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Abstract
Technology can be used to recognize and manage stress, particularly robotic interventions,
which can potentially assist older adults and people with dementia. However, barriers such as
ageism can hinder the effective implementation of such technological solutions, even in digital
technologies intended to serve older adults (Mannheim, Wouters, et al., 2023), although the
involvement of stakeholders in the design process is considered a main factor that influences
the acceptance of robots (Frennert & Ostlund, 2014).
This project aimed to examine the influence of the involvement of older adults in the design
process of a stress management robot application intended for older adults on the perceived
benefit and acceptance of the robot.
This project included two design processes:

1. Non-inclusive design process: A design process of a stress management robot

application involving only the researcher as a part of an academic course.
2. Inclusive design process: A design process of a stress management robot application
involving older adults as a part of a co-design workshop developed for this project.

A between-group experiment designed to examine the relationships between stress levels,
perceived usefulness (PU), perceived ease of use (PEOU), and behavioral intention (BI) across
two prototypes (independent variables) of stress management robot applications (one
designed in a non-inclusive design process, the other in an inclusive design process with older
adults).
Dependent variables were stress level, perceived usefulness (PU), perceived ease of use
(PEOU), and behavioral intention (Bl). The independent variable was the robot application
type (prototype A = application designed in a non-inclusive process, prototype B = application
designed in an inclusive process).
There were no significant results concerning mean RMSSD, but it was shown that the mean
RMSSD of the group of prototype B stayed closer to the baseline's mean RMSSD. Moreover,
TAM questionnaire analysis with the Mann-Whitney U test showed in a significant level of 0.05
that prototype A was perceived as a little more useful and likely to be used, than prototype B.
In future work, it is recommended to involve older adults with suitable professional
backgrounds (such as developers and designers) and change the flow of the experiment.

Keywords: Older adults, co-design, social robot, stress, stress management robot application.
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1. Introduction

1.1. Problem description

Stress is a natural response in humans that assists the personal management of difficult
situations in our lives, such as a lack of resources to cope with environmental demands, and
threats (Godoy et al., 2018; Maddock & Pariante, 2001; World Health Organization, 2023).
During stressor situations, the body starts to react with a series of responses, aiming to
improve the individual's ability to confront the current situation and similar challenges in the
future.

Chronic stress cases may cause physical, health problems, or mental health conditions, affect
the body's immune system, and aggravate such existing problems specifically in individuals
with a history of health problems (Maddock & Pariante, 2001; World Health Organization,
2023).

One of the age groups that may be affected by stress is older adults. Between 2015 to 2050
the proportion of the population of older adults in the world (60 years or older), will nearly
double, while the number of older adults the age of 80 years or older predicted to triple
between 2020 and 2050 (World Health Organization, 2022). It is suggested that despite the
increase in life expectancy, the extra years of life are characterized by poor health, which
affects society more negatively.

A common condition among older adults is dementia. Dementia refers to diseases that impact,
among other things, the memory and the patient's ability to execute his daily routine (World
health organization (WHO), 2023). People with dementia experience different symptoms,
among difficulties in the area of language, such as writing, verbal expression, and
understanding, which is considered a common symptom (Banovic et al., 2018). Difficulties in
the area of language may lead to specific challenges in expressing the feelings and wishes of
individuals. Language-related symptoms typically manifest in the early stages of dementia and
evolve substantially as the disease progresses. People with dementia may experience negative
feelings about difficulties in the area of language as well (such as stress). On top of that,
caregivers of people with dementia can not always notice a problem or negative feelings that
the patient is coping with, or can not always take care of it due to many reasons.

Therefore, interventions aimed at identifying and addressing unattended stress in older
adults, specifically those with dementia, may mitigate the manifestation of stress-related

adverse effects, such as challenging behaviors (Gerritsen et al., 2019). Due to behavioral and



psychological symptoms, people with dementia are more likely to receive potentially sedative-
hypnotics and antipsychotics (Deardorff et al., 2023). These medications, when misused or
combined problematically with other drugs, can increase the risk of adverse events, including
hospitalizations and medication errors, compared to people without dementia.

Technology can be used to recognize and manage stress, particularly robotic interventions,
which can potentially assist older adults and people with dementia. However, barriers such as
ageism can hinder the effective implementation of such technological solutions, even in digital
technologies intended to serve older adults (Mannheim, Wouters, et al., 2023). When
developing digital technology it is important to include older adults in the design process to
avoid ageism. Moreover, the involvement of stakeholders in the design process is considered
a main factor influencing the acceptance of robots (Frennert & Ostlund, 2014).

1.2. Objectives

This study aimed to understand the influence of the involvement of older adults in the design
process of a stress management robot application on the acceptance and perceived benefit
of other older adult users of this robot application.

To examine this, two designs of a stress management robot application were developed as
part of this final project and compared during a specially designed experiment. The first design
was an outcome of a non-inclusive design process that did not include older adults; the second
design was an outcome of an inclusive process that included older adults in the design process.
A design study is a project focused on problem analysis, incorporating design validation and
projecting design conclusions to enhance design guidelines (Sedimair et al., 2012). The key
contributions of a design study encompass the characterization and abstraction of the
problem, the establishment of a validated visualization design, and reflective insights on the
design study, including its retrospective analysis of other pertinent works. Importantly, the
design study is not characterized by a linear progression; rather, its various phases exhibit

significant overlap, rendering it an iterative and dynamic process.



2. Literature review

2.1. Stress

Stress is a natural response in humans that assists the personal management of difficult
situations in our lives (World Health Organization, 2023). This physiological reaction arises
when an individual lacks the resources to cope with the environmental demands (Maddock &
Pariante, 2001). When the brain perceives a situation as a threat or beyond the individual's
capacity to manage, the body starts to react with a series of responses, including physiological
and behavioral changes, aimed at improving the person's actions (Godoy et al., 2018). These
responses and alterations aim to improve the individual's ability to confront the current
situation and similar challenges in the future.

According to the Mental Health Foundation (2018), a survey that included 4,619 participants
found that 74% of them felt stress that they were not able to cope with or that made them
overwhelmed in the year before the survey. In another survey that included 3,185 participants
who reside in the United States, only 12% felt little or no stress in the month before the survey
(The Harris Poll, 2023).

In light cases, stress can lead to a range of emotions (such as worry, mental tension, anxiety,
etc.), while in more severe cases can cause physical, health problems or mental health
conditions for example body pains or depression (Maddock & Pariante, 2001; World Health
Organization, 2023). In chronic stress cases in individuals with a history of health problems,
stress may aggravate such existing problems. Furthermore, severe cases of stress or chronic
stress may have effects on the body's immune system (Maddock & Pariante, 2001). In contrast
to cases of short-term, acute stress, in which the body can boost certain aspects of the
immune response when people experience chronic, long-term stress, this tends to suppress
the immune system. This prolonged suppression can make people more vulnerable to getting
sick or developing infections, as it impairs the body's ability to fight off germs and diseases.
Severe or ongoing stress has been linked to changes in certain immune system chemicals, but
the full medical implications of these stress-related changes are still not entirely clear.
Importantly, for people with dementia, stress can manifest in various ways.

Dementia refers to diseases that impact, among other things, the memory and the patient's
ability to execute his daily routine (World health organization (WHO), 2023). A new case of

dementia emerges every 3 seconds (Alzheimer’s Disease International, 2020). In 2020, there



were over 55 million people with dementia worldwide, with projections estimating 78 million
people with dementia in 2030, and 139 million people with dementia in 2050.

People with dementia can experience changes in their mood or behavioral changes, including
personality changes, a range of negative feelings related to memory loss (such as anxiety and
sadness), and social isolation (World health organization (WHO), 2023). Another common
symptom among people with dementia is difficulties in the area of language, such as writing,
verbal expression, and understanding (Banovic et al., 2018), which may lead to specific
difficulty in expressing the feelings and wishes of the individual. Language-related symptoms
typically manifest in the early stages of dementia and evolve substantially as the disease
progresses. People with dementia may experience negative feelings, such as stress, about
difficulties in the area of language as well.

To mitigate the adverse impact of language-related challenges among people with dementia,
it is recommended to adopt effective communication strategies with the individuals. Such
strategies include simplifying the conversation, accessing the patient from the front, and
giving the patient enough time to process the conversation and respond.

Stress in people with dementia can be caused not only as a byproduct of loss of abilities due
to dementia symptoms. Sharp (2019) mapped four more main themes that can cause people
with dementia to experience stress. The themes are stress sourced in family relationships,
unpredictable challenges in daily life as an outcome of new symptomes, straggling the changes
that dementia brings to the individuals' lives and identities, and the attempts by people with

dementia to maintain a sense of control over their lives and circumstances.

2.2. Interventions to manage stress levels

Because of the prevalence of stress in the population and the physical and psychological
health conditions that can be caused by it, it is important to know stress management
techniques, which can aid in reducing stress levels and negative health outcomes of severe
cases of stress or chronic stress (Varvogli & Darviri, 2011). Numerous techniques are available
for stress management, applicable not only to individuals experiencing heightened stress
levels but also to those in good health. Integrating stress management practices into one's
daily routine has shown to be effective in improving the health of the individual. Stress
management techniques that have been reviewed in their research have not been recorded

as techniques with negative side effects (such as guided imagery, diaphragmatic breathing,
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and transcendental meditation). In addition, they mention that health professionals, as well
as caregivers, can use the techniques that are mentioned in their research on a diverse
population (healthy or with background health issues), after having proper training.
Mindfulness-based stress reduction (MBSR) represents a stress management technique
evaluated among older adults, typically administered through a series of group sessions
facilitated by health professionals, social workers, or psychologists (Varvogli & Darviri, 2011).
The impact of MBSR on the stress levels among older adult users was inconclusive. Li &
Bressington (2019) found that there were no observed benefits of MBSR among older adults
who are coping with stress, although they reserved from the reliability of this conclusion.
Another study, along with Li & Bressington (2019), found no significant effects on older adults'
stress levels but noted this outcome could be influenced by the initial lower stress levels of
the user in the study (Hazlett-Stevens et al., 2019).

Effective stress mitigation involves the adoption of coping strategies that change between
each individual. Studies have shown that in the case of people with dementia, person-
centered care is the best method of care for them and it is related to positive outcomes for
individual's well-being, and positive visitors' opinions about the place individuals stay in
(Edvardsson et al.,, 2014). Despite its recognized efficacy, there are no specific
implementations of successful person-centered care, and not many studies experiment with
interventions regards on predictors of successful person-centered care methods.

Another study that reviewed the relationship between stress and mindfulness techniques,
including meditation, in people with dementia or mild cognitive impairment found that such
training facilitates stress reduction, and reported sustained engagement in mindfulness and
meditation practices by a majority of participants even six months post-experiment (Russell-
Williams et al., 2018). Beyond stress alleviation, these practices exhibited multifaceted
benefits, such as improving sleep quality, retrospective memory function, and systolic blood
pressure.

Due to behavioral issues and mood disorders, people with dementia tend to receive, among
other things, more sedative-hypnotics and antipsychotics, that can be misused or combined
problematically with other drugs (Deardorff et al., 2023). Misuse of medication can lead to
hospitalization and medication errors in people with dementia with a high probability,
compared to people without dementia. Additionally, the use of sedative-hypnotics

medications in people with dementia has been linked to accelerated cognitive decline and
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death in addition to hospitalizations. Most people with dementia are willing to decline
medication if it's possible and recommend physicians and pharmacists take a more holistic
approach when it's doable. Parsons (2017) claimed as well that many researchers found a link
between polypharmacy and potentially inappropriate prescribing to sickness and death, not
specifically in people with dementia, and that people with dementia are at risk of having
polypharmacy and potentially inappropriate prescribing. In addition, it was found that poor
cognitive function is linked to non-adherence to taking medication, and external intervention,
such as caregivers for example, is required to help increase the chances of adherence to taking
the medication (Smith et al., 2017).

Over the above, caregivers may find it challenging to provide people with dementia with the
desired level of care (Edvardsson et al., 2014). Not only people with dementia do not always
get the treatment they need, but also dissatisfaction among the staff about the care quality
they give is a primary factor contributing to job quit of elder caregivers. Additionally,
caregivers of people with dementia face the risk of experiencing stress by themselves and
physical illness (Gilhooly et al., 2016).

It is possible to manage stress levels in experiments by different methods (Bali & Jaggi, 2015).
One of those methods is the Stroop test, which can be used as a stressor task in experiments
to increase the stress levels of the participant. Stroop test is considered as a psychological or
cognitive stressor. In the task, the participant gets names of colors that are colored in different
colors than the name (for example, the word red is colored in green), and should identify the

name of the color that the word is colored in (in the example, the correct answer is green).

2.3. Stress prediction, identification, and analysis using digital technology and algorithms
Digital technology, such as wearable sensors and machine learning algorithms, can assist in
the assessment and prediction of stress and in reducing stress levels in stressors situations
when appear.

Wearable EDA measurements are promising for perceived stress predictions and stress
management in healthy people and under laboratory conditions (Klimek et al., 2023). Machine
learning algorithms can assist in the classification of stress, for instance, the SVM algorithm
(Ahuja & Banga, 2019). Phone applications can be useful for stress level management. "Calm"
is an example of phone applications that aid reduce stress, and was found effective for

improving mindfulness and self-compassion among students as well (Huberty et al., 2019).
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Hwang & Jo (2019) found that the application they examine not only aids in stress reduction

but also contributes among other things to lowering depression and increasing self-efficacy.

2.4. Robots as a caring supporter for older adults

Robots can monitor older adults, support their daily activities, and be involved in the care of
older adults, for example, to address the shortage of healthcare professionals (Frennert &
Ostlund, 2014). To fulfill this role, the robot as a caregiver of humans, needs to identify and
react according to the person's needs and assist him, follow "human rules", such as identifying
the person in front of it, and is expected to be predictable, reliable, and pose no threat to its
surroundings.

Examination of the implementation of robots in the treatment of older adults has shown that
this method has a positive health effect on test users and includes a stress reduction among
the test subjects (Géngora Alonso et al., 2019). Specific investigations into the implementation
of robots in the treatment of older adults with dementia have shown that the use of
biomimetic robots or a social robot group therapy helped to improve indicators, including an
improvement in the subjects' ability to cope with stress and social abilities (Chu et al., 2017;
Valenti Soler et al.,, 2015). Biomimetic robots are robots that mimic the biological

characteristics of humans or animals (Gao et al., 2019).

2.5. Factors affecting technology acceptance

Over the years some models were built to predict the adoption and use of different
technologies by different stakeholders. One of the models that were developed is the
Technology Acceptance Model (TAM), which examines the adoption and use of new
technologies based on perceived usefulness and perceived ease of use (Venkatesh & Bala,
2008). The TAM model defines perceived usefulness as the level of belief that using the
technology will improve his / her performance in a particular task. Perceived ease of use is
defined as the level of effort needed from the individual to use the technology, aiming the
examine technology will require as little effort as possible to use it.

Many factors influence the acceptance of technology by potential users in general and the
acceptance of robots by older adult users in particular. A main factor influencing the
acceptance of robots is involving stakeholders in the design process (Frennert & Ostlund,

2014). Other factors that can affect are the attitude of society towards robots,
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implementation of the users' expectations on the robot while taking into consideration social
and cultural implications of the robot, development of the robot as a part of other products,
the safety of the user and the environment, accessibility, usability, and sociodemographic
factors.

Specifically among older adults, the willingness to adopt technology depends to some extent
on the technology itself, the demographic characteristics of the user, and the users' trust and
confidence in their ability to learn the technology and master it (Berkowsky et al., 2017).
Moreover, the perceived value of the technology by the user and the impact on his quality of
life are significant predictors of the adoption of technology among older adults, and as these
factors are perceived as more positive by the user, his tendency to adopt the technology will
increase. Older adults tend not to want to use technology that requires them to use declining
abilities such as vision, memory, and dexterity.

Psychological variables and the social and physical environment predominantly influence the
acceptance of robots by older adults with dementia (Whelan et al., 2018). The robots need to
be personalized, compatible with user expectations, and feet of environmental
considerations. The user should feel comfortable with the robot, especially in the interaction
with the robot. People with dementia will better accept robots that use humanlike
communication and meet the user's needs, including psychological and social needs.
Moreover, a preference for human-like social robots is evident among older adults with
dementia when compared to service robots and social robots that are not human-like (Ke et
al., 2020). Additionally, these individuals report that they experience challenges in using
robots, stemming from cognitive decline that affects their ability to learn how to use the robot.
Additional aspects that can influence the robot's perceptions of users and the users' attitudes
towards the robot are the design of the robot (Liberman-Pincu et al., 2021), and the
adaptability of the interface to meet older adult users' needs and abilities. Such adaptability
facilitates flexibility in technology use, particularly benefiting users with low technological
experience (Di Nuovo et al., 2018). Adaptability is not only needed in the interface aspect but
in the design itself as well, especially in robots for personal uses, due to cultural differences
or personal preferences that influence the perception of the robot and the interaction with it

(Liberman-Pincu et al., 2023, 2024).
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2.5.1 Social robot design implementation

The design of social robots has changed through the years. In their survey, Mahdi et al. (2022)
presented the evolution of social robots' design by separating them into three main periods.
The initial phase encompasses the years preceding 2005. During this period, designs of social
robots were considered innovative and creative, and they influenced the design of social
robots in later years. During this period there were not many conferences or journals focused
on HRI research. The next period included the years between 2006 and 2012. In these years,
many new designs of social robots appeared, and there was a great interest in bringing the
robots outside of the laboratories and research field to everyday use. The robots were mostly
humanoid-shaped, and there was not much variation in the design of the social robots. In
2006, the first conference on HRI was held, and since then HRI discourse has begun in the
framework of conferences, journals, and forums. The third period unfolded from 2013 to
2020, marked by a diminished influx of novel social robot designs compared to preceding
periods. The appearance of the robots is slightly different, which resulted in more affordable
social robots. The availability of cheap, open-source hardware also contributed to the design
of the robots, fostering the creation of open-source social robot designs.

Furthermore, a set of guidelines have proffered with recommendations for the efficacious and
successful design of social robots, derived from their synthesis of the analyzed studies. A
subset of their principal recommendations includes the following:

1. Engage in co-design processes involving end-users to enhance the long-term viability
and success of the social robot.

2. Decide on the equipped interaction modalities of a social robot to avoid inconvenience
among end-users. For example, talking dog-shaped social robots can cause
inconvenience, because dogs can not talk in reality.

3. Deliberate on the robot's color and appearance to prevent attributing race to a robot

that can lead to racial bias towards the robot.

2.6. Involvement of older adults in the digital technology design process

Several researchers investigate the facets of incorporating end users, particularly older adults,
in the digital technology design process. Fischer et al. (2020) conclude from their review that
the literature provides inconclusive evidence regarding the benefits of co-designing

technology with older adults. Moreover, there is little information about the impact of
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involving older adults in the design process on older adults' adoption and acceptance of the
technology. On one hand, co-designing technology with older adults can aid in dealing with
stereotyping of older adults and aging, fostering positive sentiments towards participation in
the design process among older adults, and may enhance the quality of the design. On the
other hand, the co-design process does not guarantee a specific outcome.

In many of the studies that investigated and reviewed older adults and their involvement in
the design process of technologies, stereotypes and prejudice were identified, for example
about older adults' technological abilities and their capabilities to take part in the design
process of technology's product (Mannheim et al., 2019). Additionally, ageism was observed
to influence decisions made during the design process in some studies. Iversen et al. (2009)
describe ageism as stereotypes, prejudice, or discrimination of older adults due to their
Despite ageism can encompass biases against individuals of all age groups, the majority of
researchers have concentrated on its impact on older adults (Nelson, 2015). Ageism directed
toward this group is deeply entrenched in various facets of society, reinforcing the perception
that aging is inherently undesirable. This bias can influence the attitudes of both family
members of older adults residing in care facilities and professionals, such as physicians and
counselors, who assist older adults in their daily lives. Such ageist attitudes may manifest in
perceptions of older adults as less capable or overly dependent.

In practice, the involvement of older adults in the design process tends to be limited to the
initial and final phases, such as the usability testing, rather than in the design phase
(Mannheim, Wouters, et al., 2023). Even when older adults were involved in the design phase,
it was poor. Stereotypes and prejudice were applied in the phase of recruitment of older adult
participants as well. For example, older adults with low technological abilities or people who
are considered not active or healthy are often excluded from the design process. The gap
between the theory of involving older adults in the design process of digital technology and
its implementation may suggest that technologies that were designed for older adults with
poor involvement of older adults in the design process, may lead to a not optimal outcome.
A different study emphasizes examples of successful and less successful design processes of
digital technology, such as phone applications and robots, which are intended to serve older
adults (Mannheim, Weiss, et al., 2023). The study participants describe the successful
involvement of older adults in the design process of digital technology for older adults by the

inclusion of relevant individuals from the initial phase, continuous engagement throughout
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the design process, attentiveness to their needs, and incorporation of their feedback. This
fosters a sense of partnership, respect, and acknowledgment for participants. In contrast, less
successful involvement occurs when older adults do not align with the technology's intended
goals or are only involved in later stages of the process. Particularly in healthcare-related
technologies, such as an assistive robot, participants felt that the design of these technologies
is stereotypical of elderly users' imagery.

One of the examples of the exclusion of older adults that originates from ageism-based beliefs
is the exclusion of adults from clinical trials and health services that use digital technologies,
due to the prejudices of health professionals that older people cannot use digital technologies

(Mace et al., 2022).

2.7. Insights from literature review

Caregivers can not always notice a problem that the patient is dealing with, or can not always
take care of it right away. It is especially problematic when older adults, or older adults with
dementia particularly, feel uncomfortable, for instance in stressful situations. A solution of an
assistive robot for the caregivers that will identify stress in older adults or people with
dementia and aid in reducing their stress levels may be significant in the treatment of people
with dementia, to the individuals themselves, and their caregivers.

The design process of digital technologies, such as an assistant robot, that are intended to
serve older adults sometimes excludes older adults from the process due to ageism and
prejudicial attitudes, and therefore lead often to designing technologies with poor usability.
This study will experiment with the effects of the involvement of older adults in the design
process of a stress management robot application intended for older adults on the perceived

benefit and acceptance of the robot by older adults.
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3. Methods

3.1. Overview

This design study compared a non-inclusive design process and an inclusive design process of
a stress management robot application for older adults by comparing their outcomes in an
experiment specifically designed for this project.

The study included:

1. An analysis of interviews with different stakeholders about their retrospective of co-
designing social robots intended for older adults.

2. Design of a robot application for stress management of older adults, implemented on
a Temi robot (prototype 1, non-inclusive process).

3. Co-design workshop with five older adults and the researcher of a robot application
for stress management of older adults, using the Temi robot (prototype 2, inclusive
process).

4. Experiment that evaluated the perceived usefulness, perceived ease of use, and
behavioral intentions of each robot application prototype. Prototype A and prototype
B are the outcomes of the two compared design processes (prototype A = application
designed in a non-inclusive process, prototype B = application designed in an inclusive

process).

3.2. Interview analysis

For getting another scope of attitudes toward older adults in the design process of robots and
recommendations for the design itself, this study included an analysis of interviews that were
collected for another study, with different stakeholders about their retrospective perspectives
of co-designing social robots intended for older adults.

The interviews included 18 developers and researchers, males and females, aged 28-67, from
Asia, Europe, Australia, the USA, and Africa, with different professional backgrounds including
using different robots in their research or in the companies they work at.

The interviews were analyzed using the thematic analysis method (Braun & Clarke, 2006;

Creswell et al., 2012).
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3.3. Design processes
Two different design processes were executed. Both processes aimed to design a robot
application for the stress management of older adults.
The first design process included only the researcher in the design team and was designed as
part of an academic course (Fundamentals of a Human-Computer Interaction course was held
at Ben Gurion University). This design process represented a design process that often
happens, in which older persons are not involved and only the ideas and perceptions of a
(young) designer influence the outcome.
The second design group included two older adults, (ages of 78, and 84) who were recruited
from "Beit Yona", an assistive living community in Be'er-Sheva, and the researcher.
Participants knew Hebrew (read, write, and speak). To prevent biases in the first robot
application design by the researcher, the workshop took place after the first design was
completed.
The resulting application was subsequently compared to the researcher-designed version
used in the experiment, with a detailed comparison (see section 4.3).

3.3.1 Non-inclusive design process
The non-inclusive design process in this research was incorporated through an academic
course. This design involved the researcher working under the guidance of the course lecturer,
incorporating stress-reduction solutions sourced from academic literature. During the course,
various principles related to the human-computer interface were studied, such as usability,
design thinking, and human-robot interaction (see Appendix 1). Each group of students was
asked to design an application or interface as the course final project, based on the theoretical
information learned in the course. The project included the following sub-submission (see
Appendix 2):

1. Aclass presentation of the problem and its suggested solution, using an application.

2. The background the research included literature and competitive review.

3. Writing a description of four different users of the suggested application-based

solution.

The researcher designed a stress management robot application and got feedback on the

application design and content from the other group members. After submitting the final
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project! to the course lecture and receiving her feedback that focused mainly on the robot's
face design, the researcher decided to change the robot's face to her own designed face
(rather than using the default face of the robot that designed by the robot's manufacturing
company). The main changes to the face that were made are:

e Chancing the background of the face to match the color of the designed stress
management application (light pink).

e Movement of the mouth while the robot is "speaking" to simulate the lip movement
of speech, as in humans.

e Movement of the eyes which included a blink-like movement, without moving the
pupils. In order not to burden the user with stimuli, the researcher feared that a lot of
movement on the small screen together with the robot's speech, which is not usual in
a situation where the user is experiencing stress, could increase the user's stress level.

3.3.2 Inclusive design process

The inclusive design process in this research was incorporated through a co-design workshop
with older adults to develop a stress management robot application.
The co-design workshop with older adults included three one-hour sessions. Three
participants were involved, two attended all sessions and one participated solely in the second
session. Only one participant owned a cellphone and computer, while the others had no
personal digital devices. Notably, none of the participants had a technological background in
their pre-retirement occupations. Each session was documented using video recording, a
voice recorder application on the researcher's smartphone, and a written protocol that was
made during each session. Photos of the participants and their outputs were also collected
during the sessions (see Appendix 3).

3.3.2.1 First co-design workshop session
The first session aimed to familiarize the workshop members with the problem we want to
solve with the robot application.
This session commenced with a sing-along competition designed to familiarize participants

with stressful situations. Participants were given words and asked to identify songs containing

! Video summering of course outcomes: https://www.canva.com/design/DAF kJUna-
0/WMiNtInPvdHeGWTTLtgleA/view?utm content=DAF kJUna-
0&utm campaign=designshare&utm medium=Ilink&utm source=editor
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those words. The participant who responded fastest and correctly got a point. The participant
with the higher amount of points won. Following this activity, participants were asked about
their feelings during the game.

Subsequently, through a facilitated discussion, participants were informed about the problem
that motivated the development of a stress management robot application. Key points from
the literature review were presented. Participants were then asked to identify the primary
characteristics of a robot intended for caregiving or stress management. Each participant
selected an image of a robot they found intriguing or suitable for the intended role and
explained their choice. Based on the discussion, the group collaboratively created an empathy

map.

DOTH Wik |

Figure 1 — Co-design workshop Empathy map outcome

3.3.2.2 Second co-design workshop session
The second session aimed to design the robot application to get a draft of the application
design by the end of the session.
Participants completed questionnaires regarding their technological experience and
background (see Appendix 5.1). After a brief reminder of the previous session, participants
were introduced to the Temi robot, which is the platform for the application. They were then
tasked with drawing and describing the application based on the previously created empathy

map, focusing on face design, content, appearance, accessories, character, and attributes.
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Each participant presented their ideas to the group, explaining the rationale behind their
choices. Next, the group created a collective sketch of the desired application.
Post-session, the researcher developed the application according to the participants' ideas
and preferences.

3.3.2.3 Third co-design workshop session
The third session aimed to create the final design of the robot application.
In this final session, participants tested the application that was developed based on their
collective ideas. The researcher then solicited feedback on their experiences and feelings
during the use of the application.
Participants were allowed to suggest modifications or improvements to the application based
on their user experience. The researcher presented various options for each application

window?, including appearance (like icons and colors), and content.

E‘- 3NNPONVIY - BN T EL 2 NNWON VY - BT @ ANNWON YIY - NI T

jiunoa nvoy ninynn njrmn 10702 oY niTnynn N JuCa ey ni7nYnn ngmn
van yam ynn

vILaNEY miNa o'gnwn (RN namn opnen Lale= i mixn o'pnen
aNvInT htahyl NN

f i eniall
@ genially @ genially @ genially

Figure 2 — Application color options presented to the co-design workshop participants

To mitigate potential biases, each participant was asked to write their preferences in writing

and subsequently explain the reasoning behind their choices.

3.4. Experimental design

The experiment was designed as an inter-subject study to examine the influence of the
involvement of older adults in the design process of robot application on the acceptance and
perceived benefit of older adults.

The study employed a between-group comparative analysis to examine the relationships
between stress levels (stressed or not), perceived usefulness, perceived ease of use, and

behavioral intention across two prototypes of stress management robot applications (one

2 presented options for the application design:
https://view.genially.com/6660b6ff572bf000135fad2e/interactive-content--3
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designed in a non-inclusive design process, the other in an inclusive design process with older
adults).
3.4.1 Variables
3.4.1.1 Dependent Variables
e Stress level
e Perceived usefulness (PU)
e Perceived ease of use (PEOU)
e Behavioral intention (BI)
3.4.1.2 Independent Variable
e Robot application type (prototype A = application designed in a non-inclusive process,
prototype B = application designed in an inclusive process).
3.4.2 Participants
Participants included were defined as those with normal vision or who wear vision aids such
as glasses for corrections to their vision, are not color blind, and are familiar with Hebrew
(read, write, and speak).
The initial screening of participants who are colorblind or have abnormal vision was through
the invitation to participate in the experiment. Additional filtering was done when filling out
the questionnaires at the beginning of the experiment. Each participant was required to
confirm that to the best of his / her knowledge, he / she sees normally and sees colors
normally. No vision test or color blindness test were performed, because this is not the
essence of the experiment, and the use that each participant made of differentiating between
colors was only to answer a Stroop test, as detailed in section 3.4.2.
3.4.3 Tools and measurements
The tools and measurements include objective and subjective measures.
3.4.3.1 Tools
The researcher, using the Canva website, created a YouTube video® that was screened in phase
3 of the experiment (Relaxing session and baseline stress measurement). The video is 2
minutes long and includes the sound of waves crashing and a video clip of a beach at sunset

time. This video aimed to help participants relax, additionally to breathe deeply, to measure

3 Relaxing video: https://youtu.be/oflmKyMGm5k
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their baseline level of stress, which was the control group of the RMSSD measurements at the

next phases of the experiment.
3.4.3.2 Objectives measures

The objectives measures aim to quantify the benefit of the robot application and included:

e Body indicators — measured with the wearable biometric sensor of Emotibit* company.

By attaching the sensor to different body parts, such as the arm, head, or leg, with a
strap, and connecting the sensor to an SD card and Wi-Fi, the sensor streams and
records sensed biometric data. The sensor was placed on the participant's wrist, on
the hand that is rarely in use (the hand the participant does not write with). The
recorded data that was analyzed in the experiment is the inter-beat interval (IBI). IBl is
the time period between successive heartbeats (Shaffer & Ginsberg, 2017). Heart rate
variability (HRV), is the changes in the IBI, which can be used for predicting different

mental incidence, such as stress.

Figure 3 — Emotibit sensor with a case on the wrist and the EmotiBit Oscilloscope software

Root Mean Square of Successive Differences (RMSSD) RMSSD, an established indicator
of heart rate variability, was calculated for each participant across all four
experimental phases as detailed in section 3.4.4, using the recorder IBI data from the

Emotibit sensor.

— 2
Y5 (Bl — IBliy4)

RMSSD =
N-1

4 Emotibit company website: https://www.emotibit.com/
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Stroop test results — the results designed to compare the user's performance before
and after using the robot application for stress management, by evaluating the stress
level of the individual. This test served mainly as a means to prompt a stressful
situation and reaction. In the Stroop test the user needs to mark the color that the
word is colored in (Bali & Jaggi, 2015). One of the tasks in the test is showing the user
the word "red" which is colored in green. The correct answer to this task is green
because this is the color that the word is colored in.

3.4.3.3 Subjective measures

The subjective performance measures were assessed via standard questionnaires and

included:

Perceived Stress Scale (PSS) questionnaire (see Appendix 5.2) was administered at the
onset of the experiment to assess participants' general stress levels, as these could
influence experimental outcomes. This survey was given to participants only at the
beginning of the experiment because it refers to stress levels experienced by the
participants during the last month. The survey consisted of 10 statements, translated
into Hebrew. Participants rated each statement on a scale from 1 (never) to 5 (very
often). One participant noted the absence of an "always" option in the rating scale.
Scores were calculated as follows (Baik et al., 2019):

o For statements 1-3, 6, and 9-10, the sum of the provided responses was

calculated.
o For statements 4-5 and 7-8, scores were reversed (e.g., a score of 1 was
converted to 5, 2 to 4, 3 remained unchanged, etc.).

Final scores were categorized as follows (Torales et al., 2020):
(For the categories limit calculation, see Appendix 13)

o Low stress: <23 points

o Medium stress: 24-36 points

o High stress: > 37 points
The Technology Acceptance Model (TAM) questionnaire (see Appendix 5.3) aimed to
measure the perceived benefit and acceptance of the robot application by the
experiment users (Saari et al., 2022). This questionnaire includes 32 items rated from
1 (extremely disagree) to 7 (extremely agree), that measure the acceptance of the

robot application, translated into Hebrew (see Appendix 5.3). The subjective norms
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that were analyzed are perceived usefulness (PU), perceived ease of use (PEOU), and

behavioral intention (BI).

Table 1 presents the questions that each of those subjective norms included.

Dependent variable

Question

Perceived Usefulness

(PU)

.("py) oIwO NNNaNa 2 1TY? 212! LIANA YIN'WN

.(Npy) OO NNNANA Y NIZ'WIN NK 19W7 212! DIANA WIN'WN

.(Npy) DIWO NNNaNY? 'wIn'w NIMY 212 DIANNY N/RXIN 1IN

Perceived Ease of
Use

(PEOU)

.J1121n1 NN DIANN DY 7Y ANPRIDIIND

21T 191 yRRN NWAIT NI DIANN DY NYPRIDINRN

WIN'W? % 1IANN K N/RXIN N

NV X INY QR DR NIWYY DIAND DN 11207 7p e n/RXIN "IN

Behavioral intention

(BI)

LIANA N/wNnwn M LmMnn DIPNA VIap wm'vwa a'n' bianny nhina

A2 wna it NIN DN

NN NIN DN DIANA WNNWRYT N/1wY R A wmwa ! vianny nnina

RIDN

wnnwn? ]"I/|JJ]']D N LMIaN DIPNA Viap vin'vya n'a! vianny nnina

Ty biana

3.4.4 Procedure

Table 1 - Dependent variable

The experiment included seven phases, 6 of them facilitated by the Temi robot (see Figure 4).

The experimental protocol was designed to be presented on Temi's display screen, with all

phases, including the explanation phase of the experiment. However, during the first

experiment, this approach proved problematic. The first participant requested to withdraw

from the experiment immediately following Temi's explanation of the experiment. This

reaction necessitated a methodological adjustment. In light of that, the experiment was

modified and the explanation about it was delivered by the researcher to mitigate potential

participant discomfort.

Initially, the researcher explained to the participants about the experiment, who then signed

the consent form, and filled out the Perceived Stress Scale (PSS) questionnaire. During phases

2-6, the participants wore an Emotibit sensor on the non-dominant wrist. The sensor
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remained in place and recorded the physiological measurements throughout the experiment,
being removed either after the second Stroop test or upon completion of the last phase of the
experiment.

Physiological data were recorded using the Emotibit Oscilloscope software, which facilitated
real-time note logging, among other features. Four phases were documented:

1. Baseline phase (see phase 3 in Figure 4): Participants viewed a researcher-created
video. This phase established a relaxed state baseline for subsequent comparative
analysis.

2. First Stroop test (see phase 4 in Figure 4): Participants completed a one-minute Stroop
test. This phase was designed to induce stress, to objectively examine the effect of
using the robotic application on the participant's stress levels. The remaining time to
solve the test was shown to the participant at the top of the screen and was read
several times by the researcher during the test, in an attempt to increase the pressure
exerted on the participant.

3. Robot application interaction (see phase 5 in Figure 4): Participants engaged with a
stress management robot application. Usage patterns varied, with some participants
fully utilizing the application and others exploring available options. Some of the
participants were asked to end the using of the application, due to time limitations as
a result of the experiment schedule.

4. Second Stroop test (see phase 6 in Figure 4): A second one-minute Stroop test was
administered to assess post-intervention stress levels. Time pressure was again shown

verbally and visually.

L [ ¥ WY W _—

Test levels Background Relaxing session and Stressor task -
explanation & questionnaires baseline stress Stroop test
informed consent (PsS) measurement

TAM questionnaire Stressor task - Robot session
Stroop test

Figure 4 - Flow of the experiment

The Temi robot provided further instructions, and participants watched a relaxing video

designed to create and measure a baseline level of the body indicators (video length is 2
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minutes). Next, they had one minute to solve as many questions of the Stroop test as they
were able to solve. This phase aimed to increase the stress level of the user. Following this,
one of the designed robot applications was displayed on the robot screen, in an attempt to
reduce the stress level that increased during the Stroop test. Finally, the participants took
another Stroop test using the same method (answering as many questions as he / she could
in one minute) and answered the Technology Acceptance Model (TAM) questionnaire.
Stress levels were quantified by the Emotibit sensor's data, and Perceived Stress Scale (PSS)
guestionnaire, while user acceptance and perceived benefit were evaluated through
questionnaires.

3.4.5 Analysis
The research question is "Does the involvement of older adults in the design process of a stress
management robot application intended for older adults increase the perceived benefit and
acceptance of the robot?". | assumed that the involvement of older adults in the design
process of technology in general, and robot application in particular, that intended to serve
older adults will adults increase the perceived benefit and acceptance of the robot.
Meaning, that | expected to see higher PU, PEOU, and Bl mean scoring by the participants of
group prototype B than the mean scoring by the participants of group prototype A.
Additionally, | expected to see higher levels of mean RMSSD and smaller differences of mean
RMSSD between different phases in the experiment in the prototype B group than in the

prototype A group.

Age Group
Stress Levels

Application Type

Figure 5 — TAM of a stress management robot application
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The analysis included visual analysis of boxplot graphs of TAM survey scores and statistical
tests (Mann—Whitney U test) on the relation between stress, PU, PEOU, and Bl to the design
of robot application (prototype A or prototype B).

The general stress levels of the participants were analyzed using PSS survey scores.

The stress levels during the experiment were analyzed using a calculation of RMSSD from IBI
recorded data by using the Emotibit sensor.

A statistical analysis was conducted on the average RMSSD levels derived from the
participants' IBl recorded data, as well as the average RMSSD differences across various
phases of the experiment.

Table 2 presents the types of stress situations during the experiment, resulting in a
comparative analysis of stress levels across the experimental phases. The analysis was
conducted by comparing the mean Root Mean Square of Successive Differences (RMSSD)
values of each of the three latter phases (Stroop Test 1, Application Usage, and Stroop Test 2)
to the mean RMSSD of the baseline phase.

Lower RMSSD values in the subsequent phases, relative to the baseline, were interpreted as
indicators of elevated stress levels. Based on the observed stress patterns throughout the
experiment, participants were classified into eight distinct categories. These categories reflect
the various combinations of stress responses across the three post-baseline phases, always
about the individual's baseline measurements.

This categorization scheme allows for a broad understanding of how participants' stress levels
changed throughout the different stages of the experiment, providing insights into the

differential effects of each phase on physiological stress indicators.

Type Stroopl App Stroop2
1 Not stressed at all Not stressed Not stressed Not stressed
2 Stressed at Stroop 2 Not stressed Not stressed Stressed
3 Stressed at app using Not stressed Stressed Not stressed

Stressed at app using &
4 Not stressed Stressed Stressed
Stroop2
5 Stressed at Stroop 1 Stressed Not stressed Not stressed
Stressed at Stroop 1 & Stroop
6 Stressed Not stressed Stressed
2
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Stressed at Stroop 1 & app

using

Stressed

Stressed

Not stressed

Stressed at all the phases

Stressed

Stressed

Stressed

Table 2 - Stress patterns conditions
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4. Results
This chapter presents an analysis of the study's key components, which include:
1. Comparison of robot application designs: An analysis of the differences between the
two outcomes of the robot application design processes (inclusive and non-inclusive).
2. Co-design workshop: An analysis of the inclusive design process.
3. Experiment analysis: This section includes several components:

a. Perceived Stress Levels (PSS) survey: An evaluation of participants' perceived
stress levels over the past month assessed using the PSS survey.

b. Objective Stress Measurement: An assessment of participants' stress levels
using the Emotibit sensor as an objective indicator of the robot application's
efficacy.

c. Technology Acceptance Model (TAM) survey: An analysis of the TAM survey to

gauge the perceived benefits and acceptance of the robot application.

4.1 Comparison of robot application designs

Two robot applications were developed by different design teams to examine the impact of
older adult involvement in the design process on the acceptance and perceived benefits of
stress management robot applications, two robot applications were developed by different
design teams.

The first application® (prototype A) involved the researcher, incorporating stress-reduction

solutions sourced from academic literature.

Figure 6 — Final robot's face design of prototype A (non-inclusive design process)

5> Research designed application: https://view.genially.com/66648f42f01fdd001450212c/interactive-content--
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The second application® (prototype B) was developed as part of a co-design workshop with
older adults. During this workshop, participants were presented with key insights from the
literature review included in this report to give the theoretical background for the application

idea. The content of the application was developed based on the preferences and relaxation

strategies of the older participants.
B = =

Figure 7 — Robot's face and accessories of prototype B (inclusive design process)

While both applications appear similar at first, sharing a common design language, several

distinct elements differentiate them. Here are the main of them:

e Color scheme: The first application features light pink and light green hues, whereas the
second employs slightly darker pink and blue hues.

e Robot face design: In the first application, the robot's face’, designed by the researcher, is
light pink, matching the background color of the application, with moving lips to simulate
speech. The eyes include fixed pupils with a blinking effect. The second application uses a
face designed by the robot's manufacturing company, featuring a white background, a
static smile that shifts side to side, moving pupils, and slight eyelid movement during
speech, without a blinking effect.

e Button design: The first application includes both text and icons on buttons to facilitate
cognitive ease for users, while the second application includes text-only buttons, as
workshop participants felt icons cluttered the screen. Additionally, the exit and back

buttons differ slightly in design between the two applications.

6 Co-designed application: https://view.genially.com/6660e61f8400e100144fd965/interactive-content--3
7 Robot's face example: https://youtu.be/DRKcYOkzDi0
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Content options: The first application offers four main activities (listening to songs,
practicing meditation, playing an online puzzle game, and practicing breathing). Only the
song-listening option provides further choices, allowing selection between English and
Hebrew songs, with five options per language. In contrast, the second application provides
six main activities (listening to songs, exercising, watching relaxing videos, playing online
games, listening to lectures, and watching movies), each with at least three sub-options.

Robot verbal interaction: In the interaction with the robot, users are prompted to engage
in a preliminary conversation before selecting a relaxing activity. Each interface
incorporates a distinct set of questions posed by the robot as part of the application
process. The application designed solely by the researcher includes two questions,
followed by an explanation of the application presented post-conversation. In contrast,
the interface developed during the co-design workshop features seven questions

preceding the explanation of the application.

Prototype A interaction transcription Prototype A interaction transcription
N L2IRW7 M @ 2 oNp Ll B LN 20 119172000 3 P RS LI 2O P NN n [ 4 A
n/wnn n/nx M7 0N\Ip
N wnan?1?2o0nnn .2 n/wan /AN .2
DNAT? NIV Nna 2 wro/ixan oN .3 PNIYWYZ 210" INW INnwN W' ORN .3
U202 72 Y2 T TN niwyy 20w N/Npi? /AR DNIMaN 2 NRNNpY 4
v nx'n7a NRx? /7am 2% 9 72N .5
JINXY? 0/9Tun xR 1Imaan NMY .6
/AN n/nrnn 7
OpP7N . TNA NIWY? 220w DNATnna v .8
D'NXNY DpP7N1 27w qonn 1 2u X
N'XIN7 N212' NV L,V TNAINY n20702
.N1NN DNIX

Table 3 — Robot verbal interaction transcription

Robot accessories: Co-design workshop participants wish to be able to physically touch

and feel the robot in stressful situations. They chose to include a bag containing soft

elements: a teddy bear, a pillow, and a small ball to facilitate relaxation through tactile
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interaction, replacing a hug that can be given to a person to aid relaxation, while the
researcher in her design (prototype A) did not include any accessories added to the robot.
Table 4 presents a visual comparison of key features across both design processes' outcomes

(prototype of stress management robot applications), categorized by functionality.

Category Prototype A Prototype B
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Table 4 — Visual comparison between the design processes outcome applications

4.2 Co-design workshop analysis
The following section delineates the main themes and insights that emerged from the
participants during these sessions.
4.2.1 First co-design workshop session analysis
This section delineates the key insights from three different activities that were delivered by
the researcher in the first session of the co-design workshop, as detailed in section 3.3.2.1.
4.2.1.1 Sing-along contest
1. After the sing-along contest, participants were asked how they felt during the contest.
After one of them answered that she felt stressed, the researcher asked them what
stress is. Participants conceptualized stress as uncomfortable feelings, fear, and
shame.
4.2.1.2 Presentation of the problem and key points from the literature review
1. After the researcher explained to the participants what is stress, the group talked
about the things that stress can cause. Next, the researcher asked what aids the
participants in coping with stress. Both of the participants answered that being with
other people can aid them in coping with stressful situations.
2. One of the participants suggested that robots are better and smarter than people

when asked why robots are suitable for managing stress.
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4.2.1.3 Caregiver of stress management robot activity
1. The characteristic of a caregiver robot or a stress management robot as perceived by
the participants is a friendly and intelligent robot, it does not need to be authoritarian.
2. The participants suggested that a caregiver robot or a stress management robot will
have something soft that can be touched, it does not give orders, has a name, and does
not make the user cry. One suggested that the robot would aid in relaxing with a hug,
and the other suggested that the robot would aid in relaxing with a conversation.
Participants did not agree on that.
3. The gender of a caregiver robot or a stress management robot is not important to the
participants.
4. One of the participants emphasized the importance of seeing eyes in the caregiver
robot or a stress management robot.
4.2.2 Second co-design workshop session analysis
This section delineates the key insights from activities that were delivered by the researcher
in the second session of the co-design workshop, as detailed in section 3.3.2.2.
4.2.2.1 General points
1. The participants frequently suggested during this session incorporating animal-
inspired elements, such as a dog face for the robot, or screening video of animals on
the robot screen. This follows from the previous session in which they asked if a
comparison was made between the impact of the help of a robot and the impact of
the help of an animal in reducing stress levels among humans.
2. One of the participants relates the use of the robot in various situations that are not
necessarily related to stress, such as illness.
3. One of the participants noted that the robot has good eyes, and told it that they "will
be good friends".
4.2.2.2 Characterization of the robot application's features
1. In the pre-discussion of the drawing and writing the robot application characteristics
and features, two participants advocated that the robot will have the ability to engage
in dialogue to facilitate relaxation. One of them suggested that the robot would explain
what to do in a stressful situation. The other participant suggested that the robot will

play music to help to relax in a stressful situation.
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2. In the pre-discussion of the drawing and writing the robot application characteristics
and features, the participants also suggested that the robot will call for another person
for help to help a person in a stressful situation.

3. Inthe assignment of drawing the robot and writing its characteristics, the participants
suggested that the robot will talk and listen, play music, play sports videos, and include
the option to play on its screen. Finally, they agreed with the sentences that the robot
will say at the beginning of the use of the application and will suggest playing music,
doing exercises, showing animals, and showing movies.

4. Inthe assignment of drawing the robot and writing its characteristics, two out of three
participants sketched the robot with human-like features, such as limbs and a face (see
Figure 8).

5. When selecting relaxation options, participants chose activities that personally relaxed
them or aligned with their hobbies. For instance, the chosen games were favorites of

the participants and ones they regularly played.

Figure 8 — Stress management robot application sketches and content ideas

4.2.3 Third co-design workshop session analysis
This section delineates the key insights from activities that were delivered by the researcher
in the third session of the co-design workshop, as detailed in section 3.3.2.3.

4.2.3.1 Using the developed robot application
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1. The participants used the prototype of the application that the researcher created
based on their preferences from the last session. They said that the using made them
feel good, and one noted that she could see herself using the application for more than
a few minutes.
4.2.3.2 Robot application improvements

1. One of the participants asked to have a longer and meaningful conversation with the
robot as a relaxation option. They did not agree on the length of the conversation,
because the other participant thought that the conversation with the robot should be
short and that the user would be able to stop the conversation with the robot in the
middle.

2. The participants agreed that the robot will not have clothes, but it will have soft
accessories that can be used by the user in a stressful situation.

3. One participant suggested that lectures on security and the political situation in Israel
were calming for him. However, this option was excluded from the application due to
the current sensitive security situation in Israel, which might evoke stress, anxiety, or

fear in others.
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Figure 9 - Participants preferences of the stress management robot application design and

content
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4.3 Experiment analysis

4.3.1 Participants
Perceived usefulness, perceived ease of use, and behavioral intention were evaluated using
the Technology Acceptance Model (TAM) survey (subjective measure).
The experiment involved 51 participants divided into four groups, of which 42 were included
in the final analysis. Participants were sampled by four groups of younger and older adults,
which saw prototype A (included 20 participants) or B (included 22 participants):

1. Young participants — prototype A: This group initially consisted of 15 participants. Due
to technical issues with the Emotibit sensor, data from 3 participants were excluded.

2. Young participants — prototype B: This group initially included 17 participants. After
excluding 4 participants due to sensor malfunctions.

3. Older adults — prototype A: This group included 10 participants, with data from 1
participant excluded due to sensor issues, and 1 participant asked to end her
participation shortly after the start of the experiment.

4. Older adults — prototype B: This group included 9 participants, all of whom were
included in the analysis.

More detailed data about the groups that are listed above is presented in Table 5.

Group Amount of | Min age | Max age Mean SD age Females Males
participants age
1 12 23 28 25 2 8 4
2 13 23 27 24 1 10 3
3 9 79 86 82 2 6 3
4 9 74 91 80 5 6 3

Table 5 — Participants age and gender data by groups

4.3.2 Stress
4.3.2.1 Perceived Stress Scale (PSS) survey analysis
Initial stress levels were measured by the Perceived Stress Scale (PSS) survey. The overall
average stress level among participants was categorized as medium (approximately 26

points).
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It can be seen that initial levels of stress were similar between groups (see Table 6).

Furthermore, the SD is similar between the examined groups and stands at approximately 5

points.
Group Mean PSS score SD
Prototype A 25.60 5.43
Prototype B 26.55 5.62
Total 26.10 5.49

Table 6 — PSS survey score analysis

As shown in Figure 10, all groups included a greater amount of participants who were defined
as having a moderate level of stress in general. Almost equal numbers of participants were
categorized as experiencing low stress (7 participants in each group), and medium stress (13
participants in the group of prototype A; 14 participants in the group of prototype B). Only the
group of prototype B included one participant who was defined as experiencing a high level
of stress.
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Figure 10 — Graph of Perceived Stress Scale Test (PSS) scores analysis

Some participants, particularly among the group of older adults, reported heightened stress

and anger, attributing these feelings to the ongoing war in Israel.

4.3.2.2 Physiological measurements analysis

Table 7 presents the recording duration data for each of the four experimental phases.
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The baseline phase recording time was observed with an SD of approximately 25%

(approximately 30 seconds) of the total relaxing video duration (2 minutes). This SD was

consistent across all examined groups.

Recording times for Stroop Test 1 and Stroop Test 2 were consistent with the expected

duration of each phase, which was approximately one minute.

The application usage phase was observed with a mean duration of approximately 8 minutes

and an SD of approximately 5 minutes. It is important to note that this phase was subject to

two confounding factors:

e Some participants were required to end their application use during their usage due to
scheduling constraints imposed by subsequent experiments.

e Other participants, particularly those in older age groups, were allowed to use the

application for as long as they desired.

Group Minimum Maximum Mean SD

Baseline Prototype A 39s 2min46s 1 min 47 27s

Prototype B 25s 2min25s 1 min 49 29s

Total 25s 2min46s 1 min48s 28s

Stroop 1 Prototype A 52s 1min37s Iminls 9s

Prototype B 50s Iminls 58 s 3s

Total 50s 1min37s 59s 7s
Application Prototype A 1min45s 20min2s 8minl2s 4 min51s
using Prototype B 4min30s 23 min 18 s 9min35s 4 min54s
Total 1min45s 23 min 18 s 8 min55s 4 min52s

Stroop 2 Prototype A 46 s 1min9s 58 s 5s

Prototype B 50s 1min2s 59s 3s

Total 46 s 1min9s 58s 4s

Table 7 — Experiment levels recording data and statistics

Table 8 presents the calculated mean RMSSD data for each of the four experimental phases.
A significant disparity was noted between the stress levels of participants utilizing prototype

A and those using prototype B. Specifically, the group using prototype B exhibited higher stress

42



levels (lower relaxation) compared to the prototype A group during the baseline phase
(watching a relaxing video).

On the other hand, the analysis of RMSSD differences across the experimental stages revealed
that in the phases of Stroop 1, application usage, and Stroop 2, the prototype B group
appeared to be relatively more relaxed (less stressed) than the prototype A group.
Furthermore, during the application usage phase, the stress levels of participants in the
prototype B group were more closely aligned with the baseline compared to those in the
prototype A group.

Lastly, an examination of the RMSSD differences between Stroop test 1 and Stroop test 2
indicated that participants in the prototype A group experienced increased stress during
Stroop test 2, whereas those in the prototype B group reported feeling more relaxed during
the same test. In this case, the stress levels of participants in the prototype B group were more
closely aligned with the baseline compared to those in the prototype A group as well as the

other cases.

Group Mean SD
Baseline mean Prototype A 3,066.62 4,155.92
RMSSD Prototype B 1,767.00 1,059.14
Total 2,385.87 3,001.68
Stroop 1 mean Prototype A 1,535.78 1,977.25
RMSSD Prototype B 1,555.55 746.39
Total 1,546.13 1,448.16
Difference between Prototype A -1,530.85 4,686.61
Baseline to Stroop 1 Prototype B -211.45 1,401.00
mean RMSSD Total -839.74 3,410.10
Application using Prototype A 2,150.78 1,609.13
(app) mean RMSSD Prototype B 1,715.39 738.46
Total 1,922.72 1,235.99
Difference between Prototype A -915.84 3,664.47
Baseline to app Prototype B -51.61 1,042.78
mean RMSSD Total -463.15 2,640.21
Prototype A 1,853.98 1,931.70
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Group Mean SD

Stroop 2 mean Prototype B 1,531.24 890.07
RMSSD Total 1,684.93 1,470.24
Difference between Prototype A -1,212.64 3,949.15
Baseline to Stroop 2 Prototype B -235.76 1,211.11
mean RMSSD Total -700.94 2,867.48
Difference between Prototype A 318.21 2,538.54
Stroop 1 to Stroop 2 Prototype B -24.31 1,101.00
mean RMSSD Total 138.80 1,907.14

Table 8 — Group stress data statistics

Further statistical analyses using the Mann—Whitney U test (see Table 9) were conducted to

evaluate the research hypotheses related to the participants' stress levels concerning the type

of application being tested (prototype A or prototype B), with a significant level of 0.05. These

analyses did not yield any statistically significant results, therefore, it is not possible to say

with certainty the results written above.

Null hypothesis

Asymptotic significance

Decision

1 The distribution of
BL_Mean_RMSSD is the same

across categories of Prototype.

0.801

Retain the null hypothesis.

2 The distribution of
S1_Mean_RMSSD is the same

across categories of Prototype.

0.074

Retain the null hypothesis.

3 | Thedistribution of Dif BL_S1is
the same across categories of

Prototype.

0.247

Retain the null hypothesis.

4 The distribution of
App_Mean_RMSSD is the same

across categories of Prototype.

0.98

Retain the null hypothesis.
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Null hypothesis Asymptotic significance Decision

5 | The distribution of Dif_BL_App is 0.546 Retain the null hypothesis.
the same across categories of

Prototype.

6 The distribution of 0.42 Retain the null hypothesis.
S2_Mean_RMSSD is the same

across categories of Prototype.

7 | Thedistribution of Dif_BL_S2 is 0.42 Retain the null hypothesis.
the same across categories of

Prototype.

8 | The distribution of Dif_S1_S2 is 0.481 Retain the null hypothesis.
the same across categories of

Prototype.

Table 9 — Hypothesis independent-samples Mann-Whitney U test on RMSSD (a¢ = 0.05)

Figure 11 visualizes the findings that are written based on Table 9, regarding only the RMSSD
measurements. From this graph, it is clear that the stress levels of participants from group
prototype B remain close to the baseline, while the stress levels of participants from group
prototype A are moving away. Overall, the trend of the stress levels is quite similar between
the prototype's groups, although there is a difference in the observed stress levels.
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= Prototype A Prototype B Total ==—=Baseling A == Baseline B

Figure 11 — Mean RMSSD graphic visualization
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The analysis of the stress levels across the experimental phases created 8 categories of stress
situations during the experiment and revealed that 50% of participants either maintained
elevated stress levels throughout the experiment or showed no significant stress elevation at
any point (see Figure 12). Only 10% of participants exhibited stress reduction following the
first Stroop test.

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0%

Prototype A
W Stressed at all the phases 9 6 15

Prototype B

W Stressed at Stroop 1 & app using

M Stressed at Stroop 1 & Stroop 2

M Stressed at Stroop 1

Stressed at app using & Stroop2

M Stressed at app using

M Stressed at Stroop 2

nink|o|lnlklo
Blelolm|n|lwn
W | k= = s N

B Not stressed at all

Figure 12 — Measured stress levels analysis by groups

The analysis of the results for each group shows that both groups included participants who
maintained elevated stress levels throughout the experiment, and participants who decreased
RMSSD levels during the second Stroop test. The group of prototype A included more
participants who were categorized as feeling stressed throughout the experiment and more
participants categorized as not feeling stressed at all.

The same amount of participants felt stressed only at the Stroop 1 test (with different
proportions between the groups, due to the different amount of participants included in each
group).

Only the group of prototype B included participants who relaxed during the second Stroop
test or felt stressed in the application usage and the second Stroop test, whereas only the
group of prototype A included participants who felt stressed only during the usage of the

application.
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4.3.3 Technology Acceptance Model (TAM) survey analysis

For each of the dependent variables, a mean and SD calculation was performed (see Table 10).
The analysis indicates that prototype A is perceived as more useful (PU) and that there is a
stronger behavioral intention (Bl) to adopt its use if the robot and application are made
accessible. However, prototype B is perceived as easier to use (PEOU).

Despite these perceptions, statistical analyses, using the Mann—Whitney U test, were
conducted on the statistical data in Table 10 and additional research hypotheses related to
PU, PEOU, and BI concerning the type of application being tested (prototype A or prototype

B), did not yield statistically significant results.

Dependent variable Group Mean SD
Perceived Usefulness Prototype A 4.82 1.79
(PU) Prototype B 4.09 1.69

Total 4.825 2.5

Perceived Ease of Use Prototype A 5.89 1.34
(PEOU) Prototype B 6.02 1.38
Total 3.827 0.818

Behavioral intention Prototype A 4.80 1.85
(BI) Prototype B 4.05 1.88
Total 4.978 2.463

Table 10 — Dependent variable statistics by prototype groups

A closer examination by the age group related to PU revealed no significant difference in the
mean levels of intention to use a robot in the future when segmented by age groups:
e Younger adults: mean =4.48

e Older adults: mean =4.31
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Figure 13 — Boxplot graph of PU and its score related to age group

Similarly, when segmented PU by the type of robot application, no substantial difference was
observed:
e Researcher-designed application: mean = 4.8

o Co-designed application: mean = 4.06

~ -

6
L

pu_dataset$score

~ - _ —_—

Researcher application Co-designed application

Figure 14 — Boxplot graph of PU and its score related to the robot application type

A closer examination by the age group related to Bl revealed no significant difference in the
mean levels of intention to use a robot in the future when segmented by age groups:
e Younger adults: mean =4.24

e Older adults: mean = 4.65
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Figure 15 — Boxplot graph of Bl and its score related to age group

Similarly, when segmented Bl by the type of robot application, no substantial difference was
observed:
e Researcher-designed application: mean = 4.8

e Co-designed application: mean = 4.05
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T T
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Figure 16 — Boxplot graph of Bl and its score related to the robot application type

The high variability in overall responses appears to be primarily attributable to the diverse
responses within the older adult group in both cases (PU and BI). This suggests that factors
beyond age and application type may be influencing user acceptance, perceived usefulness,
and intention to use.
Further statistical analyses using the Mann—Whitney U test were conducted to evaluate the
research hypotheses related to the participants' PU, PEOU, and Bl concerning the type of
application being tested (prototype A or prototype B) with a significance level of 0.05. Table
11 describes the results of this test.

e PU —the null hypothesis was rejected (p-value < a), meaning the difference between

prototype A to prototype B concerning PU was statistically significant. The observed
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standardized effect size indicated that the differences between the prototype's group
were small. Additionally, a score of PU in the group of prototype A had a probability of
62% to be greater than a score of PU in the group of prototype B.

PEOU — the null hypothesis was not rejected (p-value > a), meaning the difference
between prototype A to prototype B concerning PEOU was not statistically significant.
Bl — the null hypothesis was rejected (p-value < a), meaning the difference between
prototype A to prototype B concerning Bl was statistically significant. The observed
standardized effect size indicated that the differences between the prototype's group
were small. Additionally, a score of Bl in the group of prototype A had a probability of

61% to be greater than a score of Bl in the group of prototype B.

To sum up, with a significance level of 0.05 prototype A is perceived a little more as useful and

was a little more likely to be used than prototype B. This is in contradiction to the research

hypothesis.
Dependent variable p-value Standardized Common language
effect size effect size
Perceived Usefulness (PU) 0.019 0.21 (small) 0.62
Perceived Ease of Use (PEQOU) 0.255 0.088 (small) 0.45
Behavioral intention (BI) 0.026 0.2 (small) 0.61

Table 11 — Mann-Whitney U test on TAM (a = 0.05)

Some participants mistakenly included the Stroop test as part of the examined robot

application, potentially biased their responses.
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5. Discussion

The objective of this research was to investigate the impact of involving older adults in the
design process of a stress management robot application on its acceptance and perceived
benefits by other older adults. In a comparison between the two outcomes from the design
processes, 6 main differences were found. We assumed that engaging older adults in the
development of technology intended for older adults use would enhance the PO, PEOU, and
Bl. This assumption is based on the premise that involving end users in the design process
improves the product's alignment with the target users, thereby increasing acceptance and
perceived benefits. No significant results were observed concerning prototype and stress
levels, but it has been shown that the mean RMSSD levels of participants in the group of
prototype B during the Stroop tests and the application usage were closer to the mean RMSSD
of the baseline. Analysis of the TAM questionnaire with a Mann-Whitney U test evinces that
in a significance level of 0.05 prototype A is perceived a little more as useful and was a little
more likely to be used than prototype B.

The co-design workshop analysis emphasized the attitudes of older adult participants toward

robots and their ways of coping with stress.

5.1 Experimental factors
Prototype A was perceived as more usable and was more likely to be used compared to
prototype B even though that older adults, who are part of the stakeholders, did not
participate in the design process, in contradiction to the research hypothesis and contrary to
other evidence from the literature (Frennert & Ostlund, 2014). This finding contradicts the
other test results. Although they are not significant, it can be seen that in terms of trends in
the mean RMSSD levels, it seems that prototype B has a more positive effect on the users,
namely it is more efficient and brings them significantly closer to the mean RMSSD levels of
the baseline phase than the results measured for prototype A.
The gap between the significant experimental results and the observed results (which were
not significant) may be due to several reasons:
1. Reliability of IBl measurements in the baseline phase that affected the RMSSD: Various
malfunctions occurred in the relaxing video while participants watched it. The breaks
that were caused due to those malfunctions could interrupt the measurements by

creating stress, or the participants got used to the video that was played 2 or 3 times
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sometimes until it worked. It may create a relatively high variation of time
measurements between participants that may affect the quality of the results. It is
possible that if the variation were lower the results would be more accurate because
the same amount of data would have been collected on each user.

Factors affecting technology acceptance: There may have been additional factors
affecting the behavioral intentions of the participants that were not examined in this
research, such as demographic characteristics, trust in the technology, and the ability
of the participants to learn it (Berkowsky et al., 2017).

External stressors: The effects of external stressors (e.g., impending academic
examinations, ongoing concerns due to the war in Israel) may have influenced and
biased the results of the experiment conerrning the measured IBI levels and affected
the gap between the perceived usefulness and the actual impact of each prototype.
Shortening the use of the prototype: Some of the participants were asked to shorten
the use of the application due to time constraints resulting from the experiment's
schedule. It is possible that this prevented them from successfully lowering their stress
levels and affected the stress levels measured throughout the experiment.

Stress coping abilities: Some participants showed minimal stress reactivity and may
have coped better with stressful situations or did not find the experimental tasks
challenging enough to elicit a stress response. This result may also have affected the
observed RMSSD levels and the impact on the observed gap between the results of

the TAM questionnaire analysis and the analysis of the physical measures.

5.2 Co-design workshop factors

During the design workshop, different attitudes of the adults were observed toward the robot

and towards actions that help reduce stress. Approaches to reduce stress resulting from the

humanization of the robot are possible or offering solutions that do not involve the robot

(such as using animals to reduce stress levels) affect the actual usability of the prototype

designed as part of the co-design process.

On the one hand, there are elements in the prototype created in this process that were

supposed to increase the desire to adopt it, such as activities in the prototype that can be

customized (Whelan et al., 2018) of the user. For example, the given options under the music

category - to listen to the song, dance along with it, or sing along with it. On the other hand,
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the design process with older adults does not need to bring any results (Fischer et al., 2020).
Including participants in the design processes (inclusive and non-inclusive) with suitable

professional background would have affected the experimental indicators differently

5.3 General factors

Another factor that may have influenced the usability and acceptance of each of the
prototypes is the participants' first impression of the robot or prejudices about using the
robot. Some were stressed by the robot (such as the participant who withdrew from the
experiment immediately after the robot explained the experiment), for example as a result of
the novelty effect, and there may have been participants who were left with a positive first
impression that encouraged acceptance and perceived usefulness of the prototype. It is also
possible that gaps between the perception of the technology and the technology itself
affected the users' first impression of the robot. Users may perceive robots as advanced
technology with high and innovative capabilities, but in practice, the robot is perceived as

having limited and few capabilities.
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6. Limitations

1.

The quality and speed of the Internet affected the videos shown during the
experiment, among others the relaxing video shown in the baseline phase, which
affected the quality of the calculated average RMSSD level result, due to the
disturbances created during the measurement. This can be improved by higher quality
internet and delivering the experiment in rooms with higher internet reception (e.g.
rooms above ground level).

The experiment took place during a war that occurred in Israel, which may bias the
answers of the participants in the PSS questionnaire, and the average RMSSD levels
calculated in the experiment.

There is a large difference in the technological experience of the participants in the
workshop and the experiment, which may affect the research results which are not
significant or have a relatively large standard deviation. Future studies should examine
this factor as part of the study, for example in pre-experiment surveys.

Some users were asked to end the use of the application due to a time limit created
by experiments set afterward, therefore it was not possible to analyze the time of use
of the application. This can be solved by separating the experiment phases that do not
include the application usage to another device such as a computer or tablet.

Some of the participants may have experienced a novelity effect, which affected the
results of the experiment.

The recording times of the stages shown in the experiment do not necessarily
represent the time that the various stages were conducted, due to differences
between the start/end times of the stage. Additionally, the speed of writing the logged
notes and keeping them by the researcher during the experiment is due to
dependence on the recording intervals by the sensor (it does not record the data
continuously. In future studies, it is recommended to make the notes log
automatically.

The experiment was modified and the explanation about it was delivered by the
researcher to mitigate potential participant discomfort, due to the withdrawal of the
first participant from the experiment immediately after the robot explained the

experiment.
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Due to malfunctions, some of the participants used a robot colored white, and some
used a robot colored black. This may affect the results and add a new factor that
influences robot acceptance (Liberman-Pincu et al., 2023). The black-colored robot
may perceived as more formal than caregiving, in comparison to the white-colored
robot. In future studies, it is recommended to have a backup version of the robot that
is similar as much as possible to the original robot.

Due to malfunctions in the Emotibit sensor, some of the participants who took the
experiment were excluded from the results analysis. It is recommended to have a
backup sensor and to take a break every 2-3 hours of consecutive experiments to

charge the sensor and refresh the software.
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7. Conclusion and future work

The findings from the analysis of the results provide insights into the differential stress
responses across age groups and experimental conditions, highlighting the complex interplay
between cognitive tasks, technological interventions, and physiological stress indicators.

The significant results of the experiment showed contrary to the research hypothesis that the
outcome of the non-inclusive design process was perceived as more useful and there were
greater intentions to use it, compared to the outcome of the inclusive design process. The
conclusion that the non-inclusive design is better for technologies that are used by adults
cannot be accepted absolutely, because some of the results of the experiment are not
significant and it is recommended to conduct this study one more time with adjustments of
the design processes and experiment processes.

7.1 Recommendations

» Co-design workshop participants: It is noteworthy that not only did some participants
in the co-design workshop (inclusive design process) lack a professional background in
technology, but some also did not own any technological devices (including
smartphones and cellphones). | would recommend for future work to recruit older
adults with professional technology backgrounds and older adults with professional
design backgrounds (from the academy or the industry), as is done in the design of
technologies in the industry (the design process involves suitable professionals), to
increase the benefit and acceptance of this design process outcome.

* Application videos: Some of the robot application windows included links to YouTube
videos. Some of the videos included static pictures (instead of video clips). For future
designs, | would recommend adding video clips to raise the user's level of interest in
the application and focus him on it. It is possible that in a situation where a staticimage
is displayed, the user gets bored or is not focused enough on the content of the
application, and relaxation is not created, because the focus is not drawn to the
application from the stressful situation.

e Using the robot throughout the whole experiment: The first intention was to use the
robot throughout the whole experiment. This was aiming the participants will get used

to using the robot until will got to the phase of the stress management robot
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application, to view more reliable outcomes from the experiment (fearing that using
the robot for the first time during the application use phase would cause stress that
affects the measured stress level). Some of the participants noted while filling out the
TAM survey that they were not feeling relaxed during the Stroop test, meaning they
thought it was part of the examination application. For future work, | would

recommend changing the experiment and its platform.

7.2 Future work

One of the possibilities for future research is to expand this research by changing the design
processes to include participants with an appropriate professional background and developing
identical design processes that in both cases will include workshops that will be conducted by
the researcher. If this study is repeated, the experimental methodology must be changed.
After changing the design and experimental methods, it is recommended to do the same
process with people with dementia, because originally the stress management robot
application was intended to serve them.

Another possibility for future research is in the technological aspect of connecting the sensor
to the robot for the robot to detect a state of stress as a result of the change in the measured
parameters of the person wearing the sensor.

Different future research includes examining the effect of older adults' attitudes towards
robots on the quality of the design process of a product that uses a robot and the product
obtained from the process.

It is possible to examine the perceived acceptance and benefit by younger adults of an older
adults' inclusive design process outcome of a stress management robot application intended

for older adults.
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9. Appendixes

Appendix 1 - Fundamentals of Human-Computer Interaction course syllabus

Ben-Gurion University of the Negev

Department of Industrial Engineering and Management

Human-Computer Interaction
364-1-1711
Ela Liberman Pincu

Fall Semester 2023-2024

Class: Wednesdays 11am-2pm

- A .
31/01 FULE methodology- Functionality, Usability,
Look-and-Feel and Evaluation
07/02 Human-robot interaction
14/02 Design thinking
21/02 Usability heuristics + Individual assignment
28/02 Presenting personal assignments In class or by email
06/03 UX Strategy
13/03 Final Project Presentation **Zoom

Appendix 2 — Fundamentals of Human-Computer Interaction course sub-submissions

2.1 The problem and it's application based solution

Stress management robot interface

Problem #1

Older adults may
not always be
aware of changes
in their stress
levels, and even
when they do

notice, they may
not feel
comfortable
addressing it,
possibly due to
societal stigmas

for older adults

Problem #2

Caregivers of older
adults may lack
awareness
regarding changes
in the stress levels
of the individuals
they care for, and
they may also face
limitations in
accessing
resources to
effectively manage
heightened stress
levels

Group 9 - Idan Yonatanov, Reut Alon

Proposed

Solution
A stress
management robot
interface for older
adults. This robot
will be able to
identify changes in
stress levels

among older
adults, and upon
detection, it will
approach them to
activate the stress
management
interface
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2.2 HomeWork 1 — Research: Literature and competitive review
o Literature review:

o Design insights: The design study should include the next steps: learn, winnow, cast,

discover, design, implement, deploy, reflect, and write (Sedlmair, Meyer & Munzner,
2012). The design study is not characterized by a linear progression; rather, its various
phases exhibit significant overlap, rendering it an iterative and dynamic process. Since
the robot's type is a social robot, it should follow the "social rules" of humans, and act
by human cognitive behavior to be able to cope and react to human feelings (Mahdi,
Akgun, Saleh, & Dautenhahn, 2022). As a social robot that intends to serve older adults
with dementia, it is best to follow the Alzheimer’s Association Sugden-Best suggestions
for effective communication strategies, such as: accessing the person from the front,
using the person's name before starting the conversation, using simple language, and
use proper facial expressions (Banovic, S., Zunic, L. J., & Sinanovic, O. (2018). Another
thing to notice when using robots for the care of older adults with dementia is that they
prefer small animal-shaped or humanoid robots, that do not leave the impression that
they are replacing human care provided (Géngora Alonso, Hamrioui, de la Torre Diez,
Motta Cruz, Lépez-Coronado & Franco, 2019). Additionally, Whelan, Murphy, Barrett,
Krusche, Santorelli & Casey (2018) found in their research that 60% of the test users
preferred the robot to stop 0.45-3.6 meters from them (0.5 m is the edge of the intimate

zone for human-human contact).

[:_[i:d” \/\/-—_\_f‘l vt,( “ca /_—I-Qil (:r >-5~ Sigr 11\[(/ rr‘(;e n':w > d. eploy :\?-_r;!lmi I;E_EE:;/\,.
"""" PRECONDITON ~~  CORE  ANALYSIS

personal validation inward-facing validation outward-facing validation

The picture is taken from SedImair et al. (2012) paper

o A summary of open questions:

# What are the recommendations for visual designing applications for older adults with

dementia?
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# What is the best volume and tone of voice to use to speak to older adults with
dementia?
# Which persona should be the voice of the robot? (child/adults, women/men/Siri
style...)
o Competitive review:
o CALM Robot - CALM Robot is a project that involves the co-design of a smart stress-relief

robot that uses tactile sense to guide slow deep breathing exercises.

Parameter Pros Cons
User needs Soothes with | Limited by only using one option for relaxation
breath
exercise
Interaction By hugging the robots | Does not possess advanced communication skills. It

cannot engage in complex verbal conversations, which
may be a limitation for users seeking more interactive

dialogue

Visual designed | Soft and gentle Does not provide personalization options

o Calm- Calm is a popular meditation and relaxation application that provides guided
meditation sessions, sleep stories, and calming music. It's suitable for users of different

age groups, including older individuals.

Parameter | Pros Cons

User Provides many options for reducing | Calm offers a subscription-based model, and

needs tension and anxiety some users may find the cost prohibitive. This
can limit access to certain features for those
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who are unable or unwilling to pay for a

subscription

Interaction | Calm boasts an intuitive and user- | Users who are less familiar with technology
friendly interface. Navigating the app | might find the app's interface or features a bit
is straightforward, making it easy for | complex
users to access various features and
content

Visual Calm features a clean and minimalistic | Users with visual impairments might find the

designed design, which helps users focus on | default text size or color contrast challenging.

content without unnecessary
distractions. The simplicity of the
interface contributes to a calming and

user-friendly experience

X

More options to adjust text size, font, and
contrast could improve readability for a

broader range of users

SLEEP STORA&/

My @

Calm Body

Audio Video Available

What brings you to Gl ?

This will help us recommend the right content for you.

&

Reduce Anxiety
ﬂ Develop Gratitude
D Increase Happiness

Matthew

&% Reduce Stress McConaughey

@ Better Sleep

£ Build Self Esteem
=

6& Improve Focus

CONTINUE

2? E
¥y
'

&

Mindful Warm Up

— v

“*}I

Morning Stretch Evening Stretch

- -
4

“ -
& —e
A

)y (@)

o PARO- Paro is a therapeutic robot designed to resemble a baby harp seal. It responds to

touch, makes sounds, and has expressive features to provide emotional support and

comfort. Paro has been used in various settings, including healthcare facilities and

homes, to assist individuals experiencing stress, anxiety, or loneliness.

Parameter | Pros Cons
User PARO can recognize and respond to human | Some individuals may prefer more
needs emotions. It can detect changes in tone of | dynamic or varied interactions, and

voice and respond with appropriate sounds
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and movements, creating a more

emotionally attuned interaction

PARO's limited range of responses may

not meet their expectations

Interaction | PARO is equipped with various sensors, | Does not possess advanced
including tactile sensors on its body, it | communication skills. It cannot engage in
responds to touch which creates a | complex verbal conversations, which
responsive and interactive experience may be a limitation for users seeking

more interactive dialogue

Visual PARO is designed to be soft, cuddly, and | Does not provide personalization

designed huggable. Its tactile and physical presence | features

allows users to hold, pet, and hug the
robot, simulating the comforting sensation

of interacting with a living creature

e Synthesis:

o Which designing factors influence robot adoption among older adults with dementia?

o Which challenges are caregivers of older adults with dementia coping with?

o Which stress management technique can help reduce stress levels among older adults

with dementia?

¢ References:

o Banovic, S., Zunic, L. J., & Sinanovic, O. (2018). Communication difficulties as a result of

dementia. Materia socio-medica, 30(3), 221.

o Goéngora Alonso, S., Hamrioui, S., de la Torre Diez, I., Motta Cruz, E., Lopez-Coronado,

M., & Franco, M. (2019). Social robots for people with aging and dementia: a systematic

review of literature. Telemedicine and e-Health, 25(7), 533-540.
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evolution of social robots—Past, present and future. Robotics and Autonomous
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o Sedlmair, M., Meyer, M., & Munzner, T. (2012). Design study methodology: Reflections
from the trenches and the stacks. IEEE transactions on visualization and computer
graphics, 18(12), 2431-2440.
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Appendix 3 — Ethical Approval

ﬁ Ben-Gurion University of the Negev ~ Human Subjects Research Committees

APPLICATION FOR APPROVAL TO USE

HLUMANS AS SUBJECTS IMN EMPIRICAL STLUDY

I. General

MName of Research Project: Biases and attitudes towards co-designing a social assistive stress
management robot application for older adults

To which agency is the proposal being submitted (or has been submitted):

Principal Investigator/s (or academic supervisor/s):

Mame: Yacl Edan Mame: Ittay Mannheim

Department: Department of Industrial Department: Department of Indostrial
Engincering & Management Engincering & Management

Academic position: Prof Academic position: Postdoc researcher
University Telephome: 08-6472232 University Telephomne:

Mouohile Phone: Mouohile Phone: 0547945544

University Email: vaeli bgu.ac.il University Email: ittaymi@ post.bguo.ac.il
Other Emuail: Other Email: ittay.mannheimi@gmail.com

Name(s) of those conducting the research (if different from above):

Name: Reut Alon Name:

Department: Department of Induostrial Department:
Engincering & Management

Academic position: Student Academic position:
University Telephomne: University Telephomne:
Mobile Phone: 054-7260111 Mobile Phone:
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ﬁ Ben-Gurion University of the Negev ~ Human Subjects Research Committes

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS IN EMPIRICAL STUDY

Email: alrefa post.bgu.ac.il Email:

Il. Consent to Participate
Are the subjects able to legally consent to participate in the research? ElYes [INo

If yes, proceed to | If no, proceed to 2 and complete a, b, c.
1. Will the subjects be asked to sign a consent form? E‘:’cs-" D Mo

If vou answered no, please explain here:

2. If a subject cannot legally consent (minors, mentally incapacitated, etc.):

a. Will the subject's legal guardian be asked to sign a consent form? Ces: Cne
If you answered no, please explain here:
b. Will the subject be asked to give oral consent? I:l‘:"cs-" D Mo
. Are the instructions appropriate to the subjects’ level of understanding? [ J¥es/ [INo
Comments:

111. Discomfort:
3. Will the participants be subjected to physical discomfort? D‘l"t—s.l' E Mo

4. Will the participants be subjected to psychological discomfort?: E"l"ua’ D Mo

If you answered yes to guestion 3 or 4 above, add here a detailed explanation of the
circumstances

We do not expect that during the experiment the participants will feel severe psychological
discomfort, but since the participants are performing a Stroop test and some of them are meeting a
robot for the first time and wearing a sensor for the first time, some of them may feel shightly stressed.

1V. Deception
5. Does the rescarch involve deceiving the subjects? El'&"fs ! E Mo
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ﬂ Ben-Gurion University of the Negev ~ Human Subjects Research Committee

APPLICATION FOR APPROVAL T USE

HUMANS AS SUBJECTS IN EMPIRICAL STUDY

. Is the decision on the part of the subject to participate in the study based on
deception? (For example, if they are informed only after the event of their participation. )

|:|'&"'r5:' E Mo

If you answered yes to question 5 or 6 above, add here a detailed explanation why deception is
MECESSATY:

V. Debriefing of Subjects

If the study involves any discomfort or deception, it is necessary to personally debrief the subjects
atter the experiment in order to explain the reasons for the discomfort and/or deception. If the study
does not involve any discomfort or deception. the subject should be provided, upon completion of the

experiment. with a brief written description of the study's objectives.

7. Will the subjects be debricfed orally? Clves ! B No

8. Will the subjects be debriefed in writing? Cves B Mo

If you answered no to both 7 and 8 above, explain below: Because the study does not involve
deception of the participants and dees not involve creating intentional psychological discomfort, we
will not debrief, but we will mention in the part of the concent signing that the meeting with the robot,
filling the Stroop test and weanng the sensor can cause changes in stress levels.

V1. Compensation for Participation

9. Will the subjects receive compensation for participation? [ ves/ B Ne
If the compensation is monetary, give details:
Other type of compensation detail here:

If you answered no to guestion 9, explain the basis for participation: Participation is
voluntary.

VIL Privacy:

10. Will audio and/or visual recordings be made of the subjects? Bdves/ [No
11. If yes, are they informed of this fact in the consent form? E"r’:s ) El Mo
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ﬁ Ben-Gurion University of the Megev ~ Human Subjects Research Committee

APPLICATION FOR APPROVAL TO USE

HUMANS AS SUBJECTS IN EMPIRICAL STUDY

12. Will the data collected contain identifying details about the subjects? Bdves/ [ INo

13. If the data contains identifying details, what steps will you take to ensure the
confidentiality of the information? How will the data be stored? What will be done with
identifying information or recordings of the subjects at the end of the research?

Since the participants in the experiment can be identified through their videos that will be
recorded during the experiment, although no p-:mna] details about them will be collected
dunng the experiment, the videos will be saved in a passw nrd-pmlcctf::l folder on the
university research drive {one-drive). Files will be named using a participant number
identifier.

In the recordings of the co-design workshop, only sound will be recorded (no image) and no
personal information will be collected about them dunng the workshop sessions. Details of the
participants in the workshop will be kept in a separate password protected file for contact

purposes.

VIII. Withdrawal from the Stud

BE

14. Will subjects be informed that they may withdraw

from the study at any time? E‘i"ﬁ ! |:| Mo
15. Will the subjects incur any loss, monetary or other, if they withdmw from the
study before its completion? I:l‘r'fsf E No

If yvou answered yes to question 15, specify the loss that will be incurred and why:

IX. Research equipment

16. Does the research entail the use of equipment other than standard equipment, such as
computers, video recording equipment? B Yes' [JMa

17. If yes, does the equipment being used meet safety standard for use with
human subjects? Please specify which standards. BdYes' (Mo

The experiment will include the use of Temi robot and Emotibit sensor.

Although Temi robot is a porsonal robot for home use, it does not have a specific safety
standart document. The Temi robot's company ensure that the robot follows top regulation and
quality standards that related to data security, using the Amazon Web Services to secure Temi
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HUMANS AS SUBJECTS IN EMPIRICAL STUDY

cloud platform (as described at the FAQ in the Term website -
https://www.robotemi.com/fag/).

Emotibit sensor created for research, personal health and education, but does not have a

specific safety standart document.
Signatories:
Name: Yacl Edan Position: Prof Name: [ttay Mannheim Position: Postdoc
; researcher
Signature: # ﬂ. Date: 15052024 Y
Signature: [T " Date: 15/05/2024

Title of Research Project: Biascs and attitudes towards co-designing a social assistive stress
management robot application for older adults
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This section is to be filled out by & member of the Human Sabjecis Research Commities ooy

Decision of the Committee:

Approval for research: \l?' Granted / |:| Denied

The decision of this committes pertains only to ethical considerations involved in the conduct of the

rescarch.

Comments to the researcher in the event that application has been denied:

Signature of committee:

Yakir Berchenko
Name:

Signature: ﬁ .._- Date: 2752024
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Appendix 4 — Consent forms
4.1 Co-design workshop consent form
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Appendix 5 — Questionnaire protocol
5.1 Co-design workshop background questionnaire
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5.2 Perceived Stress Scale (PSS) translated questionnaire
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5.3 Technology acceptance model (TAM) questionnaire
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Appendix 7 — Stroop test

7.1 Stroop test example
00:35
MIVIAN NS00 12 YaND NN

DYTN

hah)

7.2 Stroop test's timer html code for Qualtrics
7.2.1 Timer's code for the first question
<script type="text/javascript">
Qualtrics.SurveyEngine.addOnload(function() {
var totalSurveyTime = 60;
var startTime = Date.now();
// Function to update the timer display
function updateTimer() {
var currentTime = Date.now();
var elapsedTime = (currentTime - startTime) / 1000; // Elapsed time in seconds
var timeLeft = Math.max(0, totalSurveyTime - elapsedTime); // Time left in seconds
// Convert timeLeft to minutes and seconds
var minutes = Math.floor(timelLeft / 60);
var seconds = Math.floor(timeLeft % 60);

// Format the time remaining

101



var formattedTime = minutes.toString().padStart(2, '0') + " +
seconds.toString().padStart(2, '0');
// Update the timer display
document.getElementByld('timerDisplay').textContent = formattedTime;
// Check if time is up
if (timelLeft <=0) {
clearInterval(interval); // Stop the timer
document.getElementByld('timerDisplay').textContent = 'Time\'s up!’;
// Redirect or handle end of survey here
window.location.href =
"https://view.genially.com/667d1clalb7c540014e0b232/interactive-content-2"; // Replace

with your destination URL

}
}

// Update the timer every second
var interval = setInterval(updateTimer, 1000);
// Call updateTimer immediately to start the countdown
updateTimer();
};
</script>
<div id="countdown_timer">
<p style="text-align: center;">
<span style="font-size: 37px;">
<span id="timerDisplay">01:00</span>
</span>
</p>
</div>
7.2.2 Timer's code for all the questions but the first question
<script type="text/javascript">
Qualtrics.SurveyEngine.addOnload(function() {
var totalSurveyTime = 60; // Total time in seconds for the entire survey

//var startTime = parselnt("${e://Field/surveyStart}");
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// Function to update the timer display
function updateTimer() {
var currentTime = Date.now();
var elapsedTime = (currentTime - startTime) / 1000; // Elapsed time in seconds
var timeLeft = Math.max(0, totalSurveyTime - elapsedTime); // Time left in seconds
// Convert timelLeft to minutes and seconds
var minutes = Math.floor(timeLeft / 60);
var seconds = Math.floor(timeLeft % 60);
// Format the time remaining
var formattedTime = minutes.toString().padStart(2, '0') +
seconds.toString().padStart(2, '0');
// Update the timer display
document.getElementByld('timerDisplay').textContent = formattedTime;
// Check if time is up
if (timelLeft <= 0) {
clearInterval(interval); // Stop the timer
document.getElementByld('timerDisplay').textContent = 'Time\'s up!’;
// Redirect or handle end of survey here
window.location.href =
"https://view.genially.com/667d1clalb7c540014e0b232/interactive-content-2"; // Replace
with your destination URL
}
}

// Update the timer every second
var interval = setInterval(updateTimer, 1000);
// Call updateTimer immediately to start the countdown
updateTimer();
1
</script>
<div id="countdown_timer">
<p style="text-align: center;">

<span style="font-size: 37px;">
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<span id="timerDisplay"></span>
</span>
</p>

</div>
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Appendix 8 — Temi robot's sequences in the experiment
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Appendix 9 — Experiment checklist
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Appendix 10 — Older adults invitation for participating in co-design workshop and

experiment
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Appendix 11 — Data analysis code
11.1 Emotibit data analysis
11.1.1 Timestamps converter + merge notes and data
import pandas as pd
from datetime import datetime
import numpy as np
def convert_timestamp(timestamp):
try:
# Convert Unix timestamp to datetime
dt = datetime.fromtimestamp(float(timestamp))
# Format the datetime as requested
return dt.strftime('%d-%m-%y %H:%M:%S')
except Exception as e:
print(f"Error converting timestamp {timestamp}: {e}")
return None
def find_closest_timestamp(target, timestamps, direction="after"):

if direction == 'after":
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return min((ts for ts in timestamps if ts >= target), default=None)
else: # 'before'
return max((ts for ts in timestamps if ts <= target), default=None)
def safe_to_datetime(ts):
try:
return pd.to_datetime(ts, unit="s' if ts.isdigit() else None)
except:
return pd.NaT
# Load the Bl.csv file
bi_data = pd.read_csv('C:/Users/Owner/Desktop/Emotibit data/102/2024-07-08_12-42-16-
956568 Bl.csv') # Replace with your actual file name
un_df = pd.read_csv('C:/Users/Owner/Desktop/Emotibit data/102/2024-07-08 12-42-16-
956568 UN.csv')
# Convert LocalTimestamp to the requested format
bi_data['FormattedTime'] = bi_data['LocalTimestamp'].apply(convert_timestamp)
# Reorder columns to put FormattedTime at the beginning
columns = ['FormattedTime'] + [col for col in bi_data.columns if col != 'FormattedTime']
bi_data = bi_data[columns]
# Convert LocalTimestamp to datetime
bi_data['LocalTimestamp_dt'] = bi_data['LocalTimestamp'].apply(safe_to_datetime)
un_df['LocalTimestamp_dt'] = un_df['LocalTimestamp'].apply(safe_to_datetime)
# If conversion failed, use numeric sorting
if bi_data['LocalTimestamp_dt'].isna().all() or un_df['LocalTimestamp_dt'].isna().all():
bi_data['LocalTimestamp_dt'] = pd.to_numeric(bi_data['LocalTimestamp'], errors='coerce’)
un_df['LocalTimestamp_dt'] = pd.to_numeric(un_df['LocalTimestamp'], errors='coerce')
# Sort both dataframes by LocalTimestamp
bi_data = bi_data.sort_values('LocalTimestamp')
un_df = un_df.sort_values('LocalTimestamp')
# Create a copy of bi_data and add a new 'UN' column
merged_df = bi_data.copy()
merged_df['UN'] = np.nan

# Create a dictionary for faster lookup
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bi_dict = dict(zip(bi_data['LocalTimestamp'], bi_data.index))
# Iterate through UN dataframe
for _, un_row in un_df.iterrows():
un_timestamp = un_row['LocalTimestamp']
un_data = un_row['UN']
if un_timestamp in bi_dict:
# Exact match found
merged_df.at[bi_dict[un_timestamp], 'UN'] = un_data
else:
if str(un_data).startswith('end'):
# Look for closest timestamp before
closest ts = find_closest_timestamp(un_timestamp,
'before')
else:
# Look for closest timestamp after
closest ts = find_closest_timestamp(un_timestamp,
‘after’)
if closest_ts is not None:
merged_df.at[bi_dict[closest_ts], 'UN'] = un_data
# Remove LocalTimestamp_dt from columns if it exists
if 'LocalTimestamp_dt' in columns:

columns.remove('LocalTimestamp_dt')

bi_data['LocalTimestamp'],

bi_data['LocalTimestamp'],

# Calculate squared difference between consecutive rows in the 'Bl' column

merged_df['diffA2'] = (merged_df['BI'].diff() ** 2).fillna(0)

# Save the merged dataframe to a new CSV file

merged_df.to_csv('Bl_time_notes_102.csv', index=False)
11.1.2 RMSSD calculator

import pandas as pd

import numpy as np

from datetime import datetime

# Read the CSV file

df = pd.read_csv('C:/Users/Owner/Desktop/Emotibit data/102/BI_time_notes_102.csv')
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def convert_timestamp(timestamp):
try:
# Convert Unix timestamp to datetime
dt = datetime.fromtimestamp(float(timestamp))
# Format the datetime as requested
return dt.strftime('%d-%m-%y %H:%M:%S')
except Exception as e:
print(f"Error converting timestamp {timestamp}: {e}")
return None
def safe_to_datetime(ts):
try:
return pd.to_datetime(ts, unit="s' if ts.isdigit() else None)
except:
return pd.NaT
# Convert and format the 'LocalTimestamp' column
df['FormattedTimeNew'] = df['LocalTimestamp'].apply(convert_timestamp)
df['FormattedTimeNew'] = df['FormattedTimeNew'].apply(safe_to_datetime)
# Define a function to calculate time differences
def calculate_time_difference(start_label, end_label):
start_times = df.loc[df['UN'] == start_label, 'FormattedTimeNew']
end_times = df.loc[df['UN'] == end_label, 'FormattedTimeNew']
if not start_times.empty and not end_times.empty:
start_time = start_times.iloc[0]
end_time = end_times.iloc[0]
# Calculate the difference in seconds
return (end_time - start_time).total_seconds()
else:
return None
# Calculate the time differences
time_differences = {
'relaxing video': calculate_time_difference('relaxing video', 'end of relaxing video'),

'stroopl': calculate_time_difference('stroopl’, 'end of stroop1'),
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'app using': calculate_time_difference('app using', 'end of app using'),
'stroop2': calculate_time_difference('stroop2’, 'end of stroop2')
}
# Convert time differences to hh:mm:ss format
time_differences_formatted = {key: pd.to_timedelta(value, unit='s') for key, value in
time_differences.items() if value is not None}
# Create a DataFrame to store the time differences
time_diff_df = pd.DataFrame(list(time_differences_formatted.items()), columns=['Activity',
'Time Difference'])
# Format the 'Time Difference' column to hh:mm:ss
time_diff_df['Time Difference'l] = time_diff_df['Time Difference'].apply(lambda x:
str(x).split()[-1])
# Define the ranges based on the "UN" column
ranges = {

"relaxing video": ("relaxing video", "end of relaxing video"),

"stroop1": ("stroop1", "end of stroop1"),

nm n

"app using": ("app using", "end of app using"),

"stroop2": ("stroop2", "end of stroop2")
}
# Initialize a list to store the average values
avg_diff2_values =[]
# Calculate the averages for each range
for key, (start, end) in ranges.items():
start_index = df[df['UN'] == start].index[0] + 1
end_index = df[df['UN'] == end].index[0]
# Calculate the average of "diff*2" for the given range
avg_diff2 = df.loc[start_index:end_index, 'diff*2'].mean()
avg_diff2_values.append(avg_diff2)
# Add the calculated averages to the new column "avg(diffA2)"
time_diff_df['avg(diff*2)'] = avg_diff2_values
# Calculate the square root of each value in "avg(diff*2)" and add it to "sqrt(avg)"

time_diff_df['sqrt(avg)'] = np.sqrt(time_diff_df['avg(diff*2)'])
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# Merge the original DataFrame with the new calculated columns
result_df = pd.concat([df, time_diff_df], axis=1)
# Save the modified DataFrame to a new CSV file
output_file_path ="'calc_time_102.csV'
result_df.to_csv(output_file_path, index=False)
11.2 PSS score calculation
import pandas as pd
# Function to reverse score specific items
def reverse_score(value):
return 6 - value # Since your scale is 1-5, reverse scoring is 6 - original score
# Function to interpret the total score
def interpret_score(total_score):
if total_score <= 23:
return "Low Stress"
elif total_score <= 36:
return "Moderate Stress"
else:
return "High Stress"
# Load the Excel file
input_file = 'C:/Users/Owner/Desktop/PSS/PSS data_No invalids.xIsx' # Replace with your
input file name
output_file ='PSS_scoring_No invalids.xlsx' # Replace with your desired output file name
# Read the Excel file
df = pd.read_excel(input_file)
# Strip whitespace from column names
df.columns = df.columns.str.strip()
# Reverse score the necessary columns and store in new columns
df['reverse_statement4'] = df['statement4'].apply(reverse_score)
df['reverse_statement5'] = df['statement5'].apply(reverse_score)
df['reverse_statement7'] = df['statement7'].apply(reverse_score)
df['reverse_statement8'] = df['statement8'].apply(reverse_score)

# Calculate the total score using the new reverse-scored columns
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df['total score'l = (df['statementl'] + df['statement2'] + df'statement3']
df['reverse_statement4'] + df['reverse_statement5'] + df['statement6']
df['reverse_statement7'] + df['reverse_statement8'] + df['statement9'] + df['statement10'])
# Interpret the total score
df['Interpretation'] = df['total score'].apply(interpret_score)
# Save the results to a new Excel file, including both original and reversed scores
df.to_excel(output_file, index=False)
print(f"Results saved to {output_file}")
11.3 TAM Mann-Whitney U test code

library(readxl)
library(dplyr)
library(tidyr)
library(stats)
# Read the Excel file
data <- read_excel("C:/Users/Owner/Desktop/TAM/AIl data.xIsx")
dataset <- data[-c(43, 44, 45, 46, 47), ]
pu_cols <- grep(""TAM_PU", colnames(dataset), value = TRUE)
peou_cols <- grep("A"TAM_PEOU", colnames(dataset), value = TRUE)
bi_cols <- grep("*"TAM_BI", colnames(dataset), value = TRUE)
# Print identified columns
print("lIdentified PU columns:")
print(pu_cols)
print("ldentified PEOU columns:")
print(peou_cols)
print("ldentified Bl columns:")
print(bi_cols)
# Convert all relevant columns to numeric
dataset <- dataset %>%

mutate(across(c(all_of(pu_cols), all_of(peou_cols), all_of(bi_cols)), as.numeric))
# Gather the data for each construct
data_long <- dataset %>%

pivot_longer(
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cols = c(all_of(pu_cols), all_of(peou_cols), all_of(bi_cols)),
names_to = "variable",
values_to = "score"
) %>%
mutate(construct = case_when(
startsWith(variable, "TAM_PU") ~ "PU",
startsWith(variable, "TAM_PEOU") ~ "PEOU",
startsWith(variable, "TAM_BI") ~ "BI"
)
# Function to perform Mann-Whitney U test safely
safe_wilcox_test <- function(formula, data) {
tryCatch({
wilcox.test(formula, data = data)
}, error = function(e) {
message("Error in wilcox.test: ", eSmessage)

return(NULL)

N
}

# Perform Mann-Whitney U test for each construct
pu_test <- wilcox.test(score ~ Prototype, data = filter(data_long, construct == "PU"))
peou_test <- safe_wilcox_test(score ~ Prototype, data = filter(data_long, construct ==
"PEOU"))
bi_test <- safe_wilcox_test(score ~ Prototype, data = filter(data_long, construct == "BI"))
# Function to create a formatted output
format_results <- function(test, construct) {
cat("\nMann-Whitney U Test Results for", construct, "\n")
if (lis.null(test)) {
cat("W statistic:", testSstatistic, "\n")
cat("p-value:", testSp.value, "\n")
cat("Significance:", ifelse(testSp.value < 0.05, "Significant", "Not significant"), "\n")
}else {

cat("Test could not be performed. Check if there are exactly two groups.\n")
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}
}

# Print results
format_results(pu_test, "Perceived Usefulness (PU)")
format_results(peou_test, "Perceived Ease of Use (PEQU)")

format_results(bi_test, "Behavioral Intention (BI)")

# Calculate and print medians and means for each group
group_summary <- data_long %>%
group_by(Prototype, construct) %>%
summarise(
median_score = median(score, na.rm = TRUE),
mean_score = mean(score, na.rm = TRUE)
) %>%
pivot_wider(names_from = construct,
values_from = c(median_score, mean_score))

print(group_summary)
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Appendix 12 - GitHub link

https://github.com/ReutAl/Final-project

Includes:

Emotibit case Solidworks files
Stroop test code

Emotibit data analysis

PSS score calculator

TAM Mann-Whitney U test code
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Appendix 13 - Perceived Stress Scale (PSS) questionnaire score scale calculation
Usually, the score of PSS questionnaire is from 0-4. In this research it was chosen to use a
score scale of 1-5.
The results interpretation that is usually used, for a score scale of 0-4 is (Torales et al., 2020):
e Low stress: <13 points
e Medium stress: 14-26 points
e High stress: 2 27 points
The proportion of sections is:
e Low stress: 34.15% (14 scores of 41 possible scores)
e Medium stress: 31.7% (13 scores of 41 possible scores)
e High stress: 34.15% (14 scores of 41 possible scores)
To keep the proportion in the chosen scale, the range of each category is:
e Low stress: <23 points (14 scores of 41 possible scores)
e Medium stress: 24-36 points (13 scores of 41 possible scores)

e High stress: > 37 points (14 scores of 41 possible scores)

Appendix 14 - A list of insights from the researcher's observation during the experiment
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