, whether integration or
standalone, must be commercially viable.

E.  RQS5: How realistic are the student solutions?

Overall, the students’ solutions were deemed more
realistic than not. The decisions on whether a solution is
realistic or not and to what extent was made taking into
consideration the assumptions, risks, metrics, manpower
needed, technological sophistication needed, number and
scale of stakeholders involved, and the level of input from
the users of the solution. In the more realistic aspects of the
solutions, we identified the following:

4 realistic solutions (S09, S10, S17, and S19) proposed
integrations with existing social media platforms. These
solutions involved the development of algorithms to detect
potential misinformation, the introduction of a “trust factor”
for information sources, and the mitigation of Al-generated
misinformation. These solutions were considered highly
realistic due to their technological focus, as they specifically
addressed the misinformation problem within platforms that
were already engaged in combating misinformation.

3 realistic solutions (SO1, S11, and S13) involved
creating their own platforms: news, educational, and fact-
checking. These solutions utilized Al and ML models, along
with human input for reliability. Manual fact-checking was
necessary due to language nuances and human social nature.
Building an educational platform for spotting misinformation
was considered realistic.

Most of these solutions have a theme of a
Multidimensional view of misinformation (6 out of 7),
meaning they focus on multiple aspects of misinformation
(fake news, sensationalism, propaganda, click-bait,
conspiracy theories, etc.). One solution has a user rating
system (as users are sources of information), introducing a
‘trust factor’, which will be based on an algorithm.

In the unrealistic solutions, two findings emerged:

Two solutions had a score of 2. One solution proposed
an extensive user verification process using multiple
personal documents, including a social security number,
which was deemed unrealistic (S02).

The other had an unrealistic expectation of
integrating social media apps and their features (S14).
Too many features, too many requests from users, and too
many stakeholders were seen as unrealistic.

Of all unrealistic and less realistic solutions (scales 2, 3,
4), 30% were human-based solutions, 30% were technology-
based, and 40% were mixed-based.

F.  RQG6: What metrics do students propose?

Table 4 presents the most common measures, followed
by a discussion on both quantitative and qualitative metrics.

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-163-3

67



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

The most common metric is engagement rate, regardless of
whether the solution is a standalone platform or an
integration with existing ones. Engagement rate has various
meanings. For some solutions it is the number of likes and
shares, or if a solution is commenting on the information and
providing real information, in that case, comments on their
own are a metric. This metric is quantitative, and the metrics
such as the number of reported misinformation instances
(fake news, clickbait, misleading, etc.), and the number of
users or verified users are the most common quantitative
metrics found in students’ solutions.

TABLEIV. FAKE NEWS SOLUTION METRICS
Metric N %
Engagement rate 12 67%
Feedback from users 11 61%
Number of reported misinformation 6 33%
instances
The ability of users to identify 3 17%
misinformation
Number of users 3 17%
Reliability and accuracy of the 3 17%
information shared
User satisfaction 3 17%
Independent analysis and verification 3 17%
Number of new verified accounts 2 11%
Reliability score of users 2 11%
3rd party reviews 2 11%
User behavior tracking 2 11%
Manual reviews of sample content 2 11%
Click through rate 2 11%
Bounce rate 2 11%
Conduct experiments to test the 2 11%
effectiveness

Other Quantitative Metrics that were present in the
realistic solutions, with the least number of unknowns, are:

Several texts downloaded from the platform: the solution
involves a standalone platform where a user can upload a
piece of text and get it checked through different reliable
sources (scientific journals, papers, etc.) and obtain a
reference that they can download.

Decrease in engagement: people react to fake news more
than to actual news, which means that, if the algorithm does
the job well, the platforms will have less misinformation,
and, therefore, less engagement.

An appropriate user engagement metric, which was not
observed in other solutions, is Time spent on the platform.
Building on the above metric (even though these two metrics
were not presented in the same students’ solution) is deeply
connected to this one. As engagement drops, an assumption
would be that people spend less time, but a direct indicator
that the algorithms work, and that people are not prone to get
into any arguments over misinformation is the opposite
curve on the graph for time spent on the platform.

Relevance, authority, and accuracy as metrics of the
sources of information. This one is part of the solution which
is a separate standalone news platform. Having these scores
assigned to different sources would help the assessment of

whether a news article from a particular source about a topic
should be posted on this standalone news platform.

Moving onto Qualitative Metrics, from our list, 61% of
solutions had Feedback from users as a necessary metric.
The feedback from users would consist of any form of
feedback provision through forms or surveys. There are also
metrics for third-party reviews & independent analysis and
verification including feedback from outsider bodies and
organizations on the platform, algorithm, and the system
implemented. Next, we have user satisfaction with the
platform, feature (integration), and outcome. The outcome,
in this sense, means the circulation of news and decreased
proportion of misleading information.

The ability of users to identify fake news, as a metric,
needs to track users’ success in identifying different types of
indicators that help determine if the news is fake.

Consumer education as a metric stems from solutions
that have a training/education aspect to the platform or a
feature. Users can learn on the spot through current news and
examples of current news categorized as fake.

To summarize, the metrics are engagement rate, feedback
from users, number of reported misinformation instances, the
ability of users to identify misinformation, number of users,
reliability and accuracy of the information, user satisfaction,
and independent analysis and verification.

V. DISCUSSION AND CONCLUSION

This paper has examined user-led solutions to the
problem of fake news. Our findings highlight a reliance on
Al effectiveness and underscore the need for technological
sophistication. These insights contribute to the ongoing
discourse on combating fake news and suggest future
research should integrate human factors in developing
technological interventions.

A. Theoretical Implications

The findings involve several theoretical implications.
First, identifying algorithm-focused, human-focused, and
combined-focus solutions provides theoretical implications
for combating fake news [19]. This underscores the
importance of a balanced approach that combines
technological advancements and human judgment.

Second, categorizing solutions as social media
integration or standalone platforms emphasizes the need to
adapt interventions to different technological contexts when
addressing fake news [20]. This allows customization based
on the specific misinformation problem and target audience.

Third, the assumption that Al and algorithms effectively
combat fake news highlights technological sophistication.
Because limited user engagement challenges the importance
of user adoption and participation in successful interventions,
this implies the need for user-friendly and accessible
technological solutions. The prevalent use of engagement
rate as an evaluation metric for both standalone platforms
and Social Media Integration implies that interventions
should prioritize metrics capturing user participation.

Fake news researchers should start approaching the
problem more holistically, engaging in cross-disciplinary
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research collaboration. The goal is for users to be more
information literate and critical, which requires not only a
technical environment, but users also need to be incentivized
about the need to be information literate.

B. Limitations and Future Research

The limitations include the lack of actual verbal
presentations from the students, which may contain
additional information. This could impact the ratings of
realism and clarity. Another limitation is the absence of user
opinions and concerns from different platforms regarding
misinformation. It would be interesting to know how a fact-
checking feature or platform would work and whether the
users would use it in the first place. How will it be connected
to the organizations and institutions that do research or other
trusted sources and which ML models and algorithms will be
used? Also, we would love to see the results of a test on
spotting the misinformation with users and their reasoning
about what and why something is some type of
misinformation. That way, we can make a bridge between
the current level of ability of users to spot misinformation,
and what is needed to improve that. Human factors in fake
news detection merit much more research.
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Abstract— Existing meal preparation solutions are inadequate
for many elderly people who struggle to reheat their delivered
meals. It is common for meals to be over- or under-heated,
which can ruin the meal itself as well as the eating experience.
In some cases, this leads to malnutrition and serious illness,
and in other cases, caregivers are required to assist with food
preparation on a daily basis, time that could be better spent
with the client and a major financial burden to society. In
addition, stakeholders, such as caregivers, have limited means
of obtaining feedback from older people about potential
problems with meal preparation, which prevents critical and
efficient support. The Active and Assisted Living Joint Project
(AAL JP) PREPARIO aims to develop a solution that enables
seniors to prepare their meals safely and independently at
home, with external digital monitoring to enable efficient care.
The solution consists of an innovative microwave oven with
wireless temperature control that enables fully automated
heating of delivered meals to the optimal serving temperature.
The entire heating process is supported by a digital voice
assistance platform - "Emma" - and a Smart Living Data
Space that collects all data relevant to the food preparation
process and provides structured reports for caregivers and
service providers for closer monitoring and support.

Keywords: Smart Home; Food Preparation; User centered
Service Design.

I INTRODUCTION

The AAL project PREPARIO [1] aims to develop a
connected and automated food preparation platform that
integrates a microwave oven, a temperature probe, and a
voice assistant, and connects these devices to a smart home

environment that collects and visualizes data on usage,
errors, and questionnaire results.

Despite the widespread adoption of the microwave oven
since its invention over 70 years ago, its capabilities have
remained largely unchanged and far from innovative
compared to other household appliances. Most functions rely
heavily on manual process control and prior user
knowledge/experience due to the lack of temperature sensing
capabilities. Now, more sophisticated solutions are
emerging, with features that make meal preparation easier,
such as the ability to scan package barcodes (GE Appliances'
Scan-To-Cook  technology [2]), use voice-activated
commands (Whirlpool's Smart Over-the-Range Microwave
[3]), and built-in sensors (Breville's Breville Quick Touch
with Sensor iQ™ [4]) to tell you how to cook meals and
when they are done. However, although these are interesting
and innovative products, they are not suitable or tailored to
the senior population. They often require a high level of
technological knowledge and special connections to other
devices that are simply not attractive or user-friendly for
older adults. They are also considered premium devices and
are often priced well above the average market price, making
them unaffordable for most people. Importantly, they use
non-ideal sensors (e.g., humidity or infrared sensors) to
estimate when the meal is "ready" and require extensive user
input, such as the type of food to be heated and the weight of
the food. Such solutions are state of the art, but due to the
lack of reliable temperature sensing, the heating result can
vary widely and may not directly correspond to a "ready to
eat" meal, as it may be too hot and far from the appropriate
serving temperature. Therefore, in our opinion, even the
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emerging more sophisticated microwaves are not suitable for
integration into current food delivery services and cannot
offer an improvement to existing systems for older adults.

The PREPARIO system is designed to allow independent
end-users to heat their pre-prepared and home-delivered
meals to an appropriate and safe temperature for
consumption in a fully automated manner. The interface of
the microwave oven has been modified to be as easy to use
as possible, i.e. only one button for "start", thus reducing the
barriers to use. In addition, the heating process uses a
developed and validated algorithm aimed at ensuring that the
food is at the right temperature throughout (and not just on
the surface or in the core). Users can continue with their
activities and are notified by a voice interaction device when
their meal is ready. A survey linked to the system can be
answered via an easy-to-use interface on a tablet. The results
are stored in a central database along with the data sent by
the microwave. This provides a dashboard view of the
microwave's usage and the user's well-being. For example,
caregivers or family members can monitor whether hot
meals have been prepared as expected.

The project was initiated by Senserna A/S - the company
that invented the world's first temperature probe for
microwave ovens - to further improve the idea and evaluate
the prototype with partners from the technology, science and
care sectors.

At a very early stage, a number of activities were carried
out to gather requirements for the concept. The first action
was a stakeholder questionnaire addressed to 81 social
institutions with the aim of deepening the knowledge of the
targeted primary end-users, their needs and expectations.
This was followed by a user-centered design process for the
applications to be implemented. Three co-creation
workshops provided feedback on the prototype, its possible
barriers, limitations and opportunities. The desire was
expressed to further promote integration with solutions
available on the market and to expand the user group to
include people with cognitive or physiological disabilities.

The solution is being tested in a testbed environment with
caregivers and elderly people in care centers in two trial
phases. One trial has been completed and the other is
ongoing. It turns out that most people are able to use the
microwave to heat their meals and are almost always
satisfied with the temperature of the food. The data from the
questionnaires and the system parameters provide important
technical information about the state and use of the solution.
These results and the general feedback help to further
improve the idea and its implementation.

This paper gives an insight into the methods used and the
results obtained from the involved end-users and
stakeholders, with an outlook on how the final product could
become an integral part of care and independent living. The
rest of the paper is structured as follows. Section 2 describes
the methods used to develop the solution, which is evaluated
in the project with trial runs, co-creation workshops and
stakeholder questionnaires, as outlined in Section 3. The
paper ends with a conclusion and outlook in Section 4.

Il.  METHODS

The project uses a user-centered approach to identify
barriers, usability issues, and related problems (such as time
efficiency for social workers) in order to develop a solution
that addresses these shortcomings in the process of heating
home-delivered meals. From there, user involvement will
continue throughout all phases of the project to ensure
optimal acceptance. The resulting prototypes will be
presented to and tested by the target user groups and all
feedback will be considered in the following phases. The
general steps for this process are listed below:

1. Interviews with end users and subject-matter experts in
person and through written surveys.

2. Hands-on experience: Heating a meal, eating and
tasting the meal, evaluating the experience.

3. Identify and list problems.

4. Brainstorm technical solutions.

5. Define technical solutions to develop and test.

6. Define tests to evaluate solutions.

7. Evaluate and share results.

A.  What problem our solution is trying to solve

Preparing food is one of the most important Instrumental
Activities of Daily Living (IADLs) and helps people
maintain a sense of self-worth and self-efficacy [5][6]. When
cooking and obtaining the materials for this task becomes
more difficult due to circumstances and changes in mobility,
delivered meals are often a solution.

The microwave oven is a popular choice for heating pre-
prepared meals. One of the major advantages is that a meal
can be heated directly in the meal packaging, reducing the
need for cleaning. Another advantage is the heating speed of
only 4-6 minutes for a cold meal from the refrigerator that
would normally take 25-30 minutes to heat in a conventional
oven.

However, the microwave oven also has some drawbacks:

1. Complicated user interface - A microwave oven can
have many different functions and automatic heating
programs. Some interfaces have more than 20 buttons and
only a simple 7-segment Light Emitting Diode (LED)
display. Users are often unaware of the wealth of features
and/or do not use them [7].

2. Lack of temperature control - The microwave oven can
be viewed as a black box where the temperature cannot be
measured and controlled during meal preparation. Therefore,
the heating result is based on a trial and error approach,
where the user guesses the heating time for a certain power
setting, often resulting in suboptimal heating results.

3. Uneven heating - The heating efficiency of micro-
waves vary with the size, consistency and type of food that is
heated. This, combined with the microwave's hot and cold
spots, can result in large temperature differences in the
heated food. In other words, a meal that appears searing hot
on the outside may be cold or even frozen in the center.

4. Zero Connectivity - Home appliances have benefited
from the tremendous technological developments of the past
few decades. However, the vast majority of microwave
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manufacturers have not embraced new technology and do
not offer any form of connectivity. This is a current area of
research and several studies are looking at making the
kitchen smarter for older adults [8].

Figure 1. The adapted microwave and a meal with the prob inserted
(Solution 1).

Figure 2. The innovative tray with built in sensors (Solution 2).

B. Description of the system and its functions

Senserna A/S has developed a revolutionary temperature
sensor technology for microwave ovens that has the potential
to mitigate the above mentioned disadvantages. With this
new possibility in mind, two interesting solutions have been
developed to improve the preparation of home delivered
meals.

Solution 1 is a special microwave oven designed to
automatically heat delivered meals to a pre-defined target
temperature of 75°C using a novel probe-based temperature
sensing and control mechanism. A Bluetooth module is built
into the microwave for wireless transmission of measurable
system parameters related to the heating process. The probe
contains five temperature sensors and sends the average of
the sensors to the microwave and via Bluetooth to devices
beyond. The connected system can then display and respond
to the current temperature. Errors can also be relayed and
dealt with in this way. Figure 1 shows the system as it was
used in the first test phase.

Solution 2 is a probe-less temperature sensing solution
(see Figure 2), consisting of a dedicated meal tray with
seamlessly integrated temperature sensors. This would be the
most user friendly solution imaginable. The only thing a user
would have to do to heat a meal is to take a meal from the
refrigerator and place it in a special tray before placing it in
the microwave. From there, the microwave would sense the
meal and automatically heat it without any further user
interaction.

This smart microwave system allows for connections to
other devices, and for this project, the personal smart voice
assistant “Emma” was used. The voice assistant receives the
status of the meal and the heating process from the
microwave via Bluetooth, and can, for example, issue a
reminder when the food is ready to be picked up. This
extends the scope of the “Emma” product, which functions
as a connected voice assistant for the smart home,
performing various tasks such as setting scenes, starting
music, reminding people to take their medication and so on.
“Emma” connects to the user’s wireless network and
transmits all information from the microwave to an
intelligent digital database, which then allows remote access
and visualization of the collected data. Unfortunately, this
product has been discontinued while the project was ongoing
(April 2024).

Ill.  TRIALS, CO-CREATION AND FINDINGS

The goal of the first trial was to have 30 primary end
users and 5 secondary end users (caregivers) test the solution
with the connected microwave and temperature probe and
provide feedback via a questionnaire and written
observations of user behavior. The information collected
during the trial was completely anonymous, and there was no
way to link the responses and observations to a specific end-
user.

The procedure of trial 1 was as follows:

1. Welcome the end-user and move to the trial location.

2. Introduce the user to the trial.

3. Introduce the user to the assessment app.

4. Begin the trial by answering questions via the
assessment app.

5. Let the user select a meal.

6. Introduce the user to the microwave oven with

automatic heating functionality.

7. Let the user warm a meal using microwave oven.

8. Let the user taste/eat the meal.

9. End the trial by answering more questions via the
assessment app.

10. End of trial.

The trial was performed with one end-user at a time and a
trial instructor present through the entire trial for support and
taking notes.

The second trial will take place in July 2024 and will
follow the same procedure as described above and have the
same test users (if available). The trial will test the improved
system with the connected audio system together with the
tablet for the pre- and post-meal questionnaires.
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A. Co-Creation Workshops

At the beginning of the project, two different
questionnaires were carried out by the Municipality of Vila
Nova de Cerveira to answer the questions posed by the
project team: an online questionnaire addressed to 76 social
institutions in the district of Viana do Castelo with the aim of
deepening the methods used to deliver meals at home.

The second questionnaire, addressed to social institutions
in the municipality of Vila Nova de Cerveira, aimed to
deepen the knowledge about the end users, namely the
characterization of the users (how many, age, average
pension, mental and physical illnesses, situation of social and
geographical isolation) and their needs and expectations.

As the project progressed, stakeholders and
representatives of the target groups were invited to
workshops to learn more about the current situation of
elderly care and food delivery.

An online workshop was offered to Austrian stakeholders
and two face-to-face workshops were held in Portugal. In
addition, an international workshop with representatives
from all participating countries will take place at the end of
April 2024.

1) Online Workshop Austria

In Austria, a stakeholder workshop was held as an online
videoconference with a total of 9 participants. Four of them
were not involved in the project and represented the
stakeholders. Two of them work in the management of a care
organization, one in the management of a medical aid
organization in the field of home care for the elderly, and one
person comes from academia in the field of care research.
The participating stakeholders are in close contact with the
target primary user group. They know their needs, their
living conditions and their daily structures.

The workshop started with an introduction of the
participants followed by a presentation of the project. A
video of the prototype solution was used to demonstrate how
it works in a real-life scenario. The video was recorded by
the partner in Portugal and showed one of their clients using
the microwave to heat a meal. Another video demonstrated
the use and capabilities of the EMMA smart home system.
The presentation was followed by a moderated discussion
with questions on (i) usage and benefits, (ii) functionality,
and (iii) markets, business opportunities and revenue
streams.

Statements about usage and usefulness:

o New microwaves are often no more user-friendly
than old ones because they have so many buttons it
becomes too complicated for people to use.

e The system should be a complete service, possibly
with instructions to prepare a complete meal from
the ingredients.

e Not sure how useful the data about the smart home
system is. The dashboard data shows only a small
excerpt from a whole day of a person. Other data
will be completely missing, e.g., when a person eats
somewhere else.

Statements about functionality:

e Integration with existing smart home solutions, e.g.,
Amazon Alexa is desired as some households
already have those systems in use.

e Clients living in a care organization have a fixed
daily routine; a system that reminds them would be
helpful, for example when to start preparing meals.

e One care organization already uses a similar
product for easy cooking (Thermomix®). It works
well for their clients in assisted living. It gives
people independence and self-efficacy. In addition,
virtual voice assistants (e.g., Amazon Alexa) are in
use and it works well for cognitive impaired people.

e A smart home system should speak in the voice of a
familiar person; this would make things much
easier.

Statements about markets, business opportunities and
revenue streams:

e Itisaniche product, but demand is possible.

e For many people a product like this is not top
priority, they have other more fundamental
problems to solve every day, e.g., mobility (wheel
chair, stair lift, etc.). It can be seen as a luxury item.

e Possible new target groups: cognitive impaired or
disabled persons.

Possible business models: rent or buy.
Target groups for selling this service could be:

o Private customers who buy the microwave
oven or the service.

o Care organization who buy the microwave
oven or the service and then rent it to their
clients.

o A subscription from a food delivery
service, with the microwave oven included
for free (or for a reduced price).

More co-creation workshops were held as face-to-face
meetings by the two partners in Portugal. 17 people attended
the workshop in Vila Nova de Cerveira (November 23rd,
2023) and 17 people attended the workshop in Lisbon
(November 16th, 2023) - a total of 34 people took part in the
discussions. Each workshop was attended by three people
linked to the project who facilitated the session.

2) Workshop at Vila Nova de Cerveira (Portugal)

In view of the territorial context and the system of
providing meals to the elderly through the Home Care
Service in the Alto Minho region and in Lisbon,
representative bodies of the most diverse sectors directly or
indirectly involved in this service, on the one hand, and
companies and organizations from the most diverse sectors
of society, on the other hand, were invited to these
workshops.

Thus, political representatives from local authorities,
public social services, public health services, social
institutions and private companies providing care for the
elderly, companies in the food sector and new technologies
for the elderly, and a company in the plastics processing
sector were invited to participate in this workshop.
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Specifically, the workshop in Cerveira was attended by a
diverse group, including three participants as political
representatives of local authorities, one from a public social
service, two from public health services, two from social
institutions, four people from private companies providing
care for the elderly, one person from a company in the food
sector, two from companies developing new technologies for
the elderly, and one person from a company in the plastics
processing sector.

At the beginning, the participants received an explanation
of the workshop and the topics to be covered. The
PREPARIO project was presented with its service model and
technical components. A microwave prototype with a sensor
probe was used to demonstrate the heating process.

During the workshop the following topics were discussed
and the answers of the participants were recorded:

e In response to the home meal distribution service
currently provided, please identify: 1 POSITIVE
factor & 1 NEGATIVE factor.

e From the PREPARIO solution presented - Identify
the most relevant function.

e From the PREPARIO solution presented: - Identify
the biggest problem.

e General opinion on PREPARIO solution that we
present to you.

e How much would you pay for the PREPARIO
solution.

e How do you imagine the PREPARIO solution will
be able to reach customers (from home delivery of
meals to heating).

In conclusion, the provision of basic meals is a very
important factor in giving people equal access to fresh,
healthy and balanced meals and in facilitating their daily
lives. The problems identified were congruent with those
identified at the outset of the project: lack of control over the
heating process, difficulties in handling food containers and
uneven temperatures, and lack of feedback.

What the PREPARIO project offers was seen as valuable
because it is simpler, with only one button, with acoustic
reminders to take out the food, and with the possibility of
giving feedback directly by voice or through a large touch
interface. Issues identified were: reluctance to use a new
device, the training that might be required, the cost of the
system, the possibility of losing the probe as it is not
connected to the microwave, and the hygiene of the probe.
Stakeholder input also led to the conclusion that delivering
cold meals would simplify the logistics of meal delivery and
would require fewer delivery trips throughout the week
compared to delivering hot meals.

3) Workshop in Lisbon (Portugal)

This workshop was also attended by 17 people invited to
discuss aspects of the daily life and food preparation of
adults aged 65+. The participants came from a variety of
relevant backgrounds, namely: different departments of
Santa Casa da Misericordia de Lisboa, including the
Department of Health, the Department of Studies and
Strategic Planning, the Department of Intervention with

Vulnerable Public, the Department of Technical
Management and Monitoring, the Mission Unit - Lisbon,
City of AIll Ages Program and the Department of
Entrepreneurship and Social Economy. Also present were
private institutions of social solidarity, representatives of the
local council and of a food service company.

After the presentation of the project and its partners, the
participants were invited to ask questions, to ask for
clarifications and, last but not least, to give their feedback.
This was divided into sections:

Current response to home-delivered meals for
heating: participants were asked to identify one positive and
one negative factor in the current system/service, followed
by a debate among all participants on the current response to
home-delivered meals.

PREPARIO solution: Everyone was asked to identify
the most relevant function and the biggest problem in the
PREPARIO solution, followed by a debate among all
participants about the equipment under development.

Business Plan for the PREPARIO solution: Each of
the participants was asked to identify how much they would
pay for the PREPARIO solution, in an assigned value logic,
followed by a debate among all the participants on what
possible business model would make the equipment
available to users/clients

Overall, the current situation was described with the
positive points of guaranteed meals of good quality and
dietary value, the facilitation of autonomous food intake;
negative points were the failure points with autonomous
heating leading to over or undercooked meals, the limited
variety and environmental issues with packaging, among
others.

The PREPARIO solution was seen as simple and fail-
safe, with the additional data for monitoring as an advantage
in care contexts, but the cost of the adapted microwave, the
possibility of misplacing the probe and the uncertain
acceptance of new technology were seen as risks. It was also
mentioned that the target group is quite specific in that the
person using it must be physiologically able to do so, it is not
an enhanced asset for blind, bedridden or cognitively
impaired people.

The question about pricing and business models was
answered that prices would have to be kept quite low, and in
the best case the microwave would be offered by a care
organization, a municipality or the food supplier, and the
costs would be covered by the general fees for services.

B. Findings

The overall findings from the co-creation efforts and the
feedback from the observed heating processes and the
tailored questionnaires were that the technology has great
potential and that the heating process was, in most cases,
very satisfying. The combination of questions about the
quality of the food and the experience of heating it was
helpful and not intrusive. The concerns raised, particularly
about losing the probe and its hygiene, are being addressed
in the second prototype with a specially designed food
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container with built-in temperature sensors. This will be
tested in the second trial in July.

IV. CONCLUSION

The availability of food delivery services is considered
important, especially in the aftermath of the COVID-19
pandemic, when people were even more homebound than
before. However, food safety, food preparation safety and
food quality remain issues in this context [9][10]. The
PREPARIO system offers elderly people living
independently a solution for heating delivered meals in an
easy and safe way. Trials with the target groups showed
promising results and very good acceptance. The additional
functionality of monitoring the use of the system, and thus
the data on suspected food intake, is considered valuable by
caregivers and related parties, as determined during the co-
creation workshops with stakeholders and care organizations,
as well as during the trials with caregivers. Further trials with
the sensorized food tray will provide additional insights and
help improve the system for market readiness. By removing
the burden of assisting with food preparation, caregivers or
informal caregivers such as family members can focus on
other tasks and use their time more efficiently.

We believe the end product could become an integral part
of caregiving and independent living.
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Abstract-Increasingly complex global scenarios require
advanced simulations of human decision-making. Existing
models often neglect the nuanced cognitive processes essential
in dynamic environments, leading to oversimplified analyses.
Leveraging John Boyd's conceptualization of the Observe,
Orient, Decide, Act (OODA) loop, we propose a novel, agent-
based simulation exploring human agency and sensemaking
within evolving competitive landscapes. By endowing agents
with diverse cognitive capabilities across the OODA spectrum,
we dissect the nuanced impacts of heterogeneous information
processing and cognitive strategies on agent fitness and
survival. While Boyd emphasized the strategic advantages of
swiftly navigating the OODA loop or infiltrating an opponent’s
loop, we also explore the effects of diverse information
processing and cognitive abilities on agent fitness. Central to
our initial findings is the critical significance of the Orient and
sensemaking phase, which emerges as a decisive factor in
surpassing the mere possession of information, collection of
data or swift and efficient execution of decisions and actions.
We present several scenarios—ranging in complexity and
resource availability— that underscore the superiority of deep
sensemaking over other cognitive capabilities. Although only
an initial step, we believe such approaches can expand both
OODA loop's theoretical underpinnings and its practical
relevance in enhancing strategic decision-making processes for
human, behavioral, social, and cultural phenomena.

Keywords-Agent-Based Modeling (ABM); OODA Loop;
Complex Adaptive System; Co-Evolution.

l. INTRODUCTION

The concept of the Observe, Orient, Decide, Act
(OODA) loop [2], introduced by Colonel John Boyd in the
military context, has transcended its original domain and
found applications in various fields, including human
decision-making. The theoretical underpinnings of OODA
loops in human decision-making stem from Boyd's original
framework, which emphasizes the iterative and dynamic
nature of decision-making. According to Boyd, individuals
continuously cycle through the phases of observation,
orientation, decision, and action, with each iteration
informing subsequent cycles. This dynamic process enables
individuals to adapt to changing circumstances and
outmaneuver opponents effectively. Our research seeks to
understand how variations in cognitive capabilities within
the OODA loop affect strategic decision-making, and to

explore the implications of these variations for achieving
strategic advantage and survival in  competitive
environments.

Empirical research supports the efficacy of OODA
loops in enhancing human decision making across various
domains. For instance, in a study by Gonzélez et al. [11],
participants engaged in a simulated decision-making task
involving time pressure and uncertainty. The results
revealed that individuals who followed the OODA loop
sequence exhibited faster response times and higher
decision accuracy compared to those who adopted linear
decision-making strategies. Similarly, in a neuroscientific
investigation, Voss et al. [22] used functional Magnetic
Resonance Imaging (fMRI) to examine the neural correlates
of the OODA loop phases during decision-making. They
found distinct patterns of brain activity associated with each
phase, suggesting that the OODA loop framework
corresponds to underlying cognitive processes in the brain.
Furthermore, organizations can leverage OODA loops to
enhance their decision-making processes and gain a
competitive edge. By fostering a culture of rapid feedback
and learning, organizations can adapt more quickly to
market changes and exploit opportunities faster than their
competitors [21].

In this paper, we agentize Boyd’s OODA loop across
each step of the process to simulate human agency and
sensemaking under dynamic, competitive environments. We
do this by varying agents’ cognitive abilities in each step of
the process. For Observe, we allow for different discrete
levels of sensing their environments, ranging from local to
global information. For the Orient step, we create two
interactive vectors of cognitive abilities, one embracing
determinism to stochasticity while the other focuses on the
increasing complexity of mental models, to create a
typology of twelve different mental models to make sense of
competitive environments. For the Decide step, we
instantiate three different levels of increasingly complex
decision trees to capture various levels of agency. For the
Act step, we then allow agents to execute their decision tree
calculus with varying costs and time horizons. We then
setup both single and double loop learning to occur, given
agent OODA loop execution fitness scores. This enables us

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-163-3

76



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

to explore agents’ cognitive abilities both across and within
each step of the OODA process.

The application of OODA loops in real-world decision-
making contexts offers several practical benefits. One such
benefit is improved decision agility, as individuals can
rapidly cycle through the OODA loop to respond effectively
to evolving situations. This capability is particularly
valuable in dynamic and uncertain environments, such as
emergency  response  operations [9].  Furthermore,
organizations can leverage OODA loops to enhance their
decision-making processes and gain a competitive edge. By
fostering a culture of rapid feedback and learning,
organizations can adapt more quickly to market changes and
exploit opportunities faster than their competitors [2].

However, speed of OODA loop execution alone is only
one small element: we focus on varying information and
cognitive capabilities within each step of the loop to explore
their respective implications for learning, competition, and
efficiencies in dynamic environments. Below we outline our
simulation approach, architecture and begin exploring its
capabilities through running several scenarios across
different dynamic resource landscapes as well as Simple,
Moderate and Smart cognitive agents. While we only offer
some initial findings, we believe that empirically calibrating
and extending agentized OODA approaches such as this can
provide significant insights into human agency and
sensemaking in dynamic, competitive environments.

The rest of the paper is structured as follows. In Section
I, we present the related works. In Section 11, we present
the model design. In Section IV, we present the model
results. Finally, we conclude our work in Section V.

Il. RELATED WORKS

A OODA

In 1987, John Boyd originally developed the OODA
loop as a decision-making model that could be applied in
any competitive environment, be it military or business.
This model encompasses four pivotal stages—Observe,
Orient, Decide, Act—through  which individuals
continuously cycle, allowing each cycle to build upon the
insights of the previous ones. This dynamic process enables
individuals with environmental sensemaking and agency to
adapt to changing circumstances and outmaneuver
opponents effectively. Figure 1 outlines Boyd’s steps, with
feedback loops for single “input-output” learning and
double loop learning where outcomes can also foster change
to specific OODA steps’ cognitive abilities given success or
failures.

First, observe the environment to gain new information.
This includes collecting immediate sensory information as
well as more abstract data, such as changes in the
competitive landscape or shifts in social dynamics. The
objective of this step is to create a comprehensive snapshot
of the current situation to inform subsequent decisions and

actions [7]. Observation can be achieved through various
means, including direct sensory perception, the use of
technological tools (e.g., radar, surveillance systems), the
collection of big data, open-source information, intelligence
espionage, etc. [6]. In the military domain, Boyd
emphasized the importance of rapid and accurate
observation capabilities to gain a strategic advantage over
adversaries [17].

Second, combine this new information with previous
experiences, culture, and mental models to “Orient” and get
an understanding of the current situation [4][5]. Orientation
is the most complex and critical part of the OODA loop
because it sets the context for decisions and actions. It
involves filtering and processing the observed information
through a framework of existing knowledge, experiences,
and expectations [13] [15]. This step determines how
individuals and organizations interpret their environment,
assess threats and opportunities, and consider potential
actions. In their study, Klein et al. [16] extended Boyd's
framework by highlighting the role of mental models in the
orientation phase. They proposed that individuals' decision-
making processes are shaped by their mental representations
of the environment, tasks, and goals. These mental models
influence how individuals perceive, interpret, and respond to
information, thereby affecting the effectiveness of their
decisions. Orientation methodologies encompass cognitive
processes, including situational awareness, mental
simulation, schema activation, and decision-making under
uncertainty. These processes are influenced by a myriad of
factors, including training, cultural background, personal
experiences, and the specific nature of the information
received.

Third, review the options to determine the best course
of action. The "Decide" step is a critical phase in John
Boyd's OODA loop framework, acting as the bridge
between understanding the situation (Orient) and taking
action (Act). This step involves making a decision based on
the analysis and synthesis of information collected during
the Observe and Orient phases, under both risk and
uncertainty [14]. The decision-making process is where
strategies, tactics, or plans are formulated before being
implemented in the Act phase. The "Decide" step is where
choices are made about which course of action to take. This
step is crucial for effective execution, as it determines the
direction that actions will take. The quality of the decision-
making process directly influences the outcome of the
OODA loop, making it a pivotal point in the cycle.
Decision-making methodologies in the context of the
OODA loop can include analytical models, intuition-based
approaches, decision theory, game theory, and scenario
planning, among others depending on levels of uncertainty
and risk. The chosen methodology often depends on the
complexity of the situation, the amount of information
available, and the time constraints faced by the decision-
maker.
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Finally, upon deciding, the chosen action is
implemented. In the OODA loop, the "Act" step is where
theory and planning confront reality. It's the execution phase
where strategies and decisions are translated into concrete
actions with the aim to achieve a desired outcome. This step
is critical for the loop to be effective, as it is the point at
which the individual or organization interacts directly with
the environment to effect change. The methodologies for
action can vary widely depending on the context, ranging
from military operations, where it could involve
maneuvering forces or engaging targets, to business
strategies, where it might involve launching a new product
or adjusting marketing tactics. The key is to act in a manner

that is both timely and relevant to the information and
orientation developed in the earlier steps of the OODA loop.

Although referred to as the OODA loop, in reality, it
functions not as a circular process with independent steps
but as a continuous operation [17], across multiple
interconnected and coupled steps to produce outcomes.
Since its introduction, it has become a popular framework
for decision-making, especially under uncertainty [18].
Boyd identified several keys to success, including getting
inside your opponent’s OODA loop or running through your
OODA loop more efficiently [3].
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Figure 1. Boyd’s OODA Loop [10].

B. An Agentized OODA Model

With the massive improvements in computational
power and the popularization of agent-based modeling given
complexity theory, the past several decades have seen many
forays into simulating decision-making within complex
adaptive systems [2][8][12][19]. These models employ a
mix of game theory, rationality, and learning to simulate
decision-making in dynamic complex systems under
uncertainty [23]. Even relatively simple games, such as the
El Farol problem, can yield intriguing results, unveil new
strategies, and dynamic equilibria with slight increases in
complexity [2][20]. Single-Loop and Double-Loop learning
add a crucial dimension to these models, enabling actors to
adapt to changing environments and optimize their fitness
functions [24].

Complex adaptive systems are pervasive throughout the
world, in domains such as business and military, and
inherently operate under significant uncertainty and time
constraints. Heterogeneous agents, by optimizing their
fitness functions, create meso-level competitive social dyna-

mics. These dynamics, in turn, shape macro-outcomes that
influence decisions at all levels, both present and future [1].
Observing these interactions within a dynamic landscape,
alongside agents' single and double-loop learning processes,
offers opportunities to identify emergent, non-linear
behaviors and potentially, resulting novel strategies. It also
highlights the critical impact of varying agent capabilities
across outcomes.

I1l.  MODEL DESIGN

Figure 2 provides an overview of our agentized system.
Individuals possess varying cognitive capability values on
each one of the OODA vectors that influence their overall
decision-making processes. These instantiate into local
competitions on varying environmental landscapes, directly
influencing outcomes and thereby increasing or decreasing
agent wealth. The magnitude of these gains or losses
triggers positive or negative feedback loops, prompting
agents to update their capabilities given learning and
expectations. This adaptation is crucial for their survival in
dynamically evolving landscapes.
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Figure 2. Agentized OODA Loop Architecture.
The Observe phase is a critical conduit for information The Orient phase comprises two components:

gathering, enabling agents to perceive their local
environment, competitors, and landscape. At the most basic
levels, agents can either identify the resources available in
each area or the positions of other agents within the local
environment. Consequently, agents have three critical pieces
of information to consider in the Orient step, encompassing
resources, agent positions, and local landscape that
influences their strategic planning. This provides four
different discrete Observation levels for agents in Figure 3.
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Figure 3. Observation Module Types and Level.

complexity and stochasticity, which together create a matrix
of various mental model levels that determine how agents
perceive their current situation. Agents’ complexity value
determines the equation into which observed values are
input, ranging from a simple mental model of Y: = Y1
where the past experiences will be the same as future, to
complex specifications where Yi = Y1 + X + Xoeg ... +
XP wn to incorporate more complex past history and
exogenous polynomial expressions. The stochasticity value
influences the degree of random noise or interference added
to each equation, reflecting the spectrum of uncertainty or
misperceptions from deterministic (no impact) to entirely
random (total impact). Figure 4 illustrates how various
combinations of complexity and stochasticity influence the
equations underlying the mental models.
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Figure 4. Orient Module Vectors of Randomness and Complexity for Mental Model.

The Decide phase presents agents with decision trees
that vary in complexity from simple, single-level trees to
more complex structures with three levels as shown in
Figure 5. With each additional level, the decision tree
expands, offering a broader set of choices for the agents to
consider. At the simplest level, agents decide whether to
move or not, with an associated move cost. Increasing
cognitive decision capabilities, at the next level agents can
decide to move towards desirable resource locations or
move towards competitors. At the highest cognitive decision
level, agents evaluate complex decisions: whether to stay
put, move away from competition, approach resources, and
whether their movement should be full or partial given costs
and competitors.

MC = Move Cost = Steps * Step-Cost

DECISION
DC = Decide Cost = Level * Level-Cost TREE

LEVEL 1

LEVEL 2 -MC, -DC|

MOVE MOVE
RESOURCES COMPETITION

LEVELS e, -oc, .me, - e,

MOVE MOVE ALL
HALFWAY THE WAY

MOVE ALL MOVE
THE WAY HALFWAY

Figure 5. Decide Module Decision Tree Calculus and Depth.

The Act module enables agents to navigate their
decision tree to identify optimal courses of action that
maximize expected utility. Simpler agents process the
decision tree, evaluating each potential decision's outcomes
and costs before selecting the action that yields the greatest
expected utility. If agents have additional capacity, they can
anticipate the future landscape at time t+1, and act
strategically by integrating foresight into their decision tree

to refine their strategy before executing the course of action.
This strategic foresight allows the agents to identify the
competitive landscape of their destination patch and update
the expected utility of the destination accordingly.
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= ost = 5t Cost DECISION
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—
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COMPETITION
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RESOURCES

mc,-De,

THE WAY
Figure 6. Act Module Decision Tree Calculus.

After progressing through the OODA loop, an agent
executes its action: either moving or capturing resources.
The discrepancy between an agent's expected and actual
outcome dictates the feedback loop, influencing how agents
update their mental models. Minimal or no discrepancies
between agent outcomes and expectations, signify slight
improvements or deteriorations in fitness, and result in the
absence of single-loop learning. Significant discrepancies
between expected and actual outcomes present single-loop
learning opportunities, prompting agents to adjust the Orient
phase to more closely align with reality.

MOVEALL MOVE
THE WAY HALFWAY

MOVE
HALFWAY

For double-loop learning, the rate of change in
outcomes dictates the frequency, strength, and type of
feedback. Small changes in outcomes do not trigger
feedback, whereas significant changes can lead to either
positive or negative feedback learning opportunities.
Positive feedback leads the agent to further enhance the
capacity of the OODA step it last improved, provided it has
not reached its maximum. Negative feedback prompts the
agent to roll back any previous enhancements in capacity.
Through the interplay of single-loop and double-loop
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learning capturing ‘lessons learned’ agents can adeptly
navigate a dynamically evolving landscape, adjusting to
changes in environmental resources and the co-evolution of
competitors to optimize their fitness functions.

IV. RESULTS

A Baseline

Here, we first establish a baseline to gauge typical
performance of agents within our OODA simulation, setting
the standard for comparison. This baseline involves
generating normal distributions for the initial values of each
individual OODA component. To ensure a realistic
environment, we craft a landscape that maintains a balance
between scarcity and abundance of resources.

We employ various scenarios that deviate from this
baseline to examine how agents respond to shifts in agent
capabilities and environmental factors. These scenarios are
critical for evaluating the robustness and adaptability of the
agents' decision-making processes. These scenarios are
assessed using metrics that measure resource management,
survival, and decision-making capability, offering insights
into the effectiveness of cognitive strategies within the
OODA loop. By comparing agent performance across these
varied scenarios with the baseline, we draw nuanced
conclusions about the efficacy of different strategies
embedded in the OODA loop framework.

TABLE 1. BASELINE INITIAL CONDITIONS AND

PARAMETER VALUES
Parameters Description Base value
Population Total number of agents 25
Agent The initial number of 75:25
Resources resources for agents
Environment The initial number of 75:25
Resources resources for environment
Observation Range | How many steps the agents 4:1.25
can see around them
Move Cost The resource cost for 1
agents to move one step.
Regrow Time The number of ticks it 1
takes for the environment
to regrow their resources.
Energy Loss An absolute attrition value 1
in resources for agents
each tick.
Observe Score The Observe Step score of 2.5:0.75
agents
Complexity The Complexity Step score 2:1
Score of agents
Stochasticity Score The Stochasticity Step 1.5:0.75
score of agents
Decide Score The Decide Step score of 2:05
agents
Act Score The Act Step score of 1.5:0.25
Agents

Figure 7 below depicts four separate simulation plots.
The first one is the starting environment given initial
conditions. Agents are yellow circles, with the color
indicating their overall sum of their OODA scores, lighter
colors indicate lower values, while darker hues signify
higher values. The environment is characterized given
resource density, with higher resource values in darker
shades of blue. The second plot is a phase portrait of the
populations’ average summed OODA score by their average
fitness score outcomes. The third times series plot details
Simple, Moderate and Smart agents’ average fitness

outcomes over 1000 iterations. Finally, the last plot shows
the resulting environment and competitive landscape at the
end of the simulation.

OODA Outcomes Phas...

%,

15

. Figure 7. Baseline Environfn_eznt, Time Series and Phase Portrait Plots.

In our baseline scenario, agents quickly reach
equilibrium within the first two hundred iterations, with
Simple agents perishing and Moderate and Smart agents
achieving relatively stable, but oscillatory fitness outcomes.
Moderate agents consistently emerge as the most successful
agent type, having the highest average outcome on fitness
scores. The phase portrait illustrates that agents quickly
identified and adhered to a stable equilibrium, with the
average OODA score hovering around 8, indicating little
double loop learning. This suggests that the agents are
capable but not maximally intelligent and stop learning early.
The time series plot reveals a population bifurcation of
OODA scores: a few extremely smart agents with the highest
scores survive, alongside a larger group of agents with
moderate intelligence. Diving into individual module score
details, interestingly for Observe, Decide, and Act
components, agents do not require the highest capacity
scores to survive. This demonstrates that rather than having
additional capacity to observe the landscape, decide among
more options, or predict one step into the future, the most
critical ability for agents is synthesizing observations using
the highest capability mental model and is consistent with
prior literature. Simply put, agents that lack sensemaking

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-163-3



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

orientation of their environment, despite access to
information, decision-making process and action execution,
do not survive.

B. A Low Resource Landscape

We define the first scenario by modifying the baseline
conditions to create an environment with scarce resources
and increasing energy loss. Previously, the environment had
resource ranges from 25 to 125 units; this has been adjusted
to 0 to25. Additionally, we have doubled the energy loss of
move costs from 1 to 2. This creates a harsher, more
competitive environment as agents must now vie for a
significantly reduced pool of resources.
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Figure 8. Scenario 1 Environment, Time Series and Phase Portrait Plots.

In this challenging scenario, only six agents survive:
four are classified as Smart and two as Moderate in overall
summed OODA score intelligence. In this harsh landscape,
while Smart agents have a higher survival rate, Moderate
agents achieve slightly better outcomes, though by a smaller
margin than the baseline. Under this scenario, survival is
exclusive to agents with the highest capacity for Orientation.
The most complex equation and no noise are required to
survived. Contrary to the baseline scenario, a premium is
placed on the observational ability, as evidenced by most
agents possessing the highest Observe scores. Decision and
Act capacity remains low, as agents survive and thrive by
being reactive quickly. Also, Smart agents remain
stationary, exploiting resources from their immediate
location given higher move costs in a resource poor
environment. Conversely, Moderate agents actively seek out
better resources while incurring higher costs.

C. Low Resource Landscape with Global
Knowledge

In our second scenario, agents have the added
advantage of perceiving a significantly wider environmental

range while maintaining the same harsh environment as in
the above scenario. Previously limited to a view range of 0
to 5, agents can now perceive an expanded range of 0 to 20.
This dynamic aims to explore how balancing the
challenging environment with the agents' enhanced global
environmental Observe capabilities affects their mental
models and leads to the evolution of agents optimized to
maximize their fitness function. Such adaptations parallel
the evolution technology to increase human situational
awareness.
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Figure 9. Scenario 2 Environment, Time Series and Phase Portrait Plots.

Here, we see Smart agents dominating the landscape, in
contrast to Moderate and Simple agents who exhaust
themselves in an attempt to capture all possible gains by
expending excessive energy. Smart agents leverage their
superior OODA summed capacity to accurately assess the
landscape, recognizing the advantage of patient anticipation
over frantic movement in this harsh, resource poor
environment. Although they do not surpass Moderate
agents’ early gains during the simulation, they maintain
consistency in fitness outcomes. This consistency may
highlight additional benefits of Decision and Action phases,
empowering agents with a considerably broader range of
strategic courses of action.

D. Harsh World, Smart Agents

Given observed difficulties agents face in challenging
environments, we now adjust the scenario to agent at high
levels of summed OODA intelligence. Within their
observation range, which remains extensive, each agent can
now perceive all other actors, resources, and landscapes.
Each agent also consistently employs the most sophisticated
mental model available. Each agent can use the full decision
tree to see which option is best. Finally, each agent can see
the best outcome with the next tick in mind, inducing
strategic behavior.
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Figure 10. Scenario 3 Environment, Time Series and Phase Portrait Plots.

c.

Even with the above cognitive advantages, this harsh
environmental scenario proves too challenging for long term
fithess achievement and survival. In a multitude of
simulation runs, all agents inevitably perish within the first
few hundred iterations. Agents consistently exhibit low
average outcomes, demonstrating their inability to
sufficiently adapt to the landscape. Actors with the highest
OODA scores incur significant costs due to the increased
complexity of their decision-making processes. This
complexity makes each action more resource intensive as
they navigate their decision trees. In a resource poor
environment, the cost of strategic complexity is high.

E. Harsh World, Simple Agents

Building on the above, our final scenario assesses agent
performance given with the lower OODA capacities in
harsh, resource poor environments.

In the same extremely harsh environment, agents with
low OODA scores demonstrate performance comparable to
that of their more sophisticated counterparts. Whereas Smart
agents employ complex models and strategize to endure
difficult environments for future gains, agents with minimal
OODA capacities react more spontaneously. However,
given resource scarcity and competition costs, these produce
almost equally ineffective outcomes on fitness scores.
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Figure 11. Scenario 4 Environment, Time Series and Phase Portrait Plots.

V. CONCLUSION

In this paper, we set out to explore cognitive simulation
capabilities, by agentizing Boyd’s OODA Iloop in a
dynamic, competitive environment. By specifying and
controlling cognitive abilities in each OODA module, we
focused on fitness outcomes based upon varying levels of
capabilities at each step. Our findings demonstrate that this
approach opens a myriad of simulation possibilities.
Furthermore, we observed the interactive effects of
increasing or decreasing cognitive capabilities.

Some of our next steps include extending scenarios to
include adding varying degrees of agent competition across
dynamic resource landscapes to further calibrate OODA
modules and feedbacks. Once complete, we will perform
quasi-global sensitivity testing to extract key model drivers
and dependencies to make inferences on cognitive behavior
across each OODA step. This also allows detailed
exploration of both single and double loop learning
mechanisms across different competitive environments.

We believe the development of OODA loops for human
decision-making represents a significant advancement in
understanding and improving decision-making processes.
Building on Boyd's original framework, many other
researchers have validated the foundations, provided
empirical evidence, and outlined practical implications for
incorporating OODA loops into multiple domains and
contexts. By explicitly embracing the dynamic and iterative
nature of human decision-making, hopefully both individuals
and organizations can enhance their ability to navigate
increasingly complex environments.
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Abstract—In this study, we investigate a method to obtain
detailed blood flow changes from nasal images. We have
previously estimated autonomic nervous activity as an indicator
of stress by focusing on the R-B component values (Difference
value between R and B component values, the three primary
colors of color) of the nasal region in real face images. In fact,
changes in R-B component values were found to correspond to
large stress fluctuations. However, the effect of noise due to
light reflection and shadows could not be taken into account. If
the effects of light intensity can be removed, the accuracy of the
assessment of autonomic nervous activity can be improved,
which would greatly contribute to the development of emotion
estimation methods. As a method for this purpose, we propose
the introduction of the R+G+B value (Total value of the three
primary colors of light: R-component value, G-component
value, and B-component value) index, which is black when the
R+G+B value is close to 0 and white when the R+G+B value is
close to 765. This study will clarify the usefulness of this index
by using a heat map that reflects the number of pixels present,
with R+G+B values on the x-axis and R-B component values on
the y-axis. When this method was applied to an experiment in
which changes in blood flow were intentionally induced,
characteristic changes in distribution were observed at
locations where changes in blood flow occurred. This suggests
that by focusing on the locations in the heat map where changes
corresponding to changes in blood flow rate are observed, it will
be possible to remove the effects of light intensity regardless of
differences in people or environments. By applying the
proposed method, it is possible to construct a stress estimation
system that can be easily used by anyone and contribute to the
development of the interface field.

Keywords - Real face image; Blood flow; Heat map; Stress.

. INTRODUCTION

In recent years, the need for emotion estimation has
increased for humans to lead more comfortable lives, for
example by measuring fatigue and concentration levels in the
workplace and improving the workplace environment by
introducing appropriate rest systems. Methods for emotion
estimation using various biological information, such as
heartbeat pulse waves, electroencephalography (EEG) and
thermal images have been investigated. Unlike other
methods, the method using thermal imaging does not cause

stress to the subject. It does not restrict the subject's behavior,
as it uses a non-contact infrared thermography camera. This
makes it a useful method for emotion estimation. In addition
to thermal images, methods using real images have also been
studied in recent years as a more cost-effective and easy-to-
use method of emotion estimation for everyone. We have
been studying methods for estimating autonomic nervous
activity, which is an indicator of stress, from real face images
taken with a webcam. However, the effects of light exposure
caused by differences in the shooting environment and by
facial irregularities have reduced the accuracy of the
evaluation. There have been no studies that have examined
the effects of light intensity. However, considering that this
stress estimation system is to be operated in a real
environment, it is considered to be a problem that needs to be
solved as soon as possible, since there are no restrictions on
how the system is to be used to take pictures, and the pictures
are not always taken under the same conditions. Therefore,
this study attempts to solve this problem.

The rest of the paper is structured as follows. Section 2
introduces previous studies on stress estimation, Section 3
describes the proposed method, and Section 4 examines the
results of the actual implementation of the proposed method
and its effectiveness. Section 5 concludes our work.

Il.  PREVIOUS STUDY

Many emotion estimation methods have been studied
using facial thermal images. Previous emotion estimation
using facial thermal images has been based on the differential
temperature between the nasal area, which is a sympathetic
index of autonomic nervous activity, and the forehead area,
which is less affected by autonomic nervous activity [1]. Skin
temperature is the antagonistic temperature between the
conducted heat of deep body temperature, changes in blood
flow under the skin and environmental temperature.
Therefore, the differential temperature between the nasal and
forehead areas is an index that captures changes in peripheral
blood flow under the skin in the nasal area due to the low
influence of environmental temperature changes and deep
body temperature [1]. Furthermore, a method that utilizes
temperature changes not only in the nasal area but also in the
entire face is also being considered. Since evaluation in
combination with multiple facial regions is now possible, it is
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possible to estimate autonomic nervous activity with higher
precision than with conventional methods [2]. However,
these previous methods require the use of an infrared
thermography camera, which is costly.

Therefore, as a solution to the cost problem, we have
studied a method to evaluate autonomic nerve activity with
the same accuracy as facial thermal images by acquiring
changes in peripheral blood flow using real facial images,
which can be easily acquired by anyone [3]. The real facial
image captured by a visible light camera, such as a web
camera, is the reflected light on the skin surface that is not
absorbed by capillaries and subcutaneous tissues among the
light transmitted into the skin. As shown in Figure 1, the R
component has the deepest depth of transmission, followed
by the G and B components, in that order. Based on these
facts, we considered that the R-B component value, which is
the difference between the R component with the deepest
penetration depth into the subcutaneous region and the B
component with the shallowest penetration depth, could be
used to capture changes in the peripheral blood flow rate
through the subcutaneous region. In our previous study, we
obtained the variation of R-B component values in the nasal
region during a 10-minute mental arithmetic task, suggesting
the possibility of evaluating stress variation in response to
switching events, such as the timing of calculation errors
during a mental arithmetic task or at the end of a mental
arithmetic task [3]. However, in the methods of previous
studies [3], all pixels acquired as the nose were used for
analysis. Therefore, the R-B component values are calculated
including information that does not include changes in blood
flow, such as blown-out highlights and blocked-up shadows
caused by changes in light intensity and nostrils in the nasal
area, which may reduce the accuracy of obtaining changes in
blood flow. So, it is necessary to identify whether the pixels
used represent the effect of light intensity or blood flow
conditions.

B Value G Value R Value
R-B
. . Component
Epidermis  yajyes

Dermis

==

Subcutaneous
tissue

Capillaries

=

Arteries
Veins

Figure 1. Transmission depth by wavelength of RGB light.

In this study, we propose to observe the distribution of
color information of pixels corresponding to the nasal area in
each frame by creating a heat map with R-B component
values on the vertical axis and R+G+B values on the
horizontal axis. Using the proposed method, we believe it is
possible to observe how the characteristics of pixels that do
not contain information on changes in blood flow, such as
white highlights and blocked shadows due to changes in light
intensity, differ from pixels that represent changes in blood
flow. By clarifying this difference, it will be possible to
remove the effect of light intensity from the nasal image and

capture only changes in blood flow, using the nature of the
data, thus enabling a more accurate estimation of autonomic
nervous activity.

I1l.  PROPOSED METHOD

The purpose of this study is to clarify the distribution and
characteristics of pixels corresponding to the nose by creating
heat maps, and to devise a method to quantitatively remove
the effect of light intensity and acquire only blood flow
changes. The heat map should be created as shown in Figure
2, with R-B component values on the vertical axis and
R+G+B values on the horizontal axis. The reason for
adopting R+G+B values on the horizontal axis is that
R+G+B values close to 0 indicate black color and those close
to 765 indicate white color, and we thought it would be
possible to distinguish pixels that correspond to white skips

or shadows by using R+G+B values to limit pixels of interest.

R+G+B R-B frequency map 18

R-8 Value

0 100 200 300 400 500 600 700
R+G+8B Value

Figure 2. Heat Map Example.

The proposed method was implemented in a video of an
upstream vascular compression experiment in which changes
in blood flow can be intentionally induced. By creating this
heat map for each frame, it is possible to reveal how the
distribution changes when changes in blood flow occur, such
as during vascular compression or release, and how the effect
of light intensity is distributed over time.

IV. RESULTS

Figure 3 shows the time-series data of R-B component
values in the nasal area when the proposed method is applied
to an experiment in which blood flow changes are
intentionally induced, and Figure 4 shows the results of the
heat map. Figure 4 (a) shows the heat map before the blood
flow change at the 20-second point in Figure 3, (b) shows the
after the blood flow change at the 30-second point in Figure
3, and (c) shows the 50-second point in Figure 3 when the
blood flow change occurred again and the condition returned
to the same as in (a).
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Figure 3. Time series data of R-B component values of the nasal area.
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Figure 4. Heat map results.

As can be seen from the results of (a) and (b), when a blood
flow change occurs and blood flow slows down, the
distribution of pixels in the nasal area does not move
horizontally, but tends to drop vertically overall. This is
thought to be because the R component of arterial blood
decreased and the B component of venous blood increased
due to the slowing of blood flow, resulting in a decrease in
only the R-B component value without much change in the

total R+G+B value. When the blood flow improved and
returned to the initial state again, there was an overall
tendency for the distribution to be pulled up vertically, as in
(b) to (c), with (c) returning to a distribution similar to that in
(@). However, the shape of the distribution does not
completely return to the same state, but is slightly elongated
vertically, leaving remnants of the distribution in (b),
suggesting that when blood flow is impaired, the effect
appears instantaneously, but when blood flow is improved
from a bad state, it does not return instantaneously but slowly.

V. CONCLUSION

The purpose of this study was to examine the relationship
between changes in blood flow and changes in pixel
distribution by creating a heat map with two axes: the R-B
component values, which allow us to see changes in blood
flow, and the R+G+B values, which are pixel coloration. The
results showed that, using the proposed method, heat maps
tend to show characteristic changes in the time at which
changes in blood flow occur. In the present experiment, the
characteristics of the heat maps were more pronounced
because we used an experiment in which changes in blood
flow were intentionally induced. However, in an actual
environment in which a stress estimation system is used,
changes in blood flow are not likely to occur as frequently as
in this experiment. Therefore, there is a need to examine
whether the proposed method is still useful under actual
operational conditions.

In addition, changes in the features of the heat map were
visually confirmed this time, which is not sufficient to reflect
them in the system. Therefore, it is considered necessary to
quantitatively discriminate between this change in blood
flow rate and the corresponding heat map features. If
quantification of discrimination becomes possible, it will be
possible to obtain only the changes in blood flow rate from
skin color information without regard to individual
differences in skin color, such as suntan, or light intensity in
the shooting environment, eliminating the effects of light
intensity, and this will improve the development of this
system.
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Abstract—The management of heart failure and post-heart
surgery has been a major interest in healthcare. The cardiac unit
has improved over time, undergoing significant innovations to
improve the quality of services and patient outcomes. Researchers
play a significant role in progressing innovative solutions, from
co-design and idea conception to conducting impact analyses.
These often involve identifying correlations between interventions
and outcomes to improve the quality of care. In the context
of heart failure, there is an ever-increasing workload that is
impacted by the lack of resources, and staff, and the increasing
number of elderly population with heart conditions and associ-
ated co-morbidities. The COVID-19 pandemic has compounded
these existing challenges. These challenges provide the impetus
for seeking technological interventions. In the UK, The National
Health Service encourages such initiatives where patients are
looked after via digital technologies, under the Virtual Ward
concept. This paper adopts a two-pronged approach, exploring
the needs of the patients and clinicians and the potential of
digital technologies to address those needs. By evaluating current
challenges, the current state of the technology, and its limitations,
this paper provides insights for future interventions that facilitate
a Virtual Ward for the management of heart failure in the
community.

Keywords—Heart failure management; virtual ward; techno-
logical challenges

I. INTRODUCTION

Heart failure is quite common amongst older people, with
more than 10% of those over 70 years old experiencing it [1].
In heart failure patients, about 17% may pass away within a
year from any cause, and up to 44% may need rehospitalisation
within that same time frame. At the same time, the cost of
inpatient care puts a considerable burden on the care system
in England [2]. According to statistics from the British Heart
Foundation [3], the costs related to heart and circulatory
diseases are approximately £10 billion each year. In the UK,
about 7.6 million people have heart and circulatory diseases
and as people get older and the population grows, more people
may develop these conditions. Currently, there are roughly 4
million men and 3.6 million women with heart and circulatory
issues. It is predicted that more than half of people in the
UK will experience a heart or circulatory problem during
their lives [3]. Surprisingly, there are about twice as many
people dealing with heart and circulatory diseases in the UK
compared to those with cancer and Alzheimer’s combined.
Every year in the UK, approximately 49,000 individuals under
75 succumb to heart and circulatory diseases. In recent years,

hospitals have encountered various challenges [4], including
staff shortages, economic burden, increased population as well
as an increase in chronic conditions and the impact of the
COVID-19 pandemic [5].

Improving Heart Failure (HF) management has been a long-
standing challenge in medical research [6] driven by the goal
of enhancing healthcare quality, patient survival rates, and sat-
isfaction with medical protocols. However, healthcare systems,
specifically cardiac units, have been significantly impacted in
recent years due to staff shortages and economic burdens [2].
These challenges have resulted in medication errors [7], food
delivery mistakes, lack of attention and care, and in some
cases, fatalities due to carelessness [7]. Moreover, the average
length of hospital stay decreased from 8.2 days in 2000/01 to
4.5 days in 2018/19 [8]. This reduction reflects an emerging
shift towards alternative care delivery models, including home
care options. While hospitals strive to provide optimal care,
they cannot substitute for home comfort. Research indicates
that most patients strongly desire to expedite discharge and
return home as soon as they regain consciousness [9], typically
within three to four days. However, the transition from hospital
to home-based care for managing HF and post-heart surgery
presents complex challenges. Patients with a history of HF re-
quire continuous monitoring, proper medication management,
regular checkups, maintaining a healthy diet, and rehabilitation
sessions to support their recovery [10]. Despite patients who
desire early discharge and prefer home-based care due to
comfort preferences and economic issues, it is important to
acknowledge the complexities and challenges associated with
a community health setting.

The establishment of a virtual ward can benefit this group
of patients. A virtual ward can be defined as a remote
monitoring and healthcare management system that enables
medical professionals to oversee and support patients in their
own homes, and bridges this gap by delivering hospital-level
care in a familiar environment.

This paper examines the current needs of patients with
HF and the challenges they face in hospitals and homes. We
then explore current state-of-the-art technological solutions for
looking after patients at home and highlight their limitations
and shortcomings. Specifically, we explore the technology
from the perspective of the Virtual Ward concept and its
potential to provide hospital-level care within the comfort of
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patients’ homes. This paper aims to contribute to the ongoing
discourse on enhancing patient care in cardiac healthcare
settings by critically assessing existing approaches and their
shortcomings with the idea of informing a new list of require-
ments for future innovations in this domain.

In Section II, we first outline the current needs and chal-
lenges in managing HF. Following this, we discuss current
technological solutions designed to address these needs, and
analyse their shortcomings in Section III to identify the gaps
that require further exploration and resolution.

II. NEEDS AND CHALLENGES IN HF MANAGEMENT

Healthcare systems today are facing several challenges.
They deal with increasing numbers of patients, limited re-
sources, and changing healthcare needs. This section discusses
existing work in the healthcare domain and identifies those
needs and challenges [2].

Existing literature highlights strain on the healthcare system
in the UK and worldwide due to the increasing population
[4], shortage of medical staff, gaps in monitoring patients [2],
medication errors [7], and patients food delivery errors [11].
These issues often result in the potential impact on morbidity
and mortality [7]. The aftermath of COVID-19 further added
to these challenges [5] with an increased number of patients,
shortage of staff, beds, ventilators, and Intensive Care Units
(ICUs) [5]. HF is one of the critical health issues to manage
that requires immediate attention and such issues cannot be
escalated for later resolution due to high mortality rates [5].
This underscores the importance for researchers to explore
different and better ways of taking care of patients to handle
current and future crises at hospitals. In the following sub-
sections, we have explored individual challenges in healthcare
units that affect patients in general, with a focus on HF
management and cardiac units.

A. Challenges in Medication Management

In a study [12], researchers investigated hospital prescribing
errors by staff and nurses in Georgia and Colorado. The
results revealed that approximately 19% of medications were
administered wrong, either at the wrong time, in an incorrect
dose, or unauthorised manner. This highlights the urgency for
innovative approaches to avoid prescription errors. Moreover,
insights from the Norwegian Incident Reporting System from
2016 to 2017 [7] have been shared. In this report, 3,557 med-
ication errors were reported, and most of the errors occurred
during medication administration (68%), followed by prescrib-
ing (24%) and preparation/dispensing stages (6%). The leading
types of errors were dosing errors (38%), omissions (23%),
and incorrect medication prescribing (15%). Alarmingly, over
half of all errors were harmful (62%), with 5.2% causing
severe harm, and 0.8% resulting in fatalities. Apart from
medication errors during the hospital stay, such errors also
occurred during the admission and discharge times. A study
comprising 904 patients found that 29.4% of patients have
experienced at least one unintended medication [13]. These
unintended medication errors were serious or very serious in

36% of patients and potentially moderate in almost 40%. This
risk later increased with proceeding treatments. The general
practitioners or nurses were identified as the most effective
sources of administering wrong medicines.

Another paper focused specifically on the National Health
Service (NHS) in England [2] has revealed economic bur-
den and medical errors within hospitals. According to the
annual national estimate, there is a substantial number of
medication errors with 237 million across the medication
process, with primary care accounting for 38.4% of these. The
economic burden associated with definitely avoidable adverse
drug events is estimated at £98,462,582 per year, resulting
in 181,626 bed-days consumed and causing or contributing to
1708 deaths. This led to hospital stays and the cost of hospital
admission to £83.7 million; causing 627 deaths in primary
care, while secondary care resulted in extended hospital stays
counting to £14.8 million cost, and causing or contributing to
1081 deaths.

B. Diet Management Challenges

In addition to medication, diet management is also an
important part of recovery for all patients and most im-
portantly for heart failure patients. Studies identified that
proper diet management helps control risk factors such as
high blood pressure, high cholesterol levels, and obesity [14].
For many people, HF can stem from obesity, as there is a
strong correlation between obesity and HF [15]. Therefore,
diet management holds significance. Typically, during hospital
stays, patients receive food as directed by doctors. However,
many errors were seen in the past in the diet management of
patients. A case study conducted in Thailand highlighted many
complaints about wrong food delivery, making up 37.4% of
all complaints in 2017 [11]. The primary reasons found for
food delivery errors included wrong orders (not passing on
the right information), catering the wrong food to patients, and
errors made by doctors in prescriptions. Research also found
instances of malnutrition in patients with chronic or severe
illnesses, particularly in hospital settings. It has been revealed
that malnutrition is often not recognised or underestimated,
leading to increased morbidity, mortality, longer hospital stays,
and higher treatment costs [16].

C. Monitoring Issues

Monitoring patients at hospitals has often been a challenge
across various departments, specifically in those units where
continuous monitoring is required, such as in cardiology wards
or mental health wards [17]. These wards encounter difficulties
in monitoring patients due to the limited manpower. The
increasing number of patients places considerable strain on
the existing resources. To overcome the issue of manual mon-
itoring and shortage of staff, researchers have developed some
monitoring tools, like remote physiologic monitoring devices,
to monitor patients’ vital signs, symptoms, and other health
indicators remotely [18]. However, there are technical issues
such as inconsistent data transmission, missing data points,
or malfunctioning in these devices leading to unreliability of
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remote monitoring systems. Moreover, the patient’s discomfort
presents another challenge as many older adults or those with
cognitive impairments may not be able to use and properly
activate the monitoring devices. Thus, monitoring patients
remains an open challenge in hospitals as well as in remote
monitoring setups.

D. Challenges with Rehabilitation Programs

Physical rehabilitation plays a crucial role in HF man-
agement and post-heart surgery. Rehabilitation programs help
patients regain their strength, enhance cardiovascular health,
improve overall quality of life, and most importantly reduce
the potential risk of future cardiac problems. Researchers have
examined several challenges associated with rehabilitation
programs including limited access to services due to high cost,
geographic barriers, and issues with personalisation to individ-
ual needs and delivery [19]. Another challenge associated with
rehabilitation programs is the lack of interdisciplinary collab-
oration among different practitioners including psychologists,
surgeons, and therapists [19]. Additionally, studies identified a
shortage of staff in cardiac rehabilitation centres, which poses
a significant challenge since cardiac rehabilitation programs
require specialised expertise to provide tailored rehabilitation
based on individual patient needs [20]. Neglecting the need for
rehabilitation programs leads to decreased quality of life, with
increased disabilities, injuries, or chronic health conditions
among cardiac patients. Therefore, it is important to address
the problems faced in rehabilitation programs [19].

E. Struggles with Emotional Needs

Recognising the crucial link between physical and mental
health is crucial [21]. People coping with heart disease, and
congestive HF encounter beyond their physical challenges.
They encompass an emotional battle of social isolation, fear,
and uncertainties about other aspects of life since their every-
day life is challenging. Despite the advancement in medical
technology, the psychological aspect also needs attention, as
patients often decline certain treatments because of fear, which
poses a challenge for medical staff and effective management
[21].

HF and chronic heart diseases not only affect older people,
but also children. Children with heart problems and their
families suffer through emotional stress, financial burdens,
and physical exhaustion in this process [22]. Many individuals
often turn to spiritual support for comfort, hope, and strength
[17]. Therefore, medical practitioners must provide compre-
hensive and tailored support and acknowledge their emotional
needs thereby enhancing the overall quality of life of patients
and families impacted by heart failure.

F. Post-Open Heart Surgery Delirium

In addition to medicine errors, diet management problems,
and emotional and physical therapy problems, HF patients
often face delirium after open heart surgery [23]. Delirium is a
state of mind where people get severe confusion and cognitive
difficulties, and this can occur from a multitude of causes.

Notable amongst them are side effects of medicines, stress and
trauma, and sleep disturbance. To address this challenge, there
is a need to train medical staff and patients to help support
and perform daily activities during recovery, so that the risk
of delirium is reduced.

III. CURRENT SOLUTIONS AND THEIR SHORTCOMINGS

The field of HF management has witnessed significant
innovations. In this section, we aim to highlight current
research efforts and proposed solutions, with special attention
on addressing the shortcomings of these proposed solutions,
summarised in Table I, laying the groundwork for future
improvements in research.

A. Cost Effective Al Applications to Address Staffing Gap and
Monitoring

In the realm of Artificial Intelligence (AI) applications
in healthcare, several studies show the promising potential
[12]. Advancements in varied medical specialities such as
anaesthesiology are significant [24] and indicate that most
complex anaesthetic tasks will be performed by robots in
the near future. Additionally, wearable devices show potential
to enhance patient monitoring. A wearable system mHealth
has been developed that replaced the physical follow-up with
remote electronic visits, i.e. this device measures the blood
pressure, temperature, electrocardiogram (ECG), and weight
of patients [25]. The experiment was conducted on 730 adult
patients and results showed that automatic measurements with
mHealth device can enhance the Postoperative Atrial Fibrilla-
tion (POAF) after heart surgery within three months. Such
systems showcase the importance of remote monitoring in
improving patient outcomes. Several new remote care systems
have been launched that are surpassing human capabilities
[26], by offering real-time monitoring, analysis, reminders,
and personalised rehabilitation programs and care. A study
on patients who had undergone a heart procedure called
Transcatheter Aortic Valve Replacement (TAVR) revealed that
smartwatches have effectively detected cardiac issues such as
irregular heart rhythms post-hospital discharge [27]. This high-
lights their potential as valuable tools for remote monitoring
and follow-up care. Integration of smart systems addresses
the problems in traditional systems [19]. However, advanced
monitoring systems have some limitations, including the lack
of electroencephalogram (EEG) monitoring, and insufficient
focus on chronic disease or specific contexts such as HF.
Additionally, these systems need more clinical validation to
enhance their efficacy.

B. Smart Diet and Weight Management Applications

People with heart problems should maintain a healthy diet
and weight [15]. Existing works such as Speak4Diet app [14]
monitor dietary intake and identify deficiencies in nutrients.
This Al-based app analyses and tracks the composition of
the user’s diet and provides personalised recommendations
for improvement. While such apps demonstrate considerable
potential, there is room for improvement including consistent
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TABLE I

SUMMARY OF CHALLENGES, CURRENT SOLUTIONS, AND SHORTCOMINGS IN HEART FAILURE MANAGEMENT

Needs and Challenges

Current Solutions

Shortcomings and Problems

Medication Management

Automatic Medication Dispensing System [28]
Smart Medication Error Reporting Tool [29]

Limited functionality of Automated System [28]
Medication Errors [12], [7], [2], [13]

Dietary Management

Improved Food Delivery Systems [30]
Mobile App for Tracking Dietary Intake [14]

Food Delivery Errors [11]
Lack of Personalised Dietary Plans
Malnutrition in Patients [16]

Cost and Space Management [2]

AT applications in Nursing [31]

Implementation Challenges [5]
Health Inequalities [4]

Shortage of Staff and Beds [8]
Economic Feasibility Issues [8]

Patient Monitoring

Self Management App [32]
Remote Monitoring [18]

Technical Issues With Remote Monitoring [18]
Staff Shortage Leading to Health Inequalities [4]

Emotional Needs of Patients [21]

Emotional Wellness Sessions with Psychologists
Socially Assisted Robot for Cardiac Rehabilitation [26]
Comprehensive Support Programs [33]

Depression and Anxiety [21]
Lack of Corporation by Patients in Treatment [9]
Lack of Emotional Awareness [22]

Physical Rehabilitation Programs

Virtual and In-person Rehabilitation Programs [34]
Al-based Exercise Prescription [35]

Lack of Personalisation for Heart Patients [20]
Lack of Interdisciplinary Collaboration [34]

Post-open Heart Surgery Delirium [23]

Staff and Patient Training Programs

Lack of Delirium Awareness [36]
Inadequate Support Systems [23]

Heartbeat Abnormality Detection

Heart Sound Abnormality Detection [37]
Diagnosis of Heart Rhythm Abnormalities [38]

Limited Clinical Validation [37]
Data Privacy Concerns [5]

Prediction of Heart Failure

Early Screening Programs [10]
Data-driven Risk Prediction Models [39]

Limited Clinical Trials [10]
Interpretation Challenges [40]

user adherence, minimising data entry errors, limitation to food
database, refining portion size estimation, and enhancing the
sophistication in tailoring advice to individual health goals,
preferences, and dietary restrictions.

The sudden weight gain in heart failure patients can signal
underlying cardiovascular issues and it is recommended that
patients weigh themselves regularly [15]. A weight gain of
three to five pounds in a week or two to three pounds in
a day signals that the heart is not pumping blood properly.
There are existing applications for weight management such
as an explainable Al tool for predicting weight loss success for
people who are trying to lose weight [41]. Similarly, another
chatbot has been introduced to assist people in managing their
weight loss journey and provides motivational and sentimental
support [42]. Despite achieving a good accuracy such as
above 80%, there are concerns regarding adoption and trust.
Moreover, the weight monitoring applications for managing
HF patients should be contextually aware of the purpose
of identifying correct trends. Future research is required to
address these concerns. Apart from monitoring heart patients,
an application focused on HF management can also help
address the issue of obesity.

C. Automatic Medication Management Systems

Effective medication management stands at the top of care
for HF treatment and post-care. Researchers have introduced
an automatic dispensing machine that handles medicines dis-
pensation automatically [28]. This machine was developed to
help people living in faraway places like tribal areas where
getting medicine can be hard. The machine holds basic and
emergency medicine and can also check vitals like blood
pressure and temperature. When it is running low on medicine,
it can be refilled based on remote information. A smart
medication error reporting tool has also been introduced for

enhancing the patients’ safety [29]. Moreover, a systematic
review has revealed the efficacy of mobile health apps in
helping heart patients stick to their medications [43]. These
apps generally demonstrated acceptable usability. However,
ensuring the accuracy of medication administration and con-
tributing to usability and effectiveness remains a significant
challenge and further work is required in this domain to fully
realise the potential of these systems.

D. Personalised Rehabilitation Programs

Irfan et. al [26] studied 43 patients to find the effectiveness
and acceptability of socially assistive robots in personalised
care at cardiac rehabilitation programs. The results derived
from 26 patients(who finished the whole program), showed
the effectiveness of robot assistance and personalising in the
rehabilitation program, particularly during intense training.
However, some failures in sensor data recognition were no-
ticed, suggesting the need for future work to enhance sensor
data recognition. Researchers have made significant efforts in
therapy programs, such as Al-based personalised prescription
by GPT-4 model [35]. Moreover, Al-based rehabilitation has
been explored for patients with cerebrovascular accidents to
reduce psychological stress [44]. Virtual reality-based therapy
programs have been proposed to manage postural dizziness
[45], and wearable robotic exoskeletons have been developed
to enhance upper-limb rehabilitation [33]. Furthermore, re-
searchers are utilising smartphones to study gait patterns to
gain insights into an individual’s personality [46]. Addition-
ally, individual patient profiles are considered for tailored
medical therapy [47].

Despite the potential of such effective therapy programs,
these programs lack comprehensive clinical evaluations, en-
counter implementation challenges in real-world environ-
ments, and demonstrate a lack of precision. Therefore, more
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efforts are needed to enhance the usability and universality of
these programs.

E. Early Diagnosis of Cardiac Complications and Abnormal-
ities

The prediction of any health issue is critical in healthcare
as it enables early identification and timely intervention for
improved quality of life. Researchers have presented numerous
works for the prediction of different diseases [32]. In another
study [48], researchers proposed advanced methods for HF
prediction using deep learning and a dataset of real healthcare
records. This approach was effective for anomaly detection
and risk factor refinement early intervention. Additionally,
many similar researches open avenues for electronic health
record data to explore HF, revealing significant variations
in left ventricular ejection fraction [49]. Furthermore, [50]
have proposed a motion-based analysis method for survival
prediction of HF patients and their work highlights its potential
for assisting clinical practitioners in personalised therapy plan-
ning for patients. Another study presents extensive insights on
survivors of adolescent/adult Hodgkin lymphoma to develop
prediction models for coronary heart disease and HF [40]. The
model was accurate at predicting the risk of heart problems
about two to three decades in advance. Such models can help
doctors to screen and treat heart issues in Hodgkin lymphoma
survivors at an early stage.

Despite significant progress in the research domain, clinical
validation and real-world implementation represent crucial
limitations in current solutions. Improvement in these areas
will bridge the gap between technology and medicine, leading
to better healthcare systems.

FE. The initiative of Virtual Ward Care for HF Management

Addressing the issues in managing HF, including those
encountered at hospitals in general and post-COVID-19 chal-
lenges, alongside meeting the patients’ preferences, it is
conceivable that the implementation of a Virfual Ward ca-
pable of managing complete HF care at home could be
an effective solution. Despite the problems associated with
different technological interventions highlighted earlier, with
the rapid evolution of Al, robotics, and wearable technology,
new solutions can be derived to overcome these limitations.
Drawing inspiration from successful Virtual Ward models
designed for acute respiratory infection and frailty, the NHS
has also introduced the idea of a Virtual Ward care for
people with HF [6]. The objective is to provide personalised
care, monitoring, medication recommendations, personalised
therapy, and individualised dietary prescriptions at patients’
homes. This will also reduce the processes of admissions and
re-admissions to the hospital, resulting in cost savings and
supporting a near-real-time decision-making system. The focus
lies in enhancing digital systems to remotely monitor patients,
early identification as well as prediction of deterioration,
timely intervention, and managed load.

Existing literature highlights challenges in current cardiac
units and healthcare systems. Assistive technologies have a

high potential to significantly improve HF management and
promote home-based Virtual Wards [32]. Tasks such as early
detection of declining cardiac function before they become
clinically apparent, optimisation of remote monitoring sys-
tems and predictive analytics for hospital readmission risk
assessment are more suitable for an Al-based system to excel.
These functionalities hold significant promise if provided with
clinical validations and personalisation.

IV. CONCLUSION AND FUTURE WORK

In this paper, we have explored current challenges for HF
patients from a UK perspective and presented some of the cur-
rent technical solutions to provide home care for HF patients
in the UK and worldwide. Managing HF is becoming more
complex, with the current solution facing specific challenges if
implemented in people’s homes. While existing technologies
facilitate the rapid transition of patients to their own homes, we
have pointed out shortcomings and the potential for future im-
provement, highlighting the need for more advanced systems.
Emerging technological solutions, such as the NHS Virtual
Ward Care initiative, show the potential to improve patient
care and better management. Future work in this domain
can also contribute to the evolution of care pathways for
HF, including the assessment of the effectiveness of such
technological innovations.
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Abstract—This paper proposes a framework to enrich restau-
rant reviews by providing follow-up questions to reviewers about
absent elements in their original reviews. Utilizing ChatGPT, we
investigated enhancing the detail and organization of reviews by
examining 26 participants’ interactions across food, environment,
and user experience. The results suggested that the follow-up
interaction encouraged more informative reviews by highlighting
omitted details. Especially, it effectively increases mentions of
the restaurant’s atmosphere and personal experiences alongside
food descriptions. This approach offers insights into factors
influencing review content, such as review writing experience
and dining context. We believe that the findings will be helpful
for customers as a guide to writing reviews and suggest the
effectiveness of follow-up interaction in writing reviews.

Keywords-Follow-up interaction; computational approach for
Jfood and eating activities; Large Language Model-supported sys-
tem.

I. INTRODUCTION

When selecting a restaurant from numerous options, cus-
tomers frequently refer to restaurant reviews posted on web-
sites. These reviews directly reflect the experiences and im-
pressions of reviewers who have actually visited the restau-
rants. The review is a precious source of restaurant informa-
tion for customers. Reviews significantly influence customers’
impressions of restaurants before their visit, and the content of
these reviews can greatly affect the restaurant’s patronage [1].
Restaurants undertake various approaches to attract customers
through reviews: offering the first drink, a plate of desserts,
and optional services for free, such as writing a review or
posting photos and videos with some specific tags.

Restaurants try to attract customers through some initiatives.
Let us consider that the handled content differs between writ-
ing reviews and posting tagged photos and videos. Reviews
primarily deal with text, while photos and videos mainly
involve visuals and sounds. The text in reviews can detail
various aspects of the experience in the restaurant. The reviews
can tell not only the taste, smell, and texture of the food,
but also the ambiance and environment of the restaurant, its
location, and the attitude of the staff. Moreover, they some-
times provide the circumstances leading up to the reviewer’s
visit and individual events for each reviewer in the restaurant.
These types of information are helpful for customers to select a
restaurant. On the other hand, photos and videos may not offer
as much detailed information as reviews. They can provide
attractive and impressive visual information, e.g., the appealing
appearance of food [2], customers’ facial expressions after eat-

ing. To attract customers through visually appealing content,
restaurants have been making various efforts to make their
dishes look more appetizing.

Reviews are potentially able to provide much valuable
information for customers, but most of them do not provide
sufficient detail about the restaurant. Just one word like “good”
or “bad” can not be a source to be referred to. Accordingly, so
many customers focus on photos and videos, and then restau-
rants emphasize visual and sound content as an advertisement.
It is not too much to say that this trend ignores something that
can not be recorded in photos and videos. If the review can
be improved as its potential, the customers can receive more
information for aspects not shown in photos and videos, e.g.,
smells of coffee and the kindness of staff. We thus investigate
the following research questions;

RQ 1 What memory challenges do customers face when

detailing a restaurant?

RQ 2 What types of information can be missed in reviews?

RQ 3 Does the follow-up interaction enrich the description

in reviews?

In this paper, we ask reviewers to describe their dining
experience twice. From the investigation, we study what they
remember and easy to describe from different perspectives.
When reviewing a dining experience, the memories the re-
viewer recalls are not text but sensory information from their
senses: visual, auditory, olfactory, gustatory, and tactile inputs.
For RQ 1, This study explores how reviewers verbalize and
express these memories in text, what information is easier or
harder to recall, and what information can be expressed in text
but not in photos or videos, and vice versa. By clarifying these
aspects, we aim to understand the trends in review writing
and consider how to enrich the content of reviews based on
these findings. To investigate RQ 2 and RQ 3, we prepare the
follow-up system introducing ChatGPT. As a review is input,
the system identifies aspects that exist and do not exist in the
review. The system shows the follow-up question to encourage
reviewers to detail the missed aspects in mind. The aspects in
the original and revised reviews are comparatively analyzed.
Then, we consider the effectiveness of follow-up interaction
in enriching reviews.

II. RELATED WORK

Restaurants can be classified into numerous segments, with
criteria: the level and quality of service, customer participation
in the dining experience, price, quality of food, and ambiance
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[3]-[6]. Based on these criteria, restaurants can be categorized
into fast food, casual dining, fine dining, and business food
service, among others. There are many elements unique to
each segment, while common elements (e.g., accessibility,
menu diversity, and a certain level of cleanliness) across the
segments exist. Existing papers discussed which restaurant
segment can meet customer expectations and what elements
enhance customer satisfaction [7]-[9]. These studies have
shown that casual dining restaurants adequately meet customer
expectations, and the quality of food and restaurant services
significantly impacts customer expectations. It has also been
confirmed that the price of food affects customer satisfaction,
especially in fast food and casual dining restaurants [10], [11].

Let us focus on the unique elements of each restaurant
segment. It is evident that aspects like food quality, restaurant
service, and price are crucial elements for relatively low-priced
dining options. These elements are related to the customers’
dining experience and their overall experience in the restau-
rant. There are many studies that have used different aspects
necessary for customer satisfaction in reviews, extracting var-
ious evaluations of restaurants from reviews [12]-[17]. These
studies have enabled the automatic evaluation of restaurants
based on reviews and feature extraction. They analyzed ele-
ments necessary for customer satisfaction in restaurants from
various points of view.

However, these studies do not enrich the content of reviews
to enhance the customer experience.

This research analyzes 1) what aspects are likely to be
described in reviews, 2) in what order they are typically
described, and 3) what content is recalled through follow-up
interaction. It aims to identify points that satisfy customers
and make them want to write reviews, contributing to en-
riching customer experiences and the management strategies
of restaurants. Furthermore, by identifying the elements cus-
tomers look for in restaurants from reviews. The proposed
system introduces ChatGPT to point out missing elements in
reviews. This paper investigates the effectiveness of follow-
up interaction to enrich the content in reviews to be more
comprehensive and informative.

This study introduces ChatGPT to identify missing elements
in restaurant reviews. Through the experiments, we investigate
the effectiveness of follow-up interactions in making reviews
more comprehensive and informative. It is reasonable to say
that the improved reviews are valuable for both customer
experiences and restaurant management.

III. PROPOSED METHOD

Figure 1 shows the framework of the proposed system and
its interaction. In Section III, we developed a system to detect
existing/absent elements in reviews and to enrich reviews
through follow-up interaction. The review elements are preset
to ChatGPT with prompt engineering.

A. Elements in restaurant reviews

This paper defines the elements in restaurant reviews as
encompassing all aspects related to dining; we consider that

User

1. Write user’ s review

Figure 1. The framework of the proposed system and its interaction. A
system introducing ChatGPT where review elements extracted from reviews
are learned. The system give feedback the viewpoints missed in a review to
users as a follow-up.

TABLE I
REVIEW ELEMENTS INCLUDED IN RESTAURANT REVIEWS. THERE ARE
THREE POINTS OF VIEW IN REVIEW ELEMENTS: FOOD, RESTAURANT, AND
REVIEWER (L.E., THE USER.) THE INDEX OF ELEMENTS IS ASSIGNED TO
THE LEFT OF EACH ELEMENT.

[ID ] Food [ ID ] Restaurant [ ID ]

1 taste 8 place 16 when

2 texture 9 budget/price 17 who

3 appearance 10 | interior/decoration 18 why

4 smell 11 staff 19 feeling

5 ingredients 12 customer 20 event

6 volume 13 season 21 user age

7 food combination 14 history of store 22 | hunger level
15 limited event 23 satisfaction

the experience of dining out includes before and after visiting
the restaurant itself. To empirically extract these elements, the
first author conducted a systematic survey of restaurant reviews
on a popular dining website [18].

This involved analyzing a diverse range of reviews to
identify common themes and descriptors used by customers.
The extracted elements reflect the holistic dining experience
and are represented in Table I, which is preset in the proposed
system. For analytical clarity, these elements were categorized
into three perspectives: food, the restaurant’s environment, and
the reviewer’s experience. This categorization was based on
the frequency and significance of mentions in the reviews,
allowing us to distill the most impactful aspects of the dining
experience as perceived by customers.

Note, the elements were heuristically selected in this paper.
It is not crucial to the goal of our study, which is to investigate
the effectiveness of follow-up interaction in enriching reviews.
Although, the data-driven approach to preparing the elements
will be our future work.

B. Follow-up interaction with ChatGPT

The system introduces ChatGPT as a conversational model
of Large Language Models: LLM.

We set the following prompts to ChatGPT;

[PROCEDURES]
Please assist in creating a restaurant review. Follow the steps
outlined below to provide support in writing restaurant re-
views.
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1) Inform the participants by saying, ‘“Please enter your
review.”

2) Have the participants input their review.

3) Detect which elements of the review are present based
on the input of participants, identifying which of the
following categories each element belongs to: {about the
food}, {about the environment}, {about the reviewer}.

4) Briefly communicate to the participants the detected
elements from their review.

5) Inform the participants of any missing elements, ensur-
ing that there are at least three elements mentioned in
the review under each category {about the food}, {about
the environment}, {about the reviewer}.

The elements of restaurant reviews described in Sec-
tion III-A are preset to ChatGPT. We conducted prompt
engineering for ChatGPT to detect existing and absent el-
ements from an input review. When participants input their
dining experiences at a restaurant, the system identifies which
elements exist in the review. The system represents all ele-
ments included in a review for each perspective. Also, the
system represents more than three absent elements for each
perspective if the review does not include all of the elements
in Table I completely. After representing these, the system
suggests reviewer add the absent elements to comprehensively
enrich the review. Note, users may add any descriptions other
than absent elements suggested by the system.

We observed how the system works through test cases in
advance. Reviews randomly selected from a website were
input into the proposed system. It was confirmed that the
proposed system successfully identified some existing and
absent elements in nine reviews out of ten reviews. One error
case only represented existing elements but did not show
absent elements as a suggestion. For such error cases, the
proposed system could represent correct absent elements as
the experimenter additionally prompted “detect the absent
elements” as an problem solver. Therefore, we decided to
constantly monitor the interaction in the experiment and
appropriately prompt the problem solver if the system would
unexpectedly work.

IV. EXPERIMENTAL SETTINGS

In Section IV, using the proposed system described in
Section III, we experimented with writing restaurant reviews.
The reviews written by participants and their interaction with
the proposed system were analyzed from various points of
view.

A. Procedures

The experiment was conducted as three steps shown in
Figure 1. The procedures of the experiment were as follows;

1) Each individual participant had a dining experience.

2) The participant wrote a review about his/her dining
experience and took the feedback from the proposed
system.

3) The participant wrote additional information to enrich
the description in the review according to the system’s
suggestions.

We studied the reviews written by the participants for

each element and perspective based on the profiles of the
participants.

B. Participant Profiles

A profile survey was conducted on 26 participants before
writing the review and interacting with ChatGPT. The survey
included six items: the participant’s age, gender, experience
with writing reviews, the timing of the dining experience
mentioned in the review, the amount paid at the restaurant,
and the timezone of the dining experience. Table II shows the
profile survey of participants.

In our experiment, the survey investigated the degree of fa-
miliarity with writing reviews in addition to basic information
about the participants. We asked whether the participants have
written reviews regularly, spontaneously, for some exogenous
incentives (e.g., for a reward,) or never. This survey aimed to
clarify whether differences in familiarity with writing reviews
lead to differences in the review aspects focused on. The
survey on the timing of the dining experience mentioned in the
review was designed with four options: within one week, two
weeks, three weeks, and four weeks. This questionnaire would
clarify whether the elapsed time since the dining experience
influenced the review aspects focused on. The survey on the
amount paid at the restaurant was conducted with four options:
below 2,000 JPY, between 2,001 and 4,000 JPY, between 4,001
and 6,000 JPY, and above 6,000 JPY. This questionnaire was
prepared to study whether there was a relationship between
the amount paid and the review aspects focused on. The
survey on the timezone of the dining experience had three
options: morning, noon, and evening. We used the result of
this survey to clarify whether there was a relationship between
the timezone and the review aspects focused on.

V. RESULTS

Table III shows the results of the experiment. In the table,
for each participant, originally described elements, originally
absent elements suggested by the system, and added elements
by follow-up interaction are listed as the index of review
elements. In Section V, we study the overall review elements
through the interactions. Moreover, we focus on the partic-
ipants’ profiles, the timing of the dining experience, and the
amount paid to more deeply consider the interaction of writing
reviews with follow-up interaction.

A. Discussions for review elements through follow-up interac-
tions

This Section studies the overall results of the experiment.
We focus on the trends in originally described elements,
originally absent elements suggested by the system, and added
elements by follow-up interaction. It was confirmed that food,
restaurant, and reviewers were all described in the originally
described and added elements in the reviews. Moreover, the
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TABLE II
PARTICIPANT’S PROFILES. IT SHOWS THE PARTICIPANT ID, AGE, GENDER(M/F), EXPERIENCE IN WRITING RESTAURANT REVIEWS, WHEN THE
EXPERIENCE WAS MENTIONED IN THE REVIEW, THE BUDGET(JPY) FOR THE DINING, AND THE TIMEZONE OF THE EXPERIENCE.

[ ID ][ Age [ gender | Experience [ When | Budget(PY) [ Timezone ]
1 21 | M Voluntary 1 week ago 1-2,000 Evening
2 21 | M No experienced | 4 weeks ago | 4,001-6,000 Evening
3 20 | M No experienced | 1 week ago 1-2,000 Evening
4 22 | F Voluntary 4 weeks ago | 2001-4,000 Evening
5 22 | F Exogenous 1 week ago 1-2,000 Daytime
6 20 | M No experienced | 3 weeks ago | 2001-4,000 Evening
7 20 | M No experienced | 2 weeks ago | 1-2,000 Evening
8 20 | M Exogenous 1 week ago 1-2,000 Daytime
9 20 | M No experienced | 1 week ago 1-2,000 Evening

10 19 | M No experienced | 1 week ago 1-2,000 Evening
11 20 | M No experienced | 1 week ago 1-2,000 Evening
12 20 | M No experienced | 1 week ago 1-2,000 Evening
13 20 | M No experienced | 4 weeks ago | 1-2,000 Evening
14 20 | M No experienced | 1 week ago 2,001-4,000 Evening
15 24 | F No experienced | 1 week ago 1-2,000 Evening
16 21 | M No experienced | 1 week ago 1-2,000 Daytime
17 23 | M Exogenous 1 week ago 1-2,000 Evening
18 51 | F Exogenous 4 weeks ago | 1-2,000 Evening
19 21 | M No experienced | 3 weeks ago | 1-2,000 Evening
20 22 | M No experienced | 1 week ago 1-2,000 Daytime
21 22 | M No experienced | 1 week ago 1-2,000 Daytime
22 23 | M No experienced 1 week ago 2,001-4,000 Evening
23 23 | M No experienced | 1 week ago 2,001-4,000 Evening
24 22 | M Voluntary 1 week ago 6,001- Evening
25 22 | M No experienced | 1 week ago 1-2,000 Evening
26 24 | F Exogenous 2 weeks ago | 2,001-4,000 Evening

users added not only the suggested elements but also other
elements through follow-up interaction. From these results, the
follow-up interaction by the proposed system helped reviewers
to enrich their reviews as informative and comprehensive.
These results follow RQ 1, RQ 2 and RQ 3.

Throughout both originally described and added elements,
it was confirmed that there were highly co-occurred elements:
taste and texture, taste and ingredients, and taste and food
pairing. Co-occurrence of taste and texture happened in re-
views listing the characteristics of the dish. For co-occurrences
of taste and ingredients, Reviews explaining ingredients in
the dish and what taste the ingredients had included the co-
occurrence of taste and ingredients. Taste and food pairing
co-occurred in reviews describing the combinations of ordered
dishes on that day, including combinations of their tastes.

The total number of elements throughout interactions indi-
cated that taste-related elements were most frequent in both
originally described and added reviews. Almost all reviews
mentioned the taste of the food. It thus suggested that the
taste was the easiest element to describe in reviews rather than
others. Many reviews started with a description of taste and
went to others. From these results, there might be a common
idea among reviewers that “restaurant reviews should have
descriptions of taste.”

Focusing on elements only in the original descriptions,
reviews commonly included taste, and budget/price, i.e., el-
ements related to foods. Such elements were easily described
with reviewers’ feelings before and after eating. The descrip-
tions of reviews actually explained the taste and price in

relation to reviewer’s feeling. These results suggested that the
taste and price were significant points to evaluate restaurants.

Let us focus on added elements after the proposed system
suggested absent review elements in a review. The added
reviews commonly include not only elements related to taste
but also ones related to the restaurant’s environment: place and
budget/price. Although the system did not suggest, reviewers
additionally mentioned elements related to taste through the
follow-up interaction. This result also supported that reviewers
emphasized taste-related elements in reviews. We confirmed
that elements concerning place were not commonly mentioned
in originally described reviews, which were added after follow-
up interaction. Moreover, added reviews included more el-
ements related to staff and interior/decoration. The results
showed the elements concerning the restaurant were increased
after follow-up interactions.

B. Discussions for profiles of participants

We focus on the reviewers’ profiles shown in Table II. In the
following discussion, we consider the experience of writing
reviews, the timing of the experience, and the amount paid
at the restaurant. Note that all the participants were in their
twenties, their genders were unbalanced and not sufficiently
evident for discussion, and most visited restaurants in the
evening. The following discussions regarding the results in
Table III are thus limited to these profiles.

1) Experience for writing reviews: It was found that there
were no significant differences in originally described and
added elements between voluntary and exogenous for those
who experienced writing reviews. So, whether the experience
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REVIEW ELEMENTS IDENTIFIED BY EXPERIMENT REVIEWERS. EACH COLOR-CODED NUMBER REPRESENTS A DIFFERENT PERSPECTIVE: BLUE FOR
FOOD, RED FOR RESTAURANTS, AND ORANGE FOR REVIEWERS. THE ORDER OF NUMBERS IS THE SAME AS THE ORDER OF APPEARANCE IN A REVIEW.

TABLE III

Participant’s ID Originally described elements | Originally absent elements Added elements by follow-up
suggested by the system interaction
1 11954 911 10911812 15
2 9 1 11128 128
3 891276 341112 11
4 91771 82315 21
5 2110 3411121315 11
6 10 7 15689 670911
7 8 10 13112 1136911 14 15
8 11179 59 1279
9 851 10 11 810 11
10 96 81411314 15 534711 534
11 19227 810 13 15 10
12 1256179 8 10 8 10
13 1 45 76
14 1 3 10 35
15 1235678910 7198 11
16 8 1271 2391113 9
17 12126 89 89
18 82157 32 4 4 10 12
19 12 1 51012 13 915101213
20 126 8910111214 15 12 10 11
21 1 156 156
22 8 11110 37610 6 10
23 91961 121314 15 11151
24 1 7 9 11
25 32511011 18 10 1
26 81 1097 119

of writing a review itself had a more significant meaning than
the desire to write one. Participants without review writing
experience often described elements of their satisfaction in
their reviews. In contrast, reviews from participants with
writing experience less frequently mentioned their satisfaction;
it seemed that satisfaction was not crucial for experienced
reviewers.

Let us focus on the originally described elements. Partic-
ipants with review writing experience included food-related
elements, particularly mentioning taste after an introduction of
the reviewer or context of dining. These participants mentioned
multiple perspectives of dining (i.e., food, restaurant, and
reviewer) in a review, though those with no experience in
writing reviews mentioned a few elements. On the other hand,
reviewers inexperienced in writing reviews tended to describe
fewer elements. Their common perspective of their reviews
was the “reviewer” him/herself. They described how they had
felt the taste and the context of dining without any preambles.
These findings suggested that experienced reviewers could
provide objective and comprehensive assessments in a review;
they would take into account the reader’s experience while
reading the review. In contrast, participants without prior
experience in writing reviews tended to write more subjective
reviews, focusing on their personal feelings.

For added elements after the follow-up interaction, experi-
enced participants in writing reviews improved the review to
include more elements about the restaurant, while elements for
food were less. The review consisting of originally described

and added elements covered all types of perspectives in
restaurant reviews. The inexperienced reviewers also could
improve their reviews by adding some elements absent in their
original ones. It was suggested that the follow-up interaction
could improve the reviews; it seems to be effective for even
experienced reviewers.

2) Timing of dining experience: Originally described re-
views differed between the dining experience and the timing
of writing reviews. It was suggested that participants who
had dined more than two weeks ago focused more on the
restaurant and reviewer perspectives. In contrast, participants
who had dined within a week focused more on “food.” These
results suggested that recent experiences led to more detailed
memories of the food itself, while older memories brought
more about the environment and context for dining.

3) Amount paid: We discuss the experimental results by
focusing on the amount paid at the restaurants mentioned in the
reviews. The tendencies of the reviews were different between
amounts paid less than 2,000 JPY and paid more than 2,001
JPY.

The participants who had paid less than 2,000 JPY often
mentioned elements for food in the original and added reviews.
The participants who had dined economical foods did not
focus on restaurant and user perspectives. It seems that the
important aspect for experiences with economical foods were
food itself. The participants who had paid more than 2,001
JPY mentioned all of perspectives food, restaurant and user;
that is, their review is well organized. It seemed that they
focused on not only foods but also environment and context of
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dining for the experience with expensive costs. These findings
suggested that the payment should not be just for foods, but

for t

he overall dining experience.

VI. CONCLUSION

This study has investigated writing reviews with follow-up
interaction. In this paper, we have set the following research

ques

tions;

RQ 1 What memory challenges do customers face when

detailing a restaurant?

RQ 2 What types of information can be missed in reviews?
RQ 3 Does the follow-up interaction enrich the description

in reviews?

The answers to each research question have been as follows;
Ans. 1 Without differences of experience or not, it is hard

for customers to detail all perspectives of a dining
experience by him/herself.

Ans. 2Perspectives for restaurants and users tend to be

absent. Especially in restaurants with less amount
paid, the customers focused more on taste.

Ans. 3Follow-up interaction as pointing out the absent ele-

ments is effective to revise the reviews in the written
reviews. Adding descriptions enriches reviews from
multiple perspectives.

These answers follow the RQ 1, RQ 2 and RQ 3 that could
not be followed in related works.

In

the future outlook of this paper, we identify several

challenges that need to be addressed to enhance the robustness

and

1y

2)

3)

4)

validity of our research findings;
Validation of the results across broader demographics
and provide more generalizable insights.

« Increasing participant numbers.

Eliminating any biases that could arise from uneven par-
ticipant demographics and heuristically prepared review
elements.

« Balancing participant profiles.

« Resolving empirical basis for review elements.
Detailed analysis of how participants engage with inter-
action prompts for a deeper comprehension of the effects
of interaction models.

o Observation of participant interaction: which
prompts elicit the most informative responses and
how participants navigate the review process.

Developing strategies to handle and accurately process
unclear or suboptimal review inputs.

These steps will significantly contribute to the refinement of

our

experimental design. We believe that the Al-supported

review system ultimately leads to more comprehensive and
informative restaurant reviews that can better serve consumers

and

[1]

restaurant management.

REFERENCES

H. Li, F. Meng, M. Jeong, and Z. Zhang, “To follow others or be
yourself? social influence in online restaurant reviews,” International
Journal of Contemporary Hospitality Management, vol. 32, no. 3, pp.
1067-1087, 2020.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

(16]

[17]

[18]

K. Takahashi, T. Hattori, K. Doman, Y. Kawanishi, T. Hirayama, I. Ide,
et al. “Estimation of the attractiveness of food photography based on
image features,” IEICE Transactions on Information and Systems, vol.
E102.D, no. 8, pp. 1590-1593, 2019.

C. C. Muller and R. H. Woods, “An expanded restaurant typology,” The
Cornell Hotel and Restaurant Administration Quarterly, vol. 35, no. 3,
pp. 27-37, 1994.

R. Di Pietro and A. Milman, “Retention factors of tipped hourly
employees in the casual dining restaurant segment: exploratory research
in central florida,” International Journal of Hospitality & Tourism
Administration, vol. 9, no. 3, pp. 244-266, 2008.

J. Ha and S. S. Jang, “Consumer dining value: Does it vary across dif-
ferent restaurant segments?” Journal of Foodservice Business Research,
vol. 15, no. 2, pp. 123-142, 2012.

J. Kivela, “Restaurant marketing: selection and segmentation in
hong kong.” International Journal of Contemporary Hospitality
Management, vol. 9, pp. 116-123, 1997. [Online]. Available:
https://api.semanticscholar.org/CorpusID:153757243

J. Dziadkowiec and A. S. Rood, “Casual-dining restaurant preferences:
A cross-cultural comparison,” Journal of Foodservice Business Research,
vol. 18, no. 1, pp. 73-91, 2015.

R. B. DiPietro and C. G. Partlow, “Customer expectations of casual
dining restaurants: the case of liberty tap room,” International Journal
of Hospitality & Tourism Administration, vol. 15, no. 4, pp. 376-393,
2014.

C. Peng, A. Bilgihan, and J. Kandampully, “How do diners make
decisions among casual dining restaurants? an exploratory study of
college students,” International Journal of Hospitality & Tourism Ad-
ministration, vol. 16, no. 1, pp. 1-15, 2015.

F. Ali, M. Amin, and K. Ryu, “The role of physical environment,
price perceptions, and consumption emotions in developing customer
satisfaction in chinese resort hotels,” Journal of Quality Assurance in
Hospitality & Tourism, vol. 17, no. 1, pp. 45-70, 2016.

M. C. Ottenbacher and R. J. Harrington, “The product innovation
process of quick-service restaurant chains,” International Journal of
contemporary hospitality management, vol. 21, no. 5, pp. 523-541,
2009.

B. Ahiladas, P. Saravanaperumal, S. Balachandran, T. Sripalan, and
S. Ranathunga, “Ruchi: Rating individual food items in restaurant re-
views,” in Proc. the 12th International Conference on Natural Language
Processing, 2015, pp. 209-214.

J. S. Kang, P. Kuznetsova, M. Luca, and Y. Choi, “Where not to eat?
improving public policy by predicting hygiene inspections using online
reviews,” in Proc. the 2013 Conference on Empirical Methods in Natural
Language Processing, 2013, pp. 1443-1448.

R. Panchendrarajan, N. Ahamed, P. Sivakumar, B. Murugaiah,
S. Ranathunga, and A. Pemasiri, “Eatery: a multi-aspect restaurant rating
system,” in Proc. the 28th ACM Conference on Hypertext and Social
Media, 2017, pp. 225-234.

D. Gribner, M. Zanker, G. Fliedl, M. Fuchs et al., “Classification of
customer reviews based on sentiment analysis,” in Proc. Information
and Communication Technologies in Tourism 2012, 2012, pp. 460—470.
B. Snyder and R. Barzilay, “Multiple aspect ranking using the good
grief algorithm,” in Proc. Human Language Technologies 2007: The
Conference of the North American Chapter of the Association for
Computational Linguistics, 2007, pp. 300-307.

B. Lu, M. Ott, C. Cardie, and B. K. Tsou, “Multi-aspect sentiment
analysis with topic models,” in Proc. 2011 IEEE 11th international
conference on data mining workshops, 2011, pp. 81-88.

Tabelog: https://tabelog.com/ (retrieved: Apr. 25, 2024)

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024.

ISBN: 978-1-68558-163-3

99



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

HD vs. 4K Driven Remote Tower Optical Systems
What is the better Optical Sensor?

Julia Schon, Jorn Jakobi, Sina Felten, Giulia Troyer, Andreas Nadobnik, Tim Rambau & Felix Timmermann

Institute of Flight Guidance, Department Human Factors
German Aerospace Center (DLR), Germany
e-mail: julia.schoen@dIr.de; e-mail: joern.jakobi@dIr.de; e-mail: sina.felten@dlr.de; e-mail: giulia.troyer@dlr.de; e-mail:
andreas.nadobnik@dlr.de; e-mail: tim.rambau@dIr.de; e-mail: felix.timmermann@dir.de

Abstract—The purpose of this study was to investigate the
rationale performance in between of 4K versus Full HD cameras
in the context of a Remote Tower Optical System. Live videos
from operational traffic at a German regional airport were
recorded with both sensor types under different visibility
condition. 23 air traffic controllers and aerodrome flight
information officers compared and rated the different videos
with respect to perceived video quality, detection and
recognition range performance. Results show that, at least in
this setting, in some situations, the 4K camera performs
significantly better than the Full HD camera, but the effects are
small and a clear decision without considering any other
configuration parameters cannot be made unrestricted. The
number of pixels of the sensor for instance is just one of many
other parameters, which have to be considered in order to
provide a well-tuned video stream, which supports an
appropriate detection and recognition rate as well as a high-
quality appearance.

Keywords-HD; 4K; Camera; RemoteTower.

. INTRODUCTION

A. Characteristics of Full HD and 4K Cameras

Remote Tower is a prospering concept to provide
aerodrome Air Traffic Services (ATS) more efficiently. The
out-of-the-window view from the Air Traffic Control (ATC)
tower is captured via video cameras and relayed to a controller
working position in a Remote Tower Center (RTC), which is
located independent of the location of the actual airport. Out
of such RTCs many airports can be operated, which creates
synergies in terms of flexibility, efficiency and cost-
effectiveness. In order to continue to handle the traffic safely
and efficiently as from a conventional ATC tower, the quality
of the video stream is of central importance. Particular
attention is paid to the choice of the best camera sensor. 4K
sensor cameras are increasingly entering the Remote Tower
market, as the latest generations can compensate for the
disadvantages compared to the currently used Full HD sensor
cameras and thus, bring the 4K advantages into focus. But is
the 4K really the better sensor for an Remote Tower Optical
System (RTOS)?

Finally, all is about to find a well-tuned RTOS set-up,
providing an optimal video performance to meet the
operational needs as well as infrastructure and cost

constraints. For that purpose and in accordance to [1], many

“glass-to-glass” (from the sensor lens to the display)

parameters have to be considered, including but not limited to:
e number of pixels (e.g., HD vs 4K),

sensor size,

Field of View (FoV) (set by focal length),

angular resolution (pixel/degree),

color depth,

video compression in terms of maximum bitrate

and bit per pixel

CODEC implementation, e.g., H.264 or H.265,

light sensitivity,

contrast,

video update rate (fps),

network latency,

jitter,

noise,

packet loss,

display resolution,

size of the display and

distance of the display from operator.

The aim of outweighing these factors is to deliver best
possible user experience and the required detection and
recognition range performance by using today’s video
technology [1]. Increasing the performance of one parameter
does not necessarily increase the overall performance of the
entire RTOS. The ideal output is often achieved by wisely
orchestrating multiple parameters. More specifically, it does
not help to rely solely on high resolution (pixel per degree) to
increase detection performance, when other parameters like
light sensitivity or video compression rate do not promote the
higher resolution. Typical parameters to be taken into
consideration are described in the following sub chapters.

1) Sensor Size and Light Sensitivity

4K cameras have four times more pixels than HD cameras,
but often still the same sensor size because the size of the
sensor is limited by the housing size of the cameras. This
results in the fact that a 4K pixel has only ¥ of the area of an
HD pixel at the sensor (Figure 1). The detection capability of
very small details is highly dependent on the number of
photons of this detail, which are reaching the sensor
(Figure 2).
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% inch sensor — HD resolution

% inch sensor — 4k resolution
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Figure 1. Pixel Sizes of HD vs. 4K Sensors.
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Figure 2. Photon Rain on different Pixel Sizes.

A larger pixel size guarantees a collection of a larger
number of photons, which increases the visibility of the
specific detail/object. Therefore, the following general rule to
detect small details apply: The larger the pixel size, the higher
the visibility/detection rate. However, technologies evolve
over the time and from sensor generation to sensor generation
the 4K sensor size increased from 1/2 to 4/3 inches and further
the number of photons needed to detect an object/detail could
be lowered.

This means that newer 4K sensor generations need fewer
photons to detect an object than older sensor generation and
so reaches similar light intensity as the current HD cameras,
but with a four times higher resolution (by the same FoV).

2) Bandwidth and Processing Resources

Due to the circumstance that 4K resolution contains four
times the amount of pixels HD resolution does, using 4K
technology in an environment that requires video processing
would result in the fourfold demand of processing power of
the video processing infrastructure, and thus also in the
fourfold amount of bandwidth required for transmitting the
video data from the camera at the airport to the Remote Tower
center. Today the power needed to process and encode large
4K video streams is provided on System-on-Chip (SoC)
processors, which can cope with this large bitrate demand, but

only up to a certain performance limit, to avoid the
overheating of the processor inside the camera. Such powerful
4K-generation processors with an extended processing power
are relative cheap nowadays, which results into the fact, that
the same powerful processors are used in modern HD cameras
too. Hence, in practice the same maximum processing
performance is facilitated in HD and 4K cameras, resulting in
a very similar performance referring to maximum bitrate and
bandwidth consumption. But the 4K delivers four times more
pixels, thus the bit per pixel rate of the 4K camera is usually
lower. As a consequence, given the same pixel per degree
resolution in between of 4K and HD videos (4K in contrast to
HD with fourfold FoV), the quality of the 4K video is poorer
than the quality of the HD video — it contains more artefacts,
which makes it more difficult to detect specific objects (e.g.,
aircraft) in the 4K image compared to the HD image (see
Figure 3).

However, in practice this effect will usually be
compensated by adapting the FoV of the 4K camera to gain
more pixel per degree (= higher angular resolution) to exploit
the advantage of having the fourfold number of pixels.

3) High Dynamic Range

Current industry standards use High Dynamic Range
(HDR) to improve the detection of moving objects, both in the
sky and on the ground. HDR combines overexposed, ideally
exposed, and underexposed images into one resulting image.
While underexpose images are well suited to detect objects in
the sky, overexposed images are better suited to detect objects
on the ground. Combining these images into one provides an
ideal basis for object detection. Until recently, HDR was a
feature, which was only supported by HD cameras, but by
today is also common standard for 4K cameras.

B. Performance Criteria

1) Detection and Recognition Range Performance

The operator using an RTOS typically is an Air Traffic
Control Officer (ATCO) or an Aerodrome Flight Information
Service Officer (AFISO) who provides ATS to the airspace
and aerodrome user (usually pilots). ATCOs/AFISOs aim for
preventing collisions, organizing and expediting the flow of
air traffic either by granting instructions and clearances or
only by traffic information. For that purpose, on their video
screens they have to have the traffic in sight in terms of
detection and recognition of aircraft arriving and departing
from the airport, in order to monitor landings and take-offs, as
these are the most safety critical flight phases. So, the required

4K Video — Compressed with same Bitrate

HD Video — Compressed with same Bitrate

—\ V| e

Figure 3. Artefacts in 4K vs Full HD compressed video streams with
same pixel per degree resolution.
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performance of the camera(s), which is the crucial part of the
overall RTOS, is mainly driven by what (w.r.t. the object size)
and where (w.r.t. the distance) the operator has to be able to
“see” something to provide the required ATS [1]. Such
operational requirements are aerodrome and use case specific
and are further split into detection and recognition range
performance requirements. The terms are seen in the sense of
Johnson’s definition [2], who distinguished in between of “an
object is discernible by the operator” (detection) and “main
features of the object can be determined, sufficient to discern
its object class” (recognition). Both constructs are crucial
elements of an RTOS and mainly drives its performance
requirements.

Reuschling et al. [3] investigated detection and
recognition range performances by comparing infrared and
visual spectrum cameras in an RTOS context. Also Jakobi &
Hagl [4] applied the EUROCAE [1] strategy to evaluate
detection and recognition range performances in relation to
different video update rates but so far, the detection and
recognition range performances related to 4K sensors
compared to HD sensors has not been investigated
systematically in an RTOS context.

2) Quality of video streams

Another parameter to decide about the performance of an
RTOS performance is the quality of the video stream. There
are subjective and objective assessments methods, but it has
been shown that objective quality assessments, such as Peak
Signal-to-Noise Ratio (PSNR), correlate poorly with
subjective ratings [5]. However, since a subjectively
perceived quality of the video is the method of choice to get
high operational acceptance and values from the operators, a
subjective assessment seems to be more informative. If the
operator is not convinced of the system quality, errors can
emerge by expressed mistrust in the system. Confidence in a
system plays a mediator role in the system reliability [6].
Particularly, flickering and low-resolution streams were
barely accepted in past research [4] [7] [8]. Furthermore,
video quality parameter like noise, color appearance, and
sharp or blurry edges and textures play a role in perceived
video quality.

C. Research Question and Hypothesis

The introduction showed which HD and 4K technologies
can be found today, and what advantages, disadvantages,
opportunities, risks and limitations exist. In a nutshell, today
4K sensor technologies almost equal levels of light intensity
of the HD technology in the range of 0.05 for color images
and 0.01 lux for black-and-white images with an aperture of
1.5. Furthermore, the latest 4K camera models also support
HDR. 4K cameras delivers four times more pixels than a Full
HD sensor, so the FoV of a 4K camera is four times larger
with the same pixel/degree resolution or vice versa, with the
same FoV the horizontal x vertical resolution is four times
larger than a Full HD camera (or a combination of both
parameters). However, standard 4K images are usually
compressed heavier by the internal camera processing, in the
sense of lower bit per pixel rates, which then in turn leads to
poorer image quality (see Figure 3). This effect can probably
be compensated by a higher pixel per degree resolution.

Common RTOS 4K camera settings work with a combination
of slightly higher FoV and a slightly higher pixel per degree
resolution to compensate the poorer pixel quality of 4K
compared to HD cameras to bring the detection range in 4K
footage to a similar or (preferably) to a slightly higher level
compared to the HD footage.

One can therefore postulate that with such typical
configurations the same detection and recognition
performance are to be gained and further, very similar
operator assessments of the video quality are to be expected
in between of 4K and HD technology. The substantive
hypotheses are therefore formulated as follows:

Ho1: There are no differences between HD and 4K
cameras in terms of their detection range performance.

Ho2: There are no differences between HD and 4K
cameras in terms of their recognition range performance.

Hos: There are no differences between HD and 4K
cameras in terms of their perceived video quality.

1. METHOD

A. Participants

Overall goal of this study was the comparison of HD
versus 4K camera technology in the operational context of
ATS provided by ATCOs or AFISOs using an RTOS. Since
detection and recognition of traffic is not only a mere
perception test but also highly affected by the operator’s
expertise and situation awareness, operator experts, being
ATCOs and AFISOs, had to be selected as test subjects for the
experiment. They were recruited directly from airports and air
navigation service providers asking if anyone would be
interested in taking part in such an experiment.

In total 23, two female and 14 male ATCOs between the
ages of 22 and 60 years (M = 36.14, SD = 11.73) as well as 7
male AFISOs between 27 and 66 years (M = 46.67, SD =
15.03), all of German nationalities, participated in the
experiment. 1 male ATCO was excluded from the data
analysis, as the experiment failed mid-way by technical
reasons, resulting in 22 valid participants in the end.

The ATCOs participated voluntarily and they were
compensated for their travel and accommodation expenses
and their working hours. The study was performed in
accordance with the General Data Protection Regulation (EU)
2016/679.

B. Design and Material

1) Camera Specs

The different cameras should prove themselves in
different operational areas of interest, different visibility
conditions and with different aircraft (object) sizes. Three
different network cameras were selected:

o AXIS Q1647-LE (called: “HD”),
o AXIS Q1798-LE (called: “4K-1")
e Sony SNC-VB770 (called: “4K-27)

The first two AXIS cameras are commercial off-the-shelf
cameras and very representative, because they are used by the
Remote Tower supplier industry for today’s RTOS
installations. Both are from the same manufacture (AXIS) and
therefore will serve as well-suited candidates for this study.
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The Sony 4K-2 is an older 4K type from the year 2016, which
was chosen to see how much 4K camera technology has
progressed over the past seven years. All cameras have been
configured by engineers of the supplier industry in the best
possible way as they would be used as one of several fixed
composite cameras to gain a single panoramic image, usually
360°, in an operational implementation. Depending on the
operationally required vertical FoV and the required
pixel/degree resolution, the cameras are positioned vertical or
horizontal ranging from usually 7 up to 16 cameras for a 360°
panorama. Therefore, the camera types slightly vary in
between with respect to the pixel/degree resolution and they
also slightly vary with all other specification and
configuration, since each camera type is tuned in a way to get
a high-quality image and best detection and recognition
performance out of it. TABLE 1. shows the main technical
specifications and settings of the three used cameras HD,
4K-1 and 4K-2.

2) Camera Set up & Selection and Processing of Video
Material

The three cameras were set up at the research airport

Braunschweig-Wolfsburg (EDVE) on the roof of a building at
the German Aerospace Center (DLR) campus, very close to
and in similar height like the operational Tower cabin
(Figure 4). They were attached to an aluminum extruded
profile for easy parallel alignment. The cameras were powered
and networked using Power over Ethernet (PoE). The origin
out-of-the-camera video streams were relayed to and recorded
on a Linux-based file server.

TABLE I. TECHNICAL SPECIFICATIONS AND CONFIGURATIONS OF THE
THREE CAMERAS “HD”, “4K-1”, AND “4K-2”
HD 4K-1 4K-2
Lens F1.4 F1.7 F1.4
HDR yes yes yes
: : 1 % inches
. 1/2 inch 4/3 inches 8
Image sensor size (12.7 mm) (33.0mm)  |(35 mm full
frame)
FoV [p] 1920 x 1080 | 3840 x 2160 | 3840 x 2160
Pl FunHp UHD UHD
FoV [°]| 43°x24° 60° x 33° 54° x 32°
Resolution in pixel
per degree 45 65 68
[ppdeq]
Totalnumber off 70600 | gooad00 | 8204401
pixels
Target frame rate
30 30 30
(fps)
Total number of
pixels per second| 62,208,000 | 248,832,000 | 248,832,001
(pps)
VIdeo| ) 964 High | H.264 High | H.264 High
compression
Max bitrate
[Mbit/s] 50 50 32
Average max bit
per 1000 pix per 804 201 129
camera

Copyright (c) IARIA, 2024.

ISBN: 978-1-68558-163-3

Figure 4. Camera mounting.

Two different viewing conditions (areas of interest) were
decided for: one facing east to capture the Instrumental Flight
Rules (IFR) traffic approaching and landing on runway
(RWY) 26 via its Instrument Landing System (ILS) approach
and the second one facing north to capture incoming Visual
Flight Rule (VFR) traffic, entering the ATC control zone
(CTR) via the mandatory reporting points NOVEMBER 1 and
2. To ensure consistency among the aircraft sizes, the same
type of aircraft was chosen within each camera position. For
the east facing position, a medium sized aircraft Dornier 328,
and for the north view small sized aircraft like a Diamond
Aircraft DA40 and a Piper PA-28 became the matter of
choice. Seven different weather and visibility conditions for
the camera facing east (see Figure 5 to Figure 11 (METAR of
the selected time in brackets)) were decided for.

Figure 5. Opposite Sun (23th April 2023 METAR EDVE 1105502
25009KT 9999 VCSH SCT024 OVCO037 07/04 Q1008=).

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org
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Figure 6. Rain (20" April 2023 METAR EDVE 200550Z 08006KT
050Vv110 9999 -RA SCT008 BKN010 OVC034 05/04 Q1020=).
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Figure 7. Dusk (28" April 2023 METAR EDVE 281850Z 12005KT 8000
BKNO028 11/10 Q1010=).
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Figure 8. CAVOK with Clouds (27" April 2023 METAR EDVE
271550Z VRBO3KT CAVOK 12/M04 Q1020=).
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Figure 9. Significant Clouds (2" May 2023 METAR EDVE 020550Z
28008KT 9000 SCT010 OVC012 10/08 Q1018=).
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Figure 10. Low Visibility (2" May 2023 METAR EDVE 020620Z
30008KT 5000 -DZ BKN005 BKN007 OVC014 10/09 Q1019=).
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Figure 11. Blue Sky (3™ May 2023 METAR EDVE 030550Z VRBO1KT
9999 BKNO035 04/02 Q1029=).

For the camera position facing North opposite sun is not
relevant. Also, low visibility and dusk does not play a role
because the incoming traffic being VFR traffic, which is
exclusively flying under visual meteorological conditions
(VMC), which excludes low visibility and dusk conditions.
Therefore, only three different visibility conditions for the
camera facing north were decided for (see Figure 12 to
Figure 14 (METAR of the selected time in brackets)).

For both camera positions, recordings were gathered over
a period of six weeks lasting from April until June 2023.
Afterwards with the support of historical METAR data [9] the
desired visibility conditions were scanned and watched for
suitable traffic and selected when appropriate.

ey BB e L R = e >

Detection
Gesichtet

Recogﬁition
Erkannt

Figure 12. Sun-yes_clouds-no (13" May 2023 METAR EDVE 130950Z
11012KT CAVOK 19/05 Q1021=).

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org
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Figure 13. Sun-yes_clouds-yes (18" May 2023 METAR EDVE 181450Z
09003KT 020Vv180 CAVOK 15/02 Q1027=).

Figure 14. Sun-no_clouds-yes (22" May 2023 METAR EDVE 221520Z
10008KT 070V130 CAVOK 25/13 Q1012=).

Multiplying the number of cameras with the number of
visibility conditions for each camera position sums up to a
total of 3 x 7 (east) + 3 x 3 (north) = 30 video streams. Each
file was watched individually by the experimenter to capture
the exact moment when the first pixel of the aircraft appeared
in the video in order to set objectively the earliest time, when
something can be detected phenomenologically. When
assessed these time stamps, the distances from the camera to
the aircraft’s position at this time stamp was calculated. For
this purpose, datasets from the OpenSky Network [10] for the
medium sized aircraft and with surveillance data delivered by
the DLR owned local ADS-B/MLAT/FLAM Jetvison
surveillance system [11] in combination with Google Earth
for the small sized aircraft were retrieved. For calculating the
distances for aircraft, formulae like the Pythagorean theorem
[12] were applied in which the very small effect of the
curvature of the earth was neglected to keep it simple. Also,
the altitude of the building (21m), where the cameras were
located on, was discarded for the distance calculation for the
small aircraft due to neglectable accuracy gains.

Besides the video material, corresponding audio files with
ambient aerodrome sound and with all relevant pilot/ATCO
radio communication were retrieved from the long-time
recordings. Finally, the video files were cut and merged with
the corresponding audio files.

As the used 4K camera settings had a greater FoV
compared to the HD camera (see TABLE I. , the 4K FoV

presentation would need a bigger screen, when using a pixel
per pixel presentation. In order to present the 4K and HD
video streams on the same screen in full screen mode, the 4K
videos were cropped to align them to the same size as the HD
videos, yet maintaining the quality and pixel per pixel
presentation.

To process the video material, FFmpeg multimedia
framework [13] was used to cut the videos and merge them
with the corresponding audio files. Also, for cropping the
merged 4K files, the FFmpeg bitstream filter was the matter
of choice. Furthermore, Audacity [14] and the Python module
MoviePy [15] were applied to cut and merge the audio files.

3) Experimental set up

The experiment was set up via PsychoPy [16] and split
into two parts. Part one assessed the test subjects’ detection
and recognition range performance, part two assessed the
perceived video quality. In total the test subjects watched 3 x
7 + 3 x 3 = 30 video streams, whereas the order was
randomized. All videos and corresponding audio files are
presented pixel-true (pixel-per-pixel) in landscape orientation
with Full-HD resolution size of 1920 x 1080 pixels on a 27-
inch display with Quad HD (QHD) resolution of 2560 x 1440
pixel (see Figure 15). Via headset the test person could hear
the ambient sound and the radio communication between
ATCO and pilot.

They were instructed to click the “detection” button via
mouse, when the aircraft was spotted, and secondly, on the
“recognition” button, when the object was recognized as a
medium or small aircraft. When they clicked by mistake, they
could click again because only the last click was considered
for later analysis. In order to avoid learning effects for the test
subjects, the video's starting point of the scene was slightly
different in every video.

After having the aircraft detected and recognized, the test
subject was requested to judge about the general perceived
video quality on a Likert scale ranging from 1 to 5. At last, the
test subjects should rate the legibility of a lettering sign
situated in a distance of 240 m, again on a Likert scale ranging
from 1 to 5. Afterwards, they could click "next" and move on
to the next video stream.

With part two of the experiment, the test subject moved to
a 43-inch display with a 3840 x 2160 (4K UHD) resolution.
On this display video streams of all three cameras (HD, 4K-1
and 4K-2) were presented simultaneously and pixel-true, and
the test subject was instructed to compare the videos against
each other with respect to five different video quality
parameters in the sense of:

Motion: Movements smooth vs. flickering
Noise: noise vs. noise-free

Color: colors bleeding vs. natural

Edges: blurring vs. sharp

Textures: blurring vs. sharp.

Sliders from minimum to maximum without any value
scaling were used. When all five parameters for each of the
three cameras had been rated (5 x 3 = 15 in total), the test
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person could go on to the next three-way comparison out of a
total of 7 + 3 = 10 aircraft approach scenarios (see Figure 16).

Figure 16. Test Subject conducting the perceived video quality evaluation
task comparing three video streams out of the three cameras.

4) Planned Statistical Tests

As the test subjects should undergo all test conditions, a
two-way repeated measures ANOVA were planned to
conduct for both the detection and the recognition rate
performance. Where sphericity is not met, the Greenhouse-
Geisser adjustment will be performed. Following the
recommendation of Bakeman [17], the effect size will be
reported as the generalized eta squared (n?s) [18]. Post-tests
were planned to determine the differences between the
cameras, should they prove to be significant. For each video
quality parameter, a pairwise comparison of the cameras was
foreseen to conducted. This should be done via a paired-
samples t-test. Should the data not meet the necessary
assumptions for ANOVAs and t-tests, nonparametric
solutions were intended to be used. VValues are to be treated as
outliers when they are above quartile Q2 + 1.5*IQR or below
Q1-15*IQR.

I, RESULTS

A. Detection Range Performance

For the RWY26 approaches (cameras facing east) the test
subjects watched video streams from seven different
weather/visibility conditions each with three different camera
recordings, in total 21 in a randomized sequence, and decided
about the detection time, when the DO328 aircraft was
spotted. Figure 17 depicts the detection range performance
distances in a graphical bar chart diagram. Distances are in

8
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distance from camera (nmi)
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Figure 17. RWY26 Detection Range Performance - bar chart statistics for
distances [nmi] via “Cam” and “Weather” condition.

clouds

nautical miles (nmi) from the sensor lens to the aircraft.
Standard deviations are shown as error bars.

To prove for significant differences, a 3 x 7 two-way
repeated measures ANOVA with the two Independent
Variables (IV) “Cam” (3 cameras) and “Weather” (7 different
visibility conditions) and the Dependent Variable (DV)
“distance” revealed a significant result for IV “Weather” but
not for IV “Cam” as it was postulated by hypothesis Ho 1.
However, the main factor effects are hard to interpret since
also the Cam*Weather interaction became significant
(TABLE I1.).

In average, over the different weather/visibility condition
the cameras do not differ with respect to the detection range
performance. However, there are significant differences
between the cameras for each single weather/visibility
condition. TABLE IIl. shows the post-hoc tests differences
and their significance values: Within the IV “Weather”
categories “Opposite-Sun”, “Rain”, “Dusk”, “Significant
Clouds” and “Low Visibility” the detection range
performances differ significantly between the cameras. The
4K-1 is significantly worse in “Dusk” and significantly better
in “Opposite-Sun”, “Rain”, “Significant Clouds” and “Low
Visibility”. Within “CAVOK with Clouds” and “Blue Sky”
there are no significant differences.

TABLE II. 3 X 7 TWO-WAY REPEATED MEASURES ANOVA FOR

DETECTION DISTANCES (DF = DEGREES OF FREEDOM, F = F-VALUE, P =

ERROR PROBABILITY, *** HIGHLY SIGNIFICANT; D= DIFFERENCE; N’s =
EFFECT SIZE ETA SQUARE)

df n df d F p n%s
Cam 2.00 14.00 2.017 0.170 0.027
Weather 1.57 10.97 489.115 0.000 *** 0.965
Cam*Weather 12.00 84.00 6.434 0.000 *** 0.208
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TABLE Ill.  PAIRWISE T-TEST COMPARISON OF THE CAMERAS FOR
DETECTION DISTANCES WITH BONFERRONI ADJUSTMENT (T = T-VALUE;
*%* EXTREMELY SIGNIFICANT; ** HIGHLY SIGNIFICANT; * SIGNIFICANT; D=
DIFFERENCE (NM1); Cl = CONFIDENCE INTERVALL)

P-

Groupl Group2 nl n2 o dr p_ adjusted D 95% CI
Sun

4K-2 HD 12 12 0.0389 11 0970 1.000 0.002 [-0.102, 0.106]

4K-2 4K-1 1212 -44417 11 0.001 0.003 ** -0.292  [-0.437,-0.147]

HD 4K-1 12 12 -47897 11 0.001 0.002 ** -0.294  [-0.429,-0.159]
Rain

4K-2 HD 17 17 -1.1857 16 0253 0.759 -0.073  [-0.204, 0.058]

4K-2 4K-1 17 17  -8.0395 16 0.000 0.000 *+* -0.605 [-0.764, -0.445]

HD 4K-1 17 17  -6.8933 16 0.000 0.000 =+ -0.532  [-0.695, -0.368]
Dusk

4K-2 HD 15 15 00283 14 0978 1.000 0.003  [-0.222,0.228]

4K-2 4K-1 15 15 56031 14 0.000 0.000 *¥* 0.642 [0.396, 0.888]

HD 4K-1 15 15 45887 14 0.000 0.001 =* 0.639 [0.340, 0.938]
CAVOK

4K-2 HD 16 16 -0.0650 15 0949 1.000 -0.018 [-0.610, 0.574]

4K-2 4K-1 16 16 -00314 15 0975 1.000 -0.008  [-0.562, 0.546]

HD 4K-1 16 16 00394 15 0969 1.000 0.010  [-0.524,0.544]
Clouds

4K-2 HD 16 16 -2.0835 15 0.055 0.164 -0.040  [-0.080,0.001]

4K-2 4K-1 16 16 -7.0150 15  0.000 0.000 #0104 [-0.135,-0.072]

HD 4K-1 16 16 -3.1882 15 0.006 0.019 * -0.064  [-0.107,-0.021]
Low Visibility

4K-2 HD 17 17 25877 16 0.020 0.059 0.045 [0.008, 0.082]

4K-2 4K-1 17 17 -50577 16 0.000 0.000 ***  -0.093 [-0.132,-0.054]

HD 4K-1 17 17 -7.2145 16  0.000 0.000 =**  _0138 [-0.179,-0.098]
Blue Sky

4K-2 HD 13 13 -15676 12 0.143 0.429 -0.243 [-0.580, 0.095]

4K-2 4K-1 13 13 -2.1447 12 0.053 0.159 -0.290  [-0.585, 0.005]

HD 4K-1 13 13 -0.1946 12 0.849 1.000 -0.047  [-0.579, 0.484]

The small aircraft approaching via mandatory reporting
point November 1 and 2 (camera facing north) were usually
spotted in 2-3 nmi (TABLE IV. ), but since the aircraft made
a turn downwind at N2 flying west the distances increased
again out of physical recognition range. Figure 18 shows the
approach path of a small VFR aircraft incoming from the
North (cyan line). The red line (from camera to the church of
the village in the north of the airport) served as orientation line
to match times in the video and Google Earth. Further, a
calculated line in yellow, with respect to the first pixel
appearance, is shown.

TABLE 1V. shows the objectively measured detection
distances, when the first pixel appeared. Differences are not
significant, so do not vary over “Cam” or “Weather”.
TABLE V. shows a pie chart matrix for the subjective
detection performance, in which grey symbolizes “detected”,
white symbolizes “not detected”.

There are no main differences in between of the cameras,
just the visibility conditions show severe differences. The
small aircraft was hardly detected in blue sky (Sun-yes /
Clouds-no) but therefore almost every time detected in cloudy
conditions with shaded sun (Sun-no / Clouds-yes). For each
of the three visibility conditions, a Cochran's Q test was
conducted to detect possible camera differences within a
certain visibility condition. Only the test for one of the three
conditions (Sun-yes / Clouds-yes) revealed a significant
camera difference, Q(2) = 11.46, p = 0.003. Descriptively,
detection rates were highest for the 4K-2 camera.

B. Recognition Range Performance

Figure 19 depicts the recognition range performance
distances in a graphical bar chart diagram for RWY26
approaches (cameras facing east). There are significant
differences in between of the “cameras”, in between of the
“Weather” conditions, but also significant interaction effects,
that is, main effects “Cam” and ‘“Weather” cannot be
interpreted unambiguously (see TABLE VI.).

e | Pfad | Poyon | Kes  0#fad | BPoh  |*
Strecke swachen Tves Purktzn om Boden messen

Karteringe: 6,42 Kiometes
Lange am Boden:
Rcht 183,32 Grad

gNovember2 &

«

Figure 18. Approach path of small VFR aircraft from the North.

TABLE IV.  DISTANCES FIRST PIXEL APPEARANCE FOR SMALL
AIRCRAFT APPROACHING FROM THE NORTH

Weather Cam nmi
CAVOK Sun-yes_clouds-no 4K-1 2,74
4K-2 2,18
HD 1,97
CAVOK Sun-yes_clouds-yes 4K-1 3,33
4K-2 3,18
HD 3,66
CAVOK Sun-no_clouds-yes 4K-1 3,37
4K-2 3,46
HD 3,39

TABLE V. PIE CHART MATRIX FOR DETECTION PERFORMANCE FOR
SMALL AIRCRAFT (GREY = “DETECTED”, WHITE = “NOT DETECTED”)
Cameras
4K-1 4K-2 HD
E CAVOK
. Sun-yes @
> Clouds-no
» | CAvOK
i Sun-yes
| Clouds-yes
i CAVOK
t Sun-no
y Clouds-yes

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-163-3

107



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

Recognition mean distance from camera (no outliers) The following boxplots descriptively depict all RWY26
sd as errorbars detection and recognition distances, one boxplot diagram for
&1 each “Weather”, seven in total (Figure 20). The dashed lines

show the objective detection time, pre-assessed by the
experimenter by replaying the video streams back and forth to
objectively decide for, when the first pixel truly appeared.

5 Within the boxplots, there are 50% of all values. The whiskers
show the latest values which are still within 1.5 * interquartile
range (IQR).
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Figure 19. Descriptive bar chart statistics for RWY26 Recognition Range
Performance via IV “Cam” and “Weather”.
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TABLE VI. 3 X 7 TWO-WAY REPEATED MEASURES ANOVA FOR
RECOGNITION DISTANCES 2 |
dfn dfd F p e | | |
Cam 2 10 12,720 0.002 ** 0.136 ‘ | :l
Weather 6 30  29.801 0.000 ***  0.644
Cam*Weather 12 60 5.286 0.000 *** 0224 0
4K-1 4K-2 HD
TABLE VII. shows the post-hoc tests differences and their cam
significance values: Rather identically to the detection results,
the 4K-1 is significantly worse in “Dusk”, but significantly Rain
better in “Opposite-Sun”, “Rain”, “Significant Clouds” and
“Low Visibility”, and “CAVOK with Clouds”. In “Blue Sky”
conditions there are no significant camera differences. ;
TABLE VII.  PAIRWISE T-TEST COMPARISON OF THE CAMERAS FOR
RECOGNITION DISTANCES WITH BONFERRONI ADJUSTMENT (T = T-VALUE,
D= DIFFERENCE; Cl = CONFIDENCE INTERVALL). —
Group | Group2 nl n2 tdf p  p-adjusted D 95% C1 g

Sun —=
4K-2 HD 16 16 60218 15 0.000 0.000 ### 0.436 [0.282, 0.580] [u]
4K-2 4K-1 16 16 -39825 15 0.001 0.004 ** -0.397  [-0.609, -0.184] E
HD 4K-1 16 16 -6.3142 15 0.000 0.000 ®ww -0.833 [-1.110, -0.552] E

Rain o
AK-2 HD 15 15 33314 14 0.005 0.015 * 0211 [0.075, 0.348] (5] R
4K-2 4K-1 15 15 -1.6355 14 0124 0.372 0124 [-0.286,0.039] E detection
HD 4K-1 15 15 -51496 14 0.000 0.000 *** -0.335 [-0.475, -0.195] E

Dusk 2 44 EI recognition
4K-2 HD 15 15 00283 14 0978 1.000 0.003 [-0.222, 0.228] =
AK-2 4K-1 15 15 56031 14 0.000 0.000 #** 0.642 [0.396, 0.888] 8
HD 4K-1 15 15 45887 14 0.000 0.001 ** 0.639 [0.340, 0.938] -

CAVOK o
4K-2 HD 15 15 37923 14 0.002 0.006 ** 0.410 [0.178, 0.643] 4:3
4K-2 4K-1 15 15 05594 14 0585 1.000 0.057 [-0.160, 0.274] —6
HD 4K-1 15 15 -3.0866 14 0.008 0.024 * -0354  [-0.599,-0.108]

Clouds
4K-2 HD 13 13 06653 12 0.518 1.000 0.018 [-0.041, 0.077]
4K-2 4K-1 13 13 -38178 12 0.002 0.007 ** -0.094  [-0.148, -0.040]

HD 4K-1 13 13 -4.1448 12 0.001 0.004 ** -0.112 [-0.171, -0.053]

Low Visibility
4K-2 HD 17 17 47938 16 0.000 0.001 *x= 0.149 [0.083,0.215]
4K-2 4K-1 17 17 -3.8858 16 0.001 0.004 ** -0.119  [-0.184,-0.054]

HD 4K-1 17 17 -58124 16 0.000 0.000 #** -0.268  [-0.366, -0.170]

Blue Sky T T T
413-1 HD 16 16 39000 15 0.001 0.004 = 0482 [0.218, 0.745] 4k-1 4k-2 HD
4K-2 4K-1 16 16 17166 15 0.107 0.321 0.194 [-0.047, 0.435] cam
HD 4K-1 16 16 -2.3452 15 0.033 0.100 -0.288  [-0.549, -0.026]
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Figure 20. Seven Boxplot diagrams for each of seven different “Weather” conditions showing RWY 26 approaches with distances for objective pixel
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C. Perceived Video Quality

1) Results for each Video Quality Category

In part two of the experiment, the test subjects were asked
to judge the perceived video quality in between of the three
simultaneously presented camera video streams via all 10
different weather/visibility conditions (see Figure 16). Their
answers were summed up over the “Weather” conditions and
the cameras “Cam” compared against each other via the five
different video quality categories: “Motion”, “Noise”,
“Color”, “Textures”, “Edges”.

The results are presented descriptively via median
boxplots and by inferential static analysis pairwise t-tests.
When significant differences were gained, it is marked by
stars behind the p-value and in bold letters of the better
performing camera (see Figure 21 to Figure 25 and TABLE
VIII. to TABLE XIllI.).

flickering

smooth
4K 4K-2 HD

cam

Figure 21. “Motion” - Boxplot diagrams with median and IQRs via three
different cameras.

noise-free

0.8

0.6

0.4

noise

4K-1 4K-2
cam

HD

Figure 22. “Noise” - Boxplot diagrams with median and IQRs via three

different cameras.

TABLE VIII.  PAIRWISE T-TESTS FOR CATEGORY “MOTION”
-
Group 1 Group 2 nl n2 t df p  adjusted D 95% CI
4K-2 HD 200 200 1.85 199 0.066 0.199 0.025 [-0.002, 0.051]
4K-2 4K-1 200 200 1.44 199 0.152 0.456 0.017 [-0.006, 0.040]
HD 4K-1 200 200 -0.658 199 0.511 1.000 -0.008  [-0.032,0.016]

TABLE IX. PAIRWISE T-TESTS FOR CATEGORY “NOISE”
p-
Group1  Group 2 nl n2 t df p  adjusted D 95% C1
4K-2 HD 200 200 -3.03 199 0.003 0.008 ** -0.068 [-0.111,-0.024]
4K-2 4K-1 200 200 -580 199 0.000 0.000 *** -0.126  [-0.169, -0.083]
HD 4K-1 200 200 -2.62 199 0.010 0.028 * -0.059  [-0.014, -0.103]
bleeding
.
.
.
0.8
06
0.44
024
natural
4K-1 4K-2 HD

cam

Figure 23. “Color” - Boxplot diagrams with median and IQRs via three

different cameras.

TABLE X. PAIRWISE T-TESTS FOR CATEGORY “COLOR”
p-
Group I Group 2 nl n2 t df p  adjusted D 95% CL
4K-2 HD 200 200 -6.77 199 0.000 0.000 ***  .0.163 [-0.211,-0.116]
4K-2 4K-1 200 200 -1.19 199 0.237 0.711 -0.022 [-0.059, 0.015]
HD 4K-1 200 200 553 199 0.000 0.000 *** 0.141 [0.192, 0.091]
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blurring

sharp
4K-1 4K-2 HD
cam
Figure 24. “Edges” - Boxplot diagrams with median and IQRs via three
different cameras.

TABLE XI. PAIRWISE T-TESTS FOR CATEGORY “EDGES”
p-
Group 1 Group 2 nl n2 t df p  adjusted D 95% CI
4K-2 HD 200 200 -15.00 199 0.000 0.000 F¥* -0.388 [-0.439, -0.337]
4K-2 4K-1 200 200 3.74 199 0.000 0.001 *#* 0.058 [0.028, 0.089]
HD 4K-1 200 200 1640 199  0.000 0.000 *** 0.446 [0.500. 0.393]
blurring H
H
.
§
.
H
084
06
0.4
024
sharp
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Figure 25. “Textures” - Boxplot diagrams with median and IQRs via three
different cameras.

TABLE XII. PAIRWISE T-TESTS FOR CATEGORY “EDGES”
p-
Group 1|  Group 2 nl n2 t df p  adjusted D 95% CI
4K-2 HD 200 200 192 199 0.056 0.169 0.039 [-0.001, 0.080]
4K-2 4K-1 200 200 -6.83 199 0.000 0.000 ***  .0.173  [-0.223,-0.123]
HD 4K-1 200 200 -7.81 199 0.000 0.000 ***  .0.212 [-0.266,-0.159]

2) General Perceived Quality of Video

After watching the 21 videos for the RWY 26 approaches,
the test subjects were asked to rate their general perceived
video quality on each single watched video, without the
chance to compare it with simultaneously presented videos.
TABLE XIIl. shows the pairwise t-tests results and the
respective descriptive boxplot diagram is seen in Figure 26 for
the ratings on a Likert scale ranging from 1 to 5.
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Figure 26. Video Quailty - Boxplot diagrams with median and IQRs
showing the ratings for three different cameras via all 10 weather/visibility
conditions and all video quality categories.

TABLE XIIl.  VIDEO QUALITY FOR THREE CAMERAS - PAIRWISE T-TESTS
>

Group 1 Group 2 nl n2 t df p  adjusted D 95% CI

4K-2 HD 126 126 333 125 0.001 0.003 ok 0.294 [0.119, 0.468]

4K-2 4K-1 126 126 -2.15 125 0.033 0.100 -0.206 [-0.017,-0.396]

HD 4K-1 126 126 -5.10 125  0.000 0.000 -0.500 [-0.306, -0.694]

Two of the camera-pairwise comparison became
significant, the 4K-1 and the 4K-2 are rated significantly
higher than the HD camera.

3) Readability of the Lettering sign
With each of the 3 “Cam” x 7 “Weather” = 21 RWY26
approach videos, the test subjects were asked to judge the
readability of sign lettering 240m away from the camera on a
5-point Likert scale. See TABLE XIV. and the respective

descriptive boxplot diagram Figure 27.
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Figure 27. Lettering Sign Readability - Boxplot diagrams with median and
IQRs via three different cameras for over all seven RWY26
weather/visibility conditions”.
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TABLE XIV. PAIRWISE T-TESTS FOR “SIGN READABILITY
p-
Group | Group 2 nl n2 t df p  adjusted D 95% CI
4K-2 HD 126 126 18.6 125 0.000 0.000 *** 1.440 [1.290, 1.600]
4K-2 4K-1 126 126  -036 125 0.723 1.000 -0.040  [0.182,-0.261]
HD 4K-1 126 126 -12.0 125 0.000 0.000 *** -1.480 [-1.240,-1.730]

Both 4K cameras are significantly better in readability
than the HD camera.

IV. DISCUSSION OF THE RESULTS

The overall goal of the study was to compare the
performance of 4K vs. Full HD cameras in an RTOS
environment, focusing on detection and recognition range
performances, and the subjectively perceived video quality.

With respect to “detection”, results did not show a
significant effect on the main factor “Cam”, but only on the
“Weather” factor and on the “Cam x Weather” interaction.
Therefore, hypothesis Ho 1 will not be rejected, saying: “There
are no differences between HD and 4K cameras in terms of
their detection range performance”. However, in dependence
on the “Weather” conditions there are significant differences
between the cameras, even when the effects are rather small.

For instance, in “Rain” and in “Low Visibility”, the 4K-1
is better than the HD camera, but, on the other side, much
worse in the “Dusk” condition. The older generation 4K-2
camera often performs in between of the 4K-1 and HD
performance. The same result pattern occurred with the
detection of small aircraft from the North: There are no
significant differences in between of the cameras over all
“Weather” conditions.

With respect to “recognition”, there too is a significant
main effect on “Weather” but also on “Cam” and its
interaction, which makes the main effect “Cam” hard to
interpret. Therefore, also Ho cannot be rejected and will be
retained, saying: “There are no differences between HD and
4K cameras in terms of their recognition range performance”.
Again, there are significant differences in between of the
cameras under the different “Weather” condition, saying,
quite often the 4K-1 shows the better performance but also the
HD has its advantages (see TABLE VII.).

Finally, Hos states that there are no differences between
HD and 4K cameras in terms of their perceived video quality.
Except for the Motion category, where no significant
differences could be found, which would not have been
expected, since all cameras operated with the same video
update rate of 30fps, the 4K cameras always performed
significantly better than the HD. The 4K cameras are
perceived to be sharper in terms of textures and edges, with
more color fidelity and lower noise. Ho is therefore rejected
and the alternative hypothesis is to be assumed stating: “4K
cameras in this setting deliver a better perceived video
quality”. This decision is supported by the two further tests in
which the test subjects were asked to generally assess the
quality of the video, and also to assess the readability of a
lettering sign 240m away. In both tests, the 4K cameras
performed significantly better than the HD camera.

How can this result pattern be explained and what
conclusions can be drawn for future implementations of an
RTOS? As postulated in the three hypotheses, based on the

technical performance and configurations of 4K and HD
cameras used in this study, no tremendous performance
differences were assessed, even if the 4K cameras were able
to show significant advantages in some situations and with the
perceived video quality. On the technical performance level,
both (putting the old generation 4K-2 camera aside), the HD
and 4K-1 camera, deliver at 50 Mbps max bitrate. By the
chosen FoV, the 4K delivers 65 pix/°, the HD only 45 pix/°,
saying, the 4K therefore has a higher angular resolution, but
possibly loses this advantage again because the 4K has four
times more pixels to deliver, which cannot be delivered with
the same bit per pixel rate like the HD can do, because, in
average, with a maximum bitrate of 50 Mbps, the 4K can
process 1000 pixel with 200 bits, the HD instead up to 800 bits
per 1000 pixel (see TABLE I.). These contrasting effects of a
higher ‘angular resolution’ and lower ‘bits/pix*10*" rate
probably compensate each other and detection and recognition
rates are rather similar in between of 4K and HD, with slight
advantages for the 4K in this experiment setting (TABLE I).

On the other hand, an RTOS typically delivers a 360°
panoramic video stream with multiple cameras arranged in a
circle and sums up the horizontal FoV of each camera into an
overall 360° panorama. In our setting, with a 4K horizontal
FoV of 60°, at least six (better seven cameras including some
overlap needed when the streams get stitched to each other),
and with the HD FoV of 43° at least nine cameras would be
needed for a full 360° panorama video stream. With a
maximum data stream of 50Mbps per camera, the nine HD
cameras would consume 450Mbps, the 4K panorama just 7 x
50Mbps = 350Mbps. The bandwidth needs for HD panorama
would be much higher, and thus the costs. However, both,
450, but also 350Mbps would be much too much and/or
expensive for most prevailing infrastructures. The data
streams have to be further compressed, down to a typically
used maximum of 100Mbps (depending on the prevailing
infrastructure and other constraints, often it is even less). To
achieve this the HD panorama stream has to be compressed
much more than the 4K panorama stream, factor 4.5 compared
to 3.5. It cannot be stated directly what comes out of it because
this panorama setting has not been tested but one would
assume that the performance of the HD will continue to lose
out compared to 4K panorama solutions. Furthermore, in this
setting, the vertical FoV of the 4K is slightly higher, 33° for
4K and only 24° for the HD panorama, which would be
another advantage for the 4K solution.

It is further to be noted that when transmitting more (up to
four times more) pixels and if these pixels are to be presented
pixel by pixel (pixel-true), more displays or higher resolution
displays (typically 4K instead of HD) are needed. Since the
pixels become smaller with more pixels presented on the same
display size, the controller also has to move closer to the
displays in order to resolve the presented pixels with the
human eye resolution of approx. 60pix/°. With a 4K 27-inch
display for instance, the eye distance from the display must
not be greater than 53 cm, which becomes a challenging factor
for the design of an RTOS working position.

The bottom line is that 4K is probably the better
alternative. Even when the single sensor is slightly more
expensive (by about 25%), energy-intensive with a smaller
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bit/pixel ration, the 4K offers on the positive side a better ratio
of FoV and angular resolution, a slightly better detection and
recognition performance, and a better perceived video quality.
Further on, in a 360° panorama compaosition fewer cameras
are needed, which compensates costs and energy consumption
and improves the bit/pixel ratio compared to the HD solution.

V. CONCLUSION & OUTLOOK

In a nutshell, what is the better optical sensor for an RTOS,
4K or HD? Based on the current state of the art technology,
there is no 100% clear answer. When comparing individual
4K and Full HD cameras, the measured performance
differences in this setting were rather marginal. Although this
study revealed slight advantages for the 4K camera, the
advantages depend very much on the weather/visibility
conditions and the camera settings chosen. The selected
settings of the individual cameras in this comparison were
chosen as they would be used in a 360° RTOS video
panorama. In such a 360° composition of several individual
cameras it is to be expected that the slight advantages of 4K
technology would become even more apparent.

All cameras under investigation in this study facilitated the
same codec H.264. More modern codecs like H.265 or AV1
allow higher max bitrates and thus could improve the overall
quality of the video streams. On the other hand, the encoding
principles of modern codecs tend to eliminate small details.
This could even lead to a reduction of the detection
performance compared to H.264. The influence of codec and
bitrate needs to be investigated in a separate study.
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Abstract—The development of Human-Machine Interfaces
(HMIs) capable of visualising real-time processed data from
robotic systems is of essential importance today. These graphical
user interfaces play a crucial role in the smooth and efficient
interaction between humans and robots, resulting in a signif-
icant improvement in the productivity and safety of various
industrial and scientific applications. In this context, the present
work addresses the design and development of an innovative
human-machine interface for real-time 2D Light Detection and
Ranging (LiDAR) based Simultaneous Localization and Mapping
(SLAM). Such interface has been implemented in MATLAB and
establishes an effective communication with the Robot Operating
System (ROS) environment. Its straightforward design, planned
for real-time teleoperation, facilitates the acquisition and analysis
of data from sensors and actuators of a robotic system. The real-
time processing of the data supports computationally expensive
tasks, such as those associated with SLAM processing. Indeed,
feature extraction for environment mapping from 2D LiDAR data
is one of its applications.

Keywords-Human-Machine Interface (HMI); Light Detection
and Ranging (LiDAR); Simultaneous Localization and Mapping
(SLAM); teleoperation.

I. INTRODUCTION

The development of Human-Machine Interfaces (HMIs)
capable of visualising real-time processed data from robotic
systems represents a major milestone in the evolution of au-
tomation and robotics. Advances in these fields have led to the
creation of autonomous robots capable of navigating complex
environments, making their own sensor-based decisions and
completing specific missions without the need for constant
human supervision. The level of autonomy of a robot is
intrinsically related to the level of human intervention [1].
Even robots with a high degree of autonomy may require
human guidance in dangerous or unknown situations, where
human criterion and expertise cannot yet be replaced. It is in
the face of critical events [2][3][4], such as remote medical
care, disaster response and inspection of hazardous infrastruc-
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ture, where the development of graphical user interfaces for
teleoperation becomes essential.

HMI allows human operators to interact with the robot
in a seamless way, as well as to monitor and control the
robotic system effectively [5]. Moreover, these interfaces can
contribute to the early detection and resolution of problems or
challenges that may arise during robotic operation, resulting
in increased efficiency and safety levels [6]. Furthermore,
they are particularly valuable in environments where rapid
and accurate decision-making requires fast processing of large
volumes of data. This environmental information stems from
the sensors available to each robotic system. Most robotic
platforms can be programmed in Robot Operating System
(ROS) environment, which may be complex for users without
prior experience in robotics. In this sense, the implementation
of robotic systems that use technologies such as Light Detec-
tion and Ranging (LiDAR) based Simultaneous Localization
and Mapping (SLAM) to capture data from the environment,
or communication through ROS, has generated a growing
demand for graphical user interfaces capable of managing and
visualising this data in real time.

Our work focuses on the design and development of an HMI
capable of controlling a LIDAR SLAM robotic system in real
time while ensuring seamless communication between ROS
and MATLAB. The graphical user interface we propose is
simple and intuitive for the user compacting the visualisation
of the raw data from sensors, the data processed in ROS as well
as the data processed in MATLAB. It is accessible from any
PC and, most importantly, enables the visualisation of signals
in real time. This paper is organized as follows: Section II
provides a review of related work. In Section III, the robotic
system is described. SLAM methodology is defined in Section
IV. Section V contains the details of our HMI. In Section VI,
HMI experiments are presented. Finally, conclusions are to be
found in Section VII.
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II. RELATED WORK

HMIs are more complex than mere control panels. They
provide a virtual window through which operators can view
and interact with the environment. These interfaces must be
intuitive and efficient, as any delay or confusion in communi-
cation could result in major consequences.

The healthcare sector serves as an example of a highly
demanding environment. Surgeons can teleoperate surgical
robots as long as they have access to acceptable real-time
image and data. Advances in HMI technology significantly im-
prove the accuracy and safety of medical procedures [3][7][8].

The exploration of hostile environments is another area
where the teleoperation of robotic systems simplifies human
tasks. Many robots are used in search and rescue (SAR)
missions [9][10]. In such situations, robots can perform tasks
that are dangerous or inaccessible to human operators.

In the industrial domain [11][12], LiDAR or camera-
equipped robot teleoperation for tasks such as mapping and
inspection benefits greatly from data processing and analysis
capabilities. This facilitates decision-making and monitoring
of operations in real time, improving efficiency and safety in
production environments.

The ability to process and visualise data in real time is key
to the success of teleoperation. In this context, the integration
between ROS and different programming environments, such
as MATLAB, plays a crucial role. ROS provides a solid plat-
form for robot control and perception, while MATLAB offers
powerful signal processing and data analysis capabilities. The
effectiveness of the combination of both systems has been
demonstrated in several case studies [13][14][15]. Indeed, our
HMI proposal integrates ROS and MATLAB. The objective of
this work is the development of bidirectional communication
between the robotic system and the human operator, featuring
real-time processing of sensor data and movement commands.
Unlike other graphical interfaces, the proposed HMI focuses
on the visualisation of SLAM data, in particular the key
points extracted from the 2D LiDAR sensor of the mapped
environment. In addition, our HMI displays the data processed
in different environments, here ROS and MATLAB, in real
time.

III. ROBOTIC SYSTEM

The robotic system used in this work is responsible for
performing SLAM tasks. It creates a two-dimensional map
of the environment in which it operates, while simultaneously
determining its precise position.

All experiments have been carried out with 4WD Rover
Zero 3, developed by Rover Robotics. The robot is shown in
Figure 1, along with the sensors used for the characterisation
of the surrounding environment. For visualisation purposes,
the camera Intel® RealSense™ D435i has been employed. An
omnidirectional 2D LiDAR sensor has been used for mapping
and positioning tasks in real time, namely RPLiDAR S2 from
Slamtec. The signals from the sensors are processed by the
Intel NUC10i mini PC located on board. Obtained data is
analysed in real time using the ROS framework. The robot

is remotely controlled from a virtual joystick implemented in
the designed HMI.

Figure 1. Teleoperated robotic system used in SLAM experiments.

Both the robotic platform and the external PC running the
HMI are connected to the same network via WiFi. Information
exchange between both systems, represented by dashed arrows
in Figure 2, is thus allowed.

IV. SLAM METHODOLOGY

Our robot is designed to perform real-time mapping and
positioning tasks using SLAM technology. This involves col-
lecting data from sensors, camera and LiDAR, to build a map
of the environment. At the same time, it uses this data to
estimate the position and trajectory of the robot within the
map. Since these tasks require large processing power, part of
the computational load is delegated to MATLAB. This leads
the HMI to play a key role in the acquisition and visualisation
of sensor data, ROS data as well as MATLAB data allowing
the robot to make informed decisions and navigate in a
guided manner in real-time within its environment. The system
architecture and the flow of information between the different
system components is shown in Figure 2.

A. LiDAR SLAM

The map and the trajectory followed by the robot are
obtained in real time by means of Google’s Cartographer
[16]. It runs on the ROS framework of the mini PC that
is integrated in the robotic system. This algorithm works
with submaps to facilitate information processing. As the
robot moves, Cartographer gradually adds the LiDAR sensor
readings to the last generated submap [17].

B. Feature extraction

Mapping any environment generates a large volume of
information. The current trend in SLAM processing is to
reduce this raw data to a set of characteristics that define
the mapped profile [18]. In structured environments [19],
it is very common to use extraction techniques that focus
on identifying key features such as straight sections, curved
sections and corners. These features are essential to understand
and properly represent the geometry of the environment.
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Figure 2. System Architecture Diagram.

The profile under study is structured. Therefore, we will
extract its corners in real time from the current LiDAR scan.
This part of the process is performed on MATLAB. We use
Weighted Conformal LiDAR-Mapping (WCLM) [20] for this
purpose. This methodology allows for the extraction of corners
while determining their uncertainties, using the data provided
by a 2D LiDAR sensor (distance p and angle 6).

From the readings x; and y; corresponding to each point of
the mapped profile, the coordinates x¢ and yg defining each
straight line in the inverse domain (1) can be extracted [20].

Z‘Q~Xi—yQ~yi=1 (1)
The expressions for g and y¢ are (2) and (3), respectively.
:fé =

(O wis) (O, wiy?) — (00, wiys) O wiways) — (2)
(s wir?) (3 wiy?) — (X wiziyi)?

yo =
(> U’iw?) (> wz’y?) -2 wimiyi)Q

Where the weighting factor is w; = while o,

o op(pog)?’
and oy are the uncertainties in distance and angle of the laser
rangefinder, respectively.

The covariance matrix C can be obtained as follows [20].
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Once the parameters x¢g and yq of the straight lines and
their uncertainties are known, the corner coordinates of the
mapped profile z. and y,. can be extracted following equations
(6) and (7), respectively.
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The covariance matrix of the corners is defined by (8).

V””Qi C’zyQi 0 0
- \%4 0 0
Cc - Jc gQi %Qi V. . J(T (8)
TQit1 TYQit1
0 0 TYQit1 YQit1

Where J, is the Jacobian matrix of corner parameters with
respect to line parameters x¢g and yq.

V. HMI MODEL

The aim in the design and development of the HMI is
to facilitate the control of a SLAM robotic system using
2D LiDAR technology. This interface is designed to perform
this function in different indoor environments, whether in
industrial, domestic or similar contexts. Its design should be
intuitive and accessible to a wide variety of users, even those
without previous experience in handling ROS based systems.

Real-time bidirectional communication between the human
operator and the robotic system must be facilitated by this
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interface. This communication has to be smooth and efficient
facilitating users’ decision making. As all data from the
sensors is processed in ROS, information must be transferred
to the interface. In this way, it is available to the user without
having to directly access ROS. For this purpose, we have
chosen MATLAB R2023a as the programming environment
for the design and development of both the interface and the
processing of the signals from ROS.

A. HMI Design

The interface we propose has been entirely designed using
MATLAB’s App Designer. One of the main advantages of
using this environment is the ability to generate standalone
applications that can be run outside MATLAB. This allows the
interface, once designed, to be exported as an independent ap-
plication using MATLAB Compiler. The generated executable
can be installed on any device and is compatible with a wide
variety of operating systems, the main ones being Windows,
Linux and macOS. This makes our HMI an accessible interface
for any user.

The resulting graphical user interface is presented in Figure
3. This interface has been carefully designed to provide an
intuitive and efficient user experience. Other designs such as
[15] were tested but the proposal presented below extends
the functionalities of the interface, provides more information
by displaying features extracted from 2D LiDAR data in real
time with a more compact visualisation. It is divided into five
sections as each one defines a specific functionality of the
application, see Figures 2 and 3.

1) Toolbar: This section provides quick access to the
key functions of the application. These functions include the
display of previously stored data, the possibility to perform
delayed analysis and the ability to save processed data.

2) System Communication: In this section, users can con-
figure the communication between ROS and MATLAB pro-
viding the robot’s IP address.

3) Visualisation of Sensor Data and ROS Data: A signif-
icant part of the interface is dedicated to the visualisation of
raw data as well as the data processed in ROS. This includes
the real-time transmission of the camera information, as well
as the Geographic Information System (GIS) representation
of the map and the path followed by the robot, which are
generated by the mapping algorithm Cartographer. These
visual elements provide the user with a clear and complete
representation of the robot’s environment.

4) Visualisation of LIDAR Data Processed: Another essen-
tial function of the application is the LiDAR data analysis area
where the WCLM algorithm detects the corners of the mapped
environment. Here, the interface allows visualisation of the
LiDAR data processed directly in MATLAB. This involves
the extraction of the corners that make up the environment
and the subsequent reconstruction of the profile using this
information. This real-time LiDAR data analysis is a valuable
feature that allows users to obtain detailed information about
the surrounding environment.

5) Remote Control: A virtual joystick has been incorpo-
rated in the centre of the interface. This interactive component
allows users to send movement commands to the robot in an
intuitive and precise way.

Real-time updating of the user interface has been one of the
challenges faced both in the design of the interface and in the
work in general.

B. Signal Processing

One of the main milestones of this work is the ability
to process data from the sensors and send instructions to
the robot in real time. This is possible through MATLAB’s
ROS Toolbox. This tool allows communication and interaction
between MATLAB and ROS. In this case, it allows for the
implementation of the WCLM algorithm [20] in MATLAB
with the LiDAR data from ROS.

The main objective is being able access to the available
topics in ROS from the HMI. In this way, messages can be sent
and received between both systems. Among the wide variety of
options offered by the ROS Toolbox, we will focus on initiating
communication with ROS, subscribing to the fopics of the
sensors and Cartographer, publishing in the topics related to
the control of the actuators and closing the communication.

The first step is knowing the IP address of the robot in
order to establish communication from the interface. Once
the connection to the ROS Master has been initiated, the
information from the camera, the LiDAR sensor and the map
and trajectory data can be accessed by subscribing to the fopics
that host these messages. Movement commands to the robot
are published in the topic designated for this purpose. Finally,
when the exploration is completed or the HMI is closed, both
systems are disconnected.

VI. EXPERIMENTAL RESULTS

The 4WD Rover Zero 3 robot was employed in the
experiments, which involved mapping the corridors on the
ground floor of the Technological Building of the School
of Industrial, Computer and Aerospace Engineering of the
University of Leén. This research addressed several aspects.
First and foremost, we sought the effective visualisation of
the resulting map on GIS. In second place, we evaluated the
effectiveness of the bidirectional communication between the
robot and the Human Machine Interface used in the study.
Third, a calculation process of the uncertainties associated to
the measurements was launched.

The first step was to analyse the data processed in ROS from
Cartographer. In Figure 4, the map can be seen in yellow, and
the trajectory followed by the robot, in blue. This information
is represented by MATLAB on a satellite image provided by
Google. This Cartographer-generated map is built as the robot
moves through the environment. Please note that the robot is
teleoperated from the HMI, which sends instructions in real
time. A human operator makes the movement decisions based
on the data stream from the camera.

The fluent real-time communication between the two sys-
tems, i.e., the robot and the HMI, results in an efficient inter-
action between the operator and the robot. This constant flow

Courtesy of IARIA Board and IARIA Press. Original source: ThinkMind Digital Library https://www.thinkmind.org

Copyright (c) IARIA, 2024. ISBN: 978-1-68558-163-3

117



ACHI 2024 : The Seventeenth International Conference on Advances in Computer-Human Interactions

 WCLM - ROBOT
Import Data Help

Camera - D4351

EASLVENSR G

Robot's IP Adress 192.168.213.167 ON
|| Pause g

@ ROS Connection: GK
OFF

GIS

® ® 42°3653'N
WCLM - Corner Detection . .
42°3652.5°N
6 L] [}
4 @ ©
) S arsesN
®
0 1
— 2
E 42°3651.5°N
= 4
-6
E i > >
8 42°3651°N /
" m;\’ R A o
- 2] -
5 0 5 10 5TA4W
*[m] Longitude

Figure 3. Human-Machine Interface for industrial robot teleoperation.
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Figure 4. Map (yellow) and trajectory (blue) followed by the robot during the
mapping of the Technological Building of the School of Industrial, Computer
and Aerospace Engineering of the University of Ledn.

of information benchmarks one of the fundamental aspects of
this work: the efficiency of bidirectional communication. This
has been noted by several users, who also indicated an intuitive
interface.

Since Cartographer does not provide us with the uncertainty
levels for each point on the map, we have extracted the features
of the environment mapped by the LiDAR sensor. For this
purpose, the WCLM method proposed by Prieto-Ferndndez et

al. [20] is used. Following this methodology, it is enough to
have the LiDAR measurements and to know the uncertainty
of the sensor used to determine the coordinates of the corners
and their uncertainties. According to the information provided
by the manufacturer, its angular resolution is (o9 = 0.12/2°),
and its depth accuracy (o, = £5 cm).
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Figure 5. WCLM for corner extraction for position A. The LiDAR data is
presented in pink, corners are highlighted in black and sensor position in blue.

Figures 5 and 6 show the same corridor of the Technology
Building mapped from two different positions, which allows
to observe how the uncertainty of the same corners varies
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Figure 6. WCLM for corner extraction for position B. The LiDAR data is
presented in pink, corners are highlighted in black and sensor position in blue.

according to the acquisition point. The measurements were
taken from the point marked in blue, the mapped profile is
represented in pink and the corners obtained by the WCLM
method are highlighted in black.

TABLE 1
WCLM CORNER DETECTION AT POSITION A
Corner zc [m] | ye [m] 0z, [mm] | oy, [mm]
1 -1.500 -0.948 18.040 3.816
2 -0.808 -1.675 19.345 11.250
3 0.888 -1.664 19.455 11.350
4 1.549 -0.933 19.579 8.236
5 3.530 -1.018 28.563 4473
6 5.384 -1.109 28.535 19.950
7 5.427 -0.874 29.045 5.182
8 6.896 -0.860 27.371 7.634
9 6.685 -0.752 21.567 16.372
10 6.745 -0.299 24.151 12.443
11 6.788 -0.286 30.484 15.737
12 6.771 -0.122 30.117 23.151
13 6.971 0913 22.910 18.326
14 7.052 0.951 30.833 17.280
15 6.956 1.059 45.764 14.571
16 1.520 1.087 16.943 3.901
17 0.834 1.836 18.108 10.170
18 -0.861 1.795 20.021 11.556
19 -1.525 1.066 21.029 10.480
20 -2.038 1.063 27.201 9.364
TABLE II
WCLM CORNER DETECTION AT POSITION B
Corner zc [m] | ye [m] 0z, [mm] | oy, [mm]
1 -6.921 -0.919 29.243 13.652
2 -3.261 -0.943 19.219 2.340
3 3.233 -1.027 23.780 2.168
4 3.304 -0.735 13.786 143.877
5 3.335 0.707 11.264 112.222
6 3.263 1.002 35472 2.791
7 -6.921 1.109 26.825 12.249

The data presented in tables I and II includes the Cartesian
coordinates of these corners as well as their uncertainties.

Uncertainty levels are found to be intrinsically related to
the number of points that delimit each corner. This relation-
ship is explained by the fact that the corners are generated
from the intersection of straight sections, and the number of
points involved in the calculation of these straight sections
significantly influences the uncertainty of the resulting corner.
Matching corners on both maps are highlighted with the
same colour in both tables. Please note that the same point
may have different uncertainty levels in each map. This is
due to the relative distance between corner and sensor in
each scenario. In the case of red and green labelled corners,
position A is characterised by the sensor being closer to these
corners, which leads to higher data availability for position
calculations, thus resulting in a lower uncertainty compared to
position B. The case of the yellow corner is inverse: at position
B, a larger amount of information is available compared to
position A, resulting in a lower uncertainty.

These observations show the influence of the relative lo-
cation of the sensor with respect to the objects of interest
on the accuracy and uncertainty of the measurements. The
reliability of the results is found to strongly depend on careful
consideration of the position and layout of sensors.

VII. CONCLUSION

This work addresses one of the key challenges in signal
processing within robotic systems focused on 2D LiDAR
SLAM. The developed graphical user interface enables remote
analysis and bidirectional communication in real time with
the robot, thereby enhancing control and decision making
capabilities and broadening application range into a variety
of industrial and scientific contexts.

The main achievement of the HMI is its ability to control
and monitor the robotic system both in real time and deferred
scenarios while visualising the data processed in different
environments, ROS and MATLAB. The latter endows the
interface with multidisciplinary versatility, allowing users to
generate their own data analysis code outside of the ROS
environment. It facilitates the collection, visualisation and
storage of such information for further processing, which is
particularly valuable in research and development environ-
ments.

We can conclude that the resulting HMI meets the initial
objectives. It is an intuitive and efficient interface, aimed at
a wide range of users. Versatility is coupled with accesibility,
since multiple platforms are supported and MATLAB is not
required on the end device, turning the resulting product into
a plug-and-play commodity for any user.
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Abstract—The purpose of this study is to elucidate the
surface skin blood flow dynamics during muscle contraction
using real images with filters that pass near-infrared
wavelengths. It has been shown that the depth of
transmission differs depending on the RGB color
components. In the previous study, it was suggested that the
blood flow state obtained from the R-B component value,
which is the difference between the deepest R component
value and the shallowest B component value, may be used as
one of the evaluation indices of muscle activity. However, the
use of the near-infrared light component, which has a deeper
penetration depth into the subcutaneous region than the
RGB light component, has not yet been examined in this
method. The near-infrared light component has a possibility
to measure the blood flow state inside the subcutaneous
tissue with high accuracy, because the light penetrates
deeper into the subcutaneous tissue than the RGB light
component. Therefore, in addition to the RGB light
components used in the conventional method, a visible light
camera equipped with a filter that transmits wavelengths
above the near-infrared light component is used. In the
experiment, a load equivalent to 40% of Maximum
Voluntary Contraction (MVC) was applied to the subject's
upper arm. The subjects were kept in a resting state, and
then the load was applied to their arms and they were kept
in a resting state again. As a result, the R component values
with the filter showed a larger change than the R-B
component values without the filter when the load was
applied. This result indicates that the R-B component with
filter can capture the changes in blood flow more easily than
the conventional method.

Keywords- Real image, muscle, Filter, Blood Flow.
I. INTRODUCTION

Assessment and estimation of autonomic nervous
activity, which changes in response to situations such
as fatigue and concentration, can help humans to lead a
comfortable life. It has been shown that autonomic
nervous system activity affects blood flow. The
methods to measure changes in subcutaneous blood
flow include evaluation using thermal images of the
face using an infrared thermography camera and
evaluation using real images using a visible light
camera such as a web camera. In particular, the real
image method can be used for various applications
because it does not require any special equipment for
measurement.

Various studies have been conducted on the method
using real images, and it has been clarified that the
depth of transmission of each color component of

visible light (RGB) to the skin differs depending on the
color. Using this property, it has been suggested that by
focusing on the R-B component values, it may be
possible to obtain the state of peripheral blood flow and
evaluate autonomic nervous system activity [1]. It was
also suggested that the blood flow state obtained from
the R-B component values could be used as one of the
evaluation indices of muscle activity that enables the
estimation of muscle fatigue. However, these methods
have not yet investigated the use of the near-infrared
light component, which has a deeper penetration depth
into the subcutaneous region than the RGB light
component.

In this study, we will examine whether a visible
light camera equipped with a filter that transmits
wavelengths near the wavelengths of near-infrared light
that can be acquired can be used to measure
subcutaneous blood flow in the biceps brachii muscle
with high accuracy and to evaluate muscle activity.

II. PROPOSED METHOD

The near-infrared light component penetrates deeper
into the subcutaneous tissue than the RGB light
component, and thus has the potential to measure the
state of blood flow inside the subcutaneous tissue with
high accuracy. For this reason, in addition to the RGB
light component used in the conventional method, a
new visible light camera equipped with a filter that
transmits wavelengths above the near-infrared light
component is used. We will evaluate the possibility of
highly accurate measurement from the RGB light
component and the RGB light component of the camera
equipped with the filter.

II. EXPERIMENT SUMMARY

Before the experiment, green tape was applied to the
subject's upper arm so that it formed a rectangle, and the
analysis area was limited to the green tape. During the
experiment, two smart phones were placed in a position
where the rectangle formed by the green tape and the entire
area from the subject's wrist to the shoulder were captured
by an external camera.

In order to obtain data during muscle contractions that
cause significant changes in epidermal blood flow,
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isometric contraction experiments were conducted to
minimize the effects of noise generated by body
movements. First, the subject's Maximum Voluntary
Contraction (MVC) was measured to identify the location
of the platform; MVC was measured three times for 10 s.
MVC was calculated by measuring muscle forces at 2, 5,
and 8 s and averaging them.

Next, using the calculated MVC, four different
wavelength transmission filters (560 nm, 600 nm, 640 nm,
and 660 nm) were attached to one smartphone in turn, and
the following procedure was performed a total of four
times.

First, the subject sat in a resting position for 60 seconds.

Next, the elbow joint angle was maintained at 90° and the
subject held a weight with 40% load by hand for 45
seconds, then the weight was removed and the subject
again sat in a resting position for 60 seconds.

IV. RESULTS ANALY SIS AND CONCLUSION

A. Comparison of B-component values for each filter

Time series data of the wavelength of the B component
acquired from cameras with filters on the entire upper arm
were compared among four types of filters. The
wavelength of the B component is generally between 460
and 500nm. There is a large difference in the B-component
values between filters with wavelengths below 600 nm and
above 640 nm, and a large change in the B-component
values between filters with wavelengths of 640 nm and 660
nm. In natural environments, the sensitivity of the camera
itself also changes due to changes in light intensity. When
using such a filter, it is necessary to keep the light level
constant. In this study, we used a filter that transmits light
from wavelengths below 600 nm, which is sufficient for
the filter to function even under fluorescent light, where
the light intensity does not change to some extent. The
higher the cutoff frequency of the filter, the lower the
visible light component that can be acquired, and the lower
the amount of light that can be acquired, the more the
sensitivity of the camera is automatically increased.
Therefore, the B-component values at 560nm to 640nm are
higher than those at 640nm due to the increase in the
sensitivity of the camera. On the other hand, the B-
component values are lower at 660nm than at 640nm. It is
considered that the pass-cut function of the filter works
more strongly than the sensitivity adjustment to reduce the
B-component values.

B. Comparison of data with and without filter

The time series data of the variation of the R-B
component values obtained from the camera without the
filter and the R component values obtained from the
camera with the filter for the entire upper arm of subject 1
are shown in Figure 1 for the 560-nm filter and the 660-nm
filter. Figure 1 shows that both component values decrease
between 60 and 110 seconds when the camera is loaded by
the weighted camera, regardless of the presence or absence
of the filter.

In Figure 1-(a), during the period of 60-110 seconds,
the R component with the filter shows a larger change than
that of the R-B component without the filter. Therefore, the
proposed method can capture changes in blood flow more
easily than the conventional method. On the other hand,
fluctuations are observed in the unfiltered R-B component
values between 120 and 160 seconds, but not in the filtered
R component values. Whether these fluctuations are noise
or not is not clear, and is a subject for future study.

In Figure 1-(b), we can see that the R component with
filter contains higher frequency fluctuations than the R-B
component without filter in the period from 80 to 120
seconds. It is considered that the difference between the R-
and B-component values cancels out the fluctuations
caused by the subject's movements and other factors.

From the above, it can be concluded that this method
can easily capture the amount of change and can be applied
to the measurement of minute changes in blood flow, such
as in medical applications. On the other hand, the R-B
component value of the conventional method that takes the
difference value may be utilized for general applications
where the shooting environment changes.
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Abstract—Personal companion robots are increasingly inte-
grated into households, offering tailored experiences through per-
sonalisation. However, using multiple communication pathways
heightens the risk of inadvertent personal data exposure. This
paper presents a novel communication policy designed to mitigate
such risks by dynamically adjusting communication strategies
based on the sensitivity of the shared data. We measure par-
ticipant preferences for these adaptive communication methods
through empirical assessment. Our findings indicate that the
proposed policy effectively minimises personal data exposure,
fostering increased trust in the robot’s handling of sensitive
information.

Keywords-Personalisation; Personal Data Communication;
Human-Robot Interaction; Perceptions Of Privacy

I. INTRODUCTION

Health care assistance [1], butler services [2], and edu-
cational tutors [3], the roles a companion robot could take
within a person’s home are starting to be explored in re-
search. Leveraging techniques such as personalisation, social
companion robots can learn from the user and adapt their
behaviour to provide a unique and custom experience [4].
Regardless of their role within the home, these robots will need
to communicate with the user. As such, research within this
field has brought about a multitude of different communication
pathways, including audible [5], visual [6] and sign language
[7], to name but a few. Using these communication methods,
social companion robots can personalise their communication
method and topic of communication to the user. While multi-
modal communication pathways are vital, such methods in-
crease the risk of personal data exposure, as identified by Calo
[8].

With access to the private space of a home, along with
personalisation techniques, social companion robots have easy
access to sensitive and personal data about their user. A
robot’s ability to communicate personal data is akin to that of
humans. Robots need to have social awareness, understand the
relationship between people, what type of personal data they
are communicating, and the impact of exposing such personal
data within the context. Unlike Human-Computer Interaction
(HCI), where a device needs to be unlocked [9] or have
some form of user intervention to communicate personal data.
However, to put manual intervention into social companion
robots before they can communicate anything would impede
the natural communication experience a robot would provide.
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email: k.l.Lkoay @herts.ac.uk
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A simple solution to fix these communication issues would
be to prevent the robot from entering private spaces within the
home [8], control what personal data it can collect through
sensors [10] and give it limited personal data. However, such
techniques hamper the functions of personalisation. Butler et
al. [11] and Klow et al. [12] show that people are willing
to give up more sensitive personal data to gain benefits and
functions. These tradeoffs mean people want to give a robot
their personal data to get personalised features and tasks done
in specific ways, even with the added risk of exposure through
communication. For example, giving a robot your medical
information to enable features such as medication reminders
or the robot adapting its communication style if you have
hearing loss. Withholding essential personal data required for
personalisation features due to concerns about data exposure
is similar to denying a chef access to a kitchen out of fear
of hazards. Instead, we propose to put policies in place at the
communication layer of the robot to protect personal data.

Within HRI, there are currently limited communication
strategies for addressing this. An approach put forward by
Marchang et al. [13] is to use a blockchain approach, where
only authorised personnel can be present for the robot to
communicate personal data. Such a technique is viable in
HCI but requires manual intervention (Face ID), impeding
natural communication. A common approach used within
research studies is to use consent forms that do not require
a communication policy and either use fake personal data
for the participant or use only authorised personal data. For
example, Di Napoli et al. [14] turn off video recording and
skeletal tracking to ensure that only the desired personal
data is collected. While ethically sound, both approaches lack
consideration for how the robot would need to communicate
in the real world.

In a real-world domestic setting, a robot needs to understand
what it is saying to be able to assess if it is appropriate to
say within a specific context. This means understanding the
sensitivity of the personal data, the people within a given
context, and the impact of sharing the personal data within that
context. Findings from [15] [16] show that the sensitivity of
different personal data items is different. Both works also show
that personal differences can also influence these perceived
sensitivities.

This work looks at how a communication policy could use
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perceptions of personal data sensitivity to determine how to
communicate personal data. In particular, this work takes the
classification of personal data by Riches et al. [16] and applies
a different communication style for low, medium and high-
concern personal data. Within this work, we want to explore
if such a policy provides appropriate and safe communication
of personal data while building trust in the robot’s ability
to handle personal data. For this purpose, this work aims to
answer the following research questions:(RQ1) Can a commu-
nication policy based on the concern of personal data exposure
(personal data concern classification) positively influence peo-
ple’s views on a robot’s communication of personal data (e.g.
convenient, helpful and trustworthy)? (RQ2) How does such
a communication policy influence people’s trust towards the
robot compared to no communication policy? (RQ3) Does
such a policy provide a more appropriate way for a robot
to communicate personal data to the user in different social
contexts when a third party is present? Section II presents the
design and implementation of a hybrid study, while the results
are analysed in Section III. The implications of the findings for
Human-Robot Interaction (HRI) are discussed in Section IV,
followed by the conclusion in Section V.

II. METHODOLOGY

The study presented in this paper comes from an
ethically approved hybrid study, which was conducted
both online (aSPECS/PGR/UH/05388) and in person (aS-
PECS/PGR/UH/05389). These studies had a robot communi-
cating three pre-determined personal data reminders created
for the study to the participant in front of a third party. It
was decided to do an online and in-person version of this
study to see if there was a difference in participant perceptions
when experiencing the interactions in person compared to
seeing it online through a video. The reminders communicated
by the robot were chosen to cover the three classifications
of concern found by Riches et al. [16]: Low (Preferences),
Medium (Political opinions) and High (Financial Records).
The full wording of the reminders was:

o Preferences (Low Concern): “Your favourite TV program,
the NFL, is on tomorrow, and you enjoy eating cookies
and drinking coke while watching this. Would you like
me to add this to your shopping list?”

o Political Opinions (Medium Concern): “You need to
renew your membership for the Orange Political Party as
it expires next week, and there are key votes happening
in the coming months. Would you like me to renew this
for you now?”

o Financial Records (High Concern): “Your phone bill is
due today, totalling £60. You need to pay this as you
have been late on this for the last few months. Would
you like me to pay this for you now?”

The scenario narrative was that the participant was in their
home, and a neighbour came around for a chat. The participant
and neighbour were sitting at the dining room table having
a drink when the robot came to the participant with a few
personal data reminders. For this study, we had two scenarios:

a trusted neighbour scenario and a new neighbour scenario.
We defined a trusted neighbour as someone the participant
had known for 5-plus years and looked after their house when
the participant went on holiday. We defined a new neighbour
as someone the participant had never met before and had only
moved in a day ago. In each scenario, we had two conditions.

The control condition was where the robot used no com-
munication policy, saying all three personal data reminders out
loud. The experimental condition was where the robot used
our classification policy to communicate all three reminders.
Our classification policy communicated personal data based
on the sensitivity of the personal data [16] within the re-
minder. Low-concern personal data was said out loud in full;
for medium-concern personal data, the robot asked the user
whether they wanted it said out loud or sent to their phone;
for high-concern personal data, these were sent directly to the
user’s phone.

The robots used in the studies were different. The online
study used the Humanoid Pepper [17] robot along with the
Non-Humanoid Fetch [18] robot. We chose these two robots to
see if their anthropomorphism influenced participants’ percep-
tions of the robot handling and communicating their personal
data. We only used Fetch for the in-person study as the Pepper
robot could not navigate reliably. This is to avoid participant’s
responses being influenced by the robot’s navigation abilities.
For the in-person study, the University of Hertfordshire Robot
House [19] was used to provide a realistic domestic setting to
immerse participants in the story.

A. Procedure

For both studies, participants first completed a pre-trial
questionnaire. This questionnaire collected participants’ age,
gender, smart assistant use, Ten Item Personality Index (TIPI)
[20], Negative Attitudes Towards Robotics (NARS) [21], and
experience with robotics. The final question of this section
aimed to understand participants’ perceptions of approval for
a robot to know and store the thirteen items of personal data
classified in [16]. The question provided a picture and de-
scription of the robot, then asked, “Please rank your approval
of <Fetch or Pepper> collecting and storing the following
personal data for generating and communicating tailored re-
minders.” Participants rated this approval on a 5-point Likert
scale from Strongly disapprove to Strongly approve. For the
in-person study, only fetch was used, and participants also
had the chance to interact with Fetch physically and see how
it moves and communicates before answering this question.
For the online study, the robot the participants experienced
was between-subject and randomised which robot they expe-
rienced.

1) Online: The online study focuses on the preferred com-
munication policy in the presence of a third party (not focusing
on the relationship between the user and the third party) and
whether the robot’s appearance (pepper and fetch) influences
the participant’s preferences.

After the pre-trial questionnaire, participants watched two
videos and answered the post-condition questionnaire after
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each video. Each video showed one of the two conditions
(Communication policy used). The order in which these were
shown was randomised and counterbalanced, so the order did
not influence participants’ perceptions. The videos were filmed
in first person as if the participant was experiencing them, akin
to the in-person study. For the scenario (neighbour type) of
the videos, no details were given in the videos about who the
third party was. This detail was asked in the post-condition
questionnaire.

2) In-Person: The in-person study focuses on the third
party present and their relationship to the user. It allows
participants to imagine themselves in the role and act with
the third party as if it were their neighbour (new or trusted).

After the pre-trial questionnaire, participants participated in
one scenario (neighbour type) with two conditions (commu-
nication policy). This meant the participant acted twice, once
with the robot using the control policy (no communication
policy) and once with it using the experimental policy (classi-
fication communication policy), with both times being with
the same neighbour (new or trusted). The scenario chosen
for each participant was randomised and counterbalanced, and
the order of the conditions was counterbalanced. After each
interaction, participants would then complete a post-condition
questionnaire.

The post-condition questionnaire consisted of four ques-
tions. Firstly, participants were asked, ‘“Based on how it
communicated your reminders in this interaction, would you
trust the robot’s ability to provide reminders while keeping
your personal data secure?* choosing either yes or no and
giving a qualitative reason. The second question asked, “Based
solely on the interaction, please rank your approval of <Fetch
or Pepper> collecting and storing the following personal data
for generating and communicating tailored reminders as it did
in the interaction.” participants rated this on a 5-point Likert
scale from Strongly disapprove to Strongly approve for all 13
personal data items identified previously from [16]. Question
three was different between the two studies. The online study
was split into two parts and asked about each neighbour:
“Please rank your approval of how the robot communicated
each reminder if the neighbour present was a <new or
trusted> neighbour.”. The in-person study asked, “Please rank
your approval of how the robot communicated each reminder
in front of your neighbour.”. For both studies, participants rated
these on a 5-point Likert scale from Strongly disapprove to
Strongly approve for each of the three personal data reminders
listed previously. The final question asks, “Please rank whether
you agree or disagree with the following statements and
explain your rankings” with participants rating their agreement
on a 5-point Likert scale from Strongly disagree to Strongly
Agree for three statements. The statements were, “I am happy
with the way the robot communicated my personal data”,
“My personal data is safe when the robot communicates my
reminders to me”, and “The way the robot communicated my
personal data was natural”.

B. Participants

In total, we collected responses from 220 participants. Of
the 182 participants in the online study, 89 self-identified as
male and 93 self-identified as female, with a median age of
35 and a range of 18 - 84. Of the 38 participants in the in-
person study, 20 self-identified as male and 18 as female, with
a median age of 27 and a range of 19 - 51.

III. RESULTS

In this paper, we performed two studies, one online and
one in-person. Using Mann-Whitney U tests, we found no
statistical difference between the results from both studies. As
such, the results in this paper will report the combination of
both studies. While the online study used two different robots,
whereas the in-person study only used one, there were also no
statistical differences between these, meaning we were able to
combine the results.

A. Effect of a communication policy on perceptions of trust

Participants were asked which communication protocol they
would prefer to use in daily life. 84% of participants chose the
experimental policy, with the remaining 16% choosing neither
and no participants choosing the control policy. When asked,
”Would you trust the robot’s ability to provide reminders while
keeping your personal data secure?” 85% of participants said
no, and 15% said yes for the control policy, with 14% saying
no and 86% of people saying yes for the experimental policy.
This difference in trust rating was statistically significant (Z =
—13.92, p =< .001). On giving reasons for their rating, the
main themes for not trusting the control policy were feeling
their personal data was unsecured, having no control over their
personal data and feeling uncomfortable with their personal
data being exposed (see examples below):

o Unsecured

— "The robot’s speech did not uphold the safety of my
data.”

— ”I didnt feel like my personal data is secure. So I
couldn’t trust the robot with my personal details”

e No Control

— "The absence of control over my data was a glaring
issue.”

— 7T have no control over the reminders or what the
robot says”

¢ Uncomfortable

— ”It just felt uncomfortable when the robot mentioned
the orange party. Even if the political party I am a
member of is known. I would not like this kind of
information to be revealed to a new neighbour. Also,
the phone not being paid can be embarrassing.”
In the reasoning given for why participants trusted the experi-
mental policy, the two main themes were the robot asking for
consent and not saying highly sensitive information out loud
(see examples below):

o Asking for Consent
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— “Having different levels of security on different
aspects of data felt reassuring. Especially being able
to choose on some of the data.”

— "The robot asked for consent first to say it out
loud/sent as a text message. This part of interaction
helped to build trust.”

— "The robot waited for my consent before disclos-
ing any personal information that’s why I trust the
robot’s ability to keep my data secure.”

« Not saying Sensitive information out loud

— ”Sending reminder to my phone is a really good idea
comparing to saying them loudly”

— ”Using the notification based approach is perfect
saving the sensitive data issue”

Participants were asked to rate their agreement with two
statements for each of the communication policies:

e I am happy with the way the robot communicated my
personal data

e My personal data is safe when the robot communicates
my reminders to me

For the control policy, 81% of participants disagreed with
being happy with the way the robot communicated their per-
sonal data, and 85% disagreed with their personal data feeling
safe when the robot communicated it. For the experimental
policy, 68% agreed with being happy with the way the robot
communicated their personal data, and 78% agreed with their
personal data feeling safe when the robot communicated their
personal data. The central theme of why participants agreed or
disagreed with these statements was the fact the robot did or
did not say the personal data out loud (see examples below):

o Disagree

— 7It revealed potentially sensitive data to another
person”

— 71 feel that fetch, although said what he wanted to
remind me of, he went into too much detail in front
of my new neighbour. ”

— "It could have omitted the sensitive information from
the reminder rather than just saying it all out”

o Agree

— ”Sending financial reminders to my phone meant it
felt safe and under my control. I was not worried it
would reveal sensitive information.”

— ”It has classified senstive data and only voiced out
non-senstive data and it was able to send a notifica-
tion for the sensitive data”

— 71 liked that it could use my phone to send me the
reminder rather then just saying everything out loud”

Participants were asked, “Please rank your approval of
<Fetch or Pepper> collecting and storing the following
personal data for generating and communicating tailored re-
minders”. This was done before experiencing any scenarios
(pre) and after experiencing each communication policy with
the same assigned robot (Fetch or Pepper). For all personal
data items other than preferences, the approval for the robot

Health records

Pre 48% Bl 2 17%  19% 6 35%
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Figure 1. A bar graph showing the distribution of participants’ ratings for a
robot to know and store personal data items.

to know and store the personal data after demonstrating the
experimental policy was higher than the control policy and
initial perceptions. The results of this question are shown in
figure 1.

Using Mann-Whitney U tests the difference between the
pre-approval and approval for the experimental policy was
statistically significant for Health records (z = —4.17, p =<
.001), Political opinions (z = —5, p =< .001), Educational
activities (z = —6.15, p =< .001), Sexual orientation
(z = =5, p =< .001), Racial or ethnic origin (z = —3.82,
p =< .001), Financial records (z = —7.54, p =< .001),
Employment history (¢ = —6.74, p =< .001), and Calendar
appointments (z = —3.2, p = 0.001). In all cases, approval
increased for the experimental policy over the pre-approval
ratings.

Using Mann-Whitney U tests, the difference between the
approval for the control policy and the experimental policy
was statistically significant for Health Records (z = —7.9,
p =< .001), Political opinions (z = —5.92, p =< .001),
Educational activities (z = —7.09, p =< .001), Sexual
orientation (z = —5.65, p =< .001), Racial or ethnic origin
(z = —5.23, p =< .001), Financial records (z = —8.53,
p =< .001), Employment history (z = —7.17, p =< .001),
and Calendar appointments (¢ = —10.21, p =< .001).
In all cases, approval increased for the experimental policy
compared to the control policy.
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Using Mann-Whitney U tests, the difference between the
pre-approval and the approval for the control policy was sta-
tistically significant for Health records (z = 3.35, p = 0.001)
and Calendar appointments (z = 7.15, p =< .001). In both
cases, approval decreased for the control policy compared to
the pre-approval rating.

Comparing the change in approval between the control pol-
icy and experimental policy showed a split based on the sen-
sitivity of the personal data. Approval change between control
policy and experimental policy for medium concern personal
data items (Political Opinions, Racial or Ethnic Origin, Sexual
Orientation, Educational Activities, and Employment History)
had a 21% to 25% decrease in disapproval ratings, while
neutral ratings changed by -4% to 4%, and approval ratings
increased by 21% to 26%. Approval change for High Concern
personal data (Health Records, Calendar Appointments, and
Financial Records) had a disapproval decrease of 41% to 47%,
while neutral increased by 4% to 23%, and approval increased
by 21% to 43%.

B. Perceptions of Personal Data Reminder Communication

Participants were asked to rate their approval of how the
two communication policies communicated the three personal
data reminders. These ratings are shown in figure 2. The
figure shows that for all three reminders, approval for the
experimental policy was higher than approval for the control
policy.

Using Mann-Whitney U tests the approval rating for the two
policies when a new neighbour is present was found to be stat-
ically significant for all three personal data reminders: Phone
Bill (z = —12.91, p =< .001), Political Party (z = —12.82,
p =< .001), and Preferences (z = —4.08, p =< .001).
When a trusted neighbour was present, there were also sta-
tistically significant differences between the approval of both
communication policies: Phone Bill (z = —9.85, p =< .001),
Political Party (z = —9.53, p =< .001), and Preferences
(z = —2.28, p = 0.023). In all cases, approval increased for
the experimental policy compared to the control policy.

For the control policy, there was no statistical difference
between participants’ approval ratings by neighbour type for
all three reminders. However, a slight trend is shown, with
approval for the trusted neighbour being higher than for the
new neighbour, showing some influence of the neighbour
type on the approval rating. For the control communication
policy, the approval for the Phone Bill reminder had majority
disapproval for both neighbours, with 64% disapproval for
the trusted neighbour and 72% for the new neighbour. The
preferences reminder has majority approval for both neighbour
types, with 82% approval for a trusted neighbour and 76%
for a new neighbour. For political opinions, the approval
ratings are split over approve, neutral and disapprove, showing
participants’ ambivalence for this reminder. Political opinions
have 41% disapprove, 26% neutral, and 31% approve of a
trusted neighbour, 47% disapprove, 29% neutral, and 22%
approve of a new neighbour.

Phone Bill
BBl 39% 19% 16% 17%

BBl 30% 15% 14% 14%

Control Trust 64%
Control New 71%

Experimental Trust 26% his% 8%  38% [N 66%

Experimental New 14% & 3% 52% [ s3%
Political Party

Control Trust 41% B 19% 26% 31% | 32%

Control New 47% B 22% 29% 22%| 24%

Experimental Trust 17% B % 3% HEE 5%
Experimental New 9% B 3% 37% HEG ss%
Preferences
Control Trust 12% F% 7% 26% IEEEIN 5%
Control New 11% B 3% 25% S 6%
Experimental Trust 7% I % 24% N s°%
Experimental New 3% | 5% 24% NS 2%
100 50 100

0 50
Proportion of population (%)
Ij Strongly Dissaprove [] Disapprove [] Neutral [] Approve [l Strongly Appri

Figure 2. A bar graph showing the distribution of approval ratings for the
different personal data reminders.

For the experimental policy, approval ratings for the neigh-
bour types were found to be statistically different using Mann-
Whitney U tests for Phone Bill (/7 = —2.31, p = .021)
and Political Party (Z = —2.18, p = .029) reminders. In
both cases, approval ratings decreased for a trusted neighbour
compared to a new neighbour. Approval drops by 17% for the
phone bill reminder and 13% for the political party reminder.
While approval drops, both neighbour types have a majority
approval for the experimental policy. Phone bill has an overall
approval rating of 66% for a trusted neighbour and 83% for a
new neighbour, while Political Party has an approval rating of
75% for a trusted neighbour and 88% for a new neighbour.

In participants’ qualitative responses, the common theme as
to why approval was lower for a trusted neighbour was that
they felt like they were hiding information from the neighbour.
This is because when the robot notifies the user of a medium
or high concern reminder, it still says the personal data item
but does not go into detail. For example, political opinions
are a medium concern personal data, so the robot would say,
“I have a reminder about your political opinions would you
like this saying out loud?”. This caused participants to feel
uncomfortable as the third party heard that they had a reminder
on this but could not know what it was about. Participants gave
feedback that instead of saying the personal data item in the
reminder, the robot could instead say a generic statement such
as “I have an important reminder for you”.

IV. DISCUSSION

This work presents a hybrid study conducted online and in
person. This work aimed to see how a communication policy
based on the classification of personal data exposure sensi-
tivity [16] is perceived when used to communicate personal
data reminders in front of a neighbour. We manipulated the
neighbour type, either being a new or trusted neighbour.

Our approach presented was to use a classification-based
communication policy. This policy uses the sensitivity of the
personal data being communicated to adapt how it commu-
nicates the reminder. RQ1 wanted to see if such a policy
positively influenced views on a robot communicating personal
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data. The results presented show that the majority of partic-
ipants were very happy with the robot communicating using
this classification policy while feeling their personal data was
secure with the robot.

RQ2 aimed to understand if a communication policy could
influence trust in the robot communicating personal data. Our
findings suggest that trust is influenced by the communication
policy. The majority of participants (86%) said they would
trust our classification policy to provide reminders using
personal data while keeping the personal data secure. When
participants were asked if they trusted the control policy,
85% said they would not trust it to keep their personal data
secure while communicating it. The results also show that
after experiencing our communication policy, participants were
more approving of a robot knowing and storing personal
data items. Further, after experiencing the control policy, the
disapproval rating increased for the robot to know and store
personal data items. This means that through the display of
the classification policy alone, trust is built between the user
and the robot to handle personal data.

RQ3 looked at whether a classification communication
policy could appropriately communicate personal data when a
third party is present. For all three personal data reminders, the
classification policy had a majority approval for communicat-
ing the personal data. However, when comparing this approval
between neighbour types, approval decreased for a trusted
neig