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When a child is diagnosed with cancer, it has a major impact on both the child and 
the family. Cancer treatment causes a certain level of medical traumatic stress, and the 
family is disrupted. Coping with this stress is important to reduce the psychosocial 
impact of the disease and its treatment. Advances in technology have offered new 
opportunities for psychosocial support for children and families during treatment both 
at the hospital and at home. This thesis is about interactive tools that were developed 
and scientifically evaluated for this purpose. 

CHILDHOOD CANCER
In the Netherlands, about 650 children are diagnosed with cancer every year [1]. 
The most common types of cancer among children are leukemia, lymphomas, brain 
tumors, and solid tumors. For treatment, children usually receive complex systemic 
therapy (e.g., chemo therapy), including hospitalization and outpatient clinic visits. 
Many children are additionally treated with surgery, radiation therapy, a bone marrow 
transplantation, immunotherapy, or a combination of these treatments. Medical 
procedures such as blood draws, bone marrow aspirations and lumbar punctures are 
also part of treatment for diagnostic purposes and to monitor treatment responses [1]. 
With these intensive treatment strategies, overall five-year and ten-year survival rates 
have now reached 81% and 78% respectively, although there is a large variety between 
diagnoses and disease stages [2]. A cancer diagnosis and the often lengthy, demanding 
treatments have a significant impact on the child, as well as on the whole family [3]. 

PSYCHOSOCIAL IMPACT OF CHILDHOOD CANCER AND 
COPING 
Cancer treatment and its inherent procedures are potentially traumatic events (PTE) 
that cause stress and anxiety in children. The subjective experience of PTE by children 
and parents is one of the most powerful predictors of the level of Pediatric Medical 
Traumatic Stress (PMTS) that children experience [4]. PMTS has been defined as 
“a set of psychological and physiological responses of children and their families to 
pain, injury, serious illness, medical procedures, and invasive or frightening treatment 
experiences” [5]. Reduction of PMTS in the pediatric oncology setting is important 
for many reasons, including reducing significant adverse psychological reactions and 
prevention of potential long term traumatic stress. Here, coping plays an important 
role in the emotional adjustment of children to stress. Coping strategies are “balanced 
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reactions to stress that enable children and families to tolerate, minimize, accept, and/
or ignore what cannot be mastered” [6]. Children and families who are able to adapt 
to stress and cope with PTE, develop resilience to recover after stress [7]. Therefore, 
early interventions are important and needed to change the subjective experiences of 
families of PTE by supporting their coping during cancer treatment.

INTERVENTIONS FOR PSYCHOSOCIAL SUPPORT AT THE 
HOSPITAL
The international standards of psychosocial care strongly recommend psychosocial 
interventions for invasive medical procedures [8]. In the Netherlands, as part of 
standard care during treatment, child life specialists are available to prepare and 
support children during medical procedures, and social workers are available to 
support parents emotionally and help them continuing their family life and overcoming 
practical issues. If needed, a team of psychologists is available to provide specialized 
additional psychosocial care [9]. Also, as a standard of care, the KLIK intervention is 
implemented, where families are screened on their psychosocial functioning and the 
quality of life of the child is monitored and discussed during outpatient clinic visits [10-
12]. In recent years, advances in technology have created opportunities to supplement 
these currently available psychosocial interventions at the hospital. More and more 
innovations have emerged, such as virtual reality glasses [13], mobile applications 
(apps) [14], gamification and serious gaming [15], telepresence robots [16] and social 
robots [17-19]. These innovations have lots of potential, because they are interactive 
and playful, and therefore appealing to children and developmentally appropriate [20]. 

Social robots 
Social robots can be defined as “new types of robots whose primary goal is social 
interaction with humans” [21]. In other words, robots designed to have meaningful 
social interactions. Social robots could be a new and appropriate form to meet the 
unique care needs of children [22]. Children seem to be able to form relationships 
with social robots, and consider them to be a buddy or friend [23-25]. Social robots are 
regarded as fun and motivational by children, and parents appreciate that social robots 
have a lot of patience, are not judgmental, and can help their child [26]. Children also 
accept the instructions of social robots and enjoy the company [27], and social robots 
seem to be able to achieve educational outcomes similar to human tutoring in specific 
tasks, and to improve cognitive and affective outcomes [28].
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Social robots in pediatric health care

In the past years, social robots have been used in health care in various ways. Four 
reviews have been published recently that provide an extensive overview [29-32]. 
The reviews outline the different types of social robots that exist, ranging from self-
developed prototypes, to robotic pets and stuffed interactive animal toys (e.g., Pleo and 
Paro), to humanoid robots (e.g., the NAO and Pepper). The reviews also demonstrate 
how social robots have been applied in the health care setting in various ways (e.g., 
for amusement, distraction, emotional support, education), and for different purposes 
(e.g., improve well-being, reduce pain, stress and anxiety, and self-management with 
disease). Table 1 shows more details about the reviews. Overall, the reviews conclude 
that social robots hold significant promise and potential to help children in a broad 
range of health care settings [29,30,32], but evidence is limited or not clear [31]. 

Social robots in pediatric oncology

When looking more specifically at social robots in pediatric oncology, research is much 
more limited. The few studies that exist, can be divided into two types. First, there 
are studies that focused on the design and embodiment (e.g., physical appearance) 
of social robots. These studies included the conceptual design of Arash, and the 
engagement and interest of children with the prototype [33,34], and the robotic plush 
teddy bear Huggable that was compared to a virtual character on a screen and a 
plush teddy bear [35,36]. Second, there are studies that used existing social robot 
hardware and software, and examined clinical outcomes. Here, positive results were 
found regarding feasibility and preliminary effectiveness to reduce pain and distress 
during subcutaneous port access [37], as well as positive reactions from children to 
a social robot as a psychotherapy assistant to reduce anger, anxiety and depression, 
and its usefulness in providing instructions [38]. Table 2 shows more details about the 
studies that were conducted with social robots in pediatric oncology patients. From 
the studies, it can be concluded that children generally show positive reactions towards 
social robots, yet they are at an emergent stage. Also, we do not know how health 
care providers who have to work with social robots feel about this development. Since 
social robots seem to have positive effects on children, there may be a future for social 
robots in the care for pediatric oncology patients. Therefore, it is worth to explore this 
development further, as social robots could provide novel opportunities and benefits 
by supplementing currently available methods of psychosocial care for children to 
reduce PMTS.
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PSYCHOSOCIAL IMPACT OF CHILDHOOD CANCER ON 
THE FAMILY
Not only children, but also their families experiences distress. The shock of a cancer 
diagnosis, and the burden of treatment and daily caretaking have an impact on family 
functioning [39-42]. Among the consequences is the loss of normality: Everyday 
routines change, family relationships are challenged, and social activities get hampered 
by the distress that comes along with the disease and its treatment [43]. Much of the 
cancer treatment is managed at home, which may prevent children and their families 
from obtaining supportive care services from medical and psychosocial staff members 
that are available at the hospital. Therefore, it is important to provide support to 
families at home as well to cope with distress and to safeguard their normal everyday 
family life.

INTERVENTIONS FOR PSYCHOSOCIAL SUPPORT AT HOME
The Pediatric Psychosocial Preventative Health Model (PPPHM) is a biopsychosocial 
framework that can be used in assessment and treatment of families of children in 
pediatric health care settings [44]. According to the PPPHM, all families that are 
affected by childhood cancer experience some level of distress, and should therefore 
have access to a certain level of support. This universal support should have a 
preventative goal and incorporate general interventions or services to assist families 
[44]. In the Netherlands, as mentioned earlier, various preventative sources of support 
are available at the hospital for families during treatment. However, there are limited 
general preventative interventions or services available to provide (all) family members 
with support at home. 

Interactive tools
Most of the interventions that are available at the hospital, cannot be used at home. 
These interventions are usually highly specialized (i.e., specific facilities and technical 
support are needed) and too expensive to purchase for every family to take home. 
However, there have been interactive tools developed that can be used by families 
independently at home. These tools mostly emerged from the field of industrial 
product design where products are designed or developed for a specific group for a 
specific problem, called tactful design.
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Interactive tools for the general population

When looking at research in the general population, some conference proceedings 
and book chapters can be found describing interactive tools for families at home. 
For example Ritual Machine V, a bespoke machine (telescope and totem device) for 
a family with parents who travel a lot for work to do playful location sharing with 
their child [45]; The Other Brother, a semi-autonomous device (helmet) that captures 
images and video of spontaneous moments in domestic environments that can be re-
experienced as a new way of capturing and sharing life events [46]; and Family Circles 
a communication media for intra-family messaging for families with working parents 
and teenage children who are starting to find their own way in life, developing separate 
routines and social networks outside the family [47]. Table 3 shows more details on the 
studies that were carried out with these interactive tools. 

Interventions for families at home with a sick child

The tactful designs as described before, unfortunately have not been translated to the 
health care context of families with a sick child. When searching more specifically for 
what is available for these families to be used at home, only one interventions can be 
found: The Cellie Coping Kit. The Cellie Coping Kit is a coping tool that is designed to 
support parents or other caregivers in helping their child and child’s sibling(s) manage 
the medical experience [48,49]. It includes a plush “Cellie” toy, coping cards for children, 
and a book for caregivers to promote coping and decrease distress in children. Table 
3 shows more details on the studies that were carried out with this interventions. The 
Cellie Coping Kit seems to be the only intervention that targets the whole family, and 
the only one that is not dependent on health care providers. Therefore, using tactful 
design could provide opportunities to create interactive interventions that support the 
whole family with self-management and coping with distress at home.

PROJECTS IN THIS THESIS
To complement currently available psychosocial interventions and to explore the 
opportunities of interactive technological tools in the support for children and their 
families during cancer treatment at the hospital and at home, two projects were 
initiated. 
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Project 1: A social robot for children at the hospital (Hero)
As described before, social robots are being developed and tested more and more in 
the context of pediatric health care, yet limited in pediatric oncology care. Therefore, 
we examined the introduction of a social robot into pediatric oncology care. The social 
robot hardware that was used for this project is the NAO6 robot (Figure 1). The NAO 
robot is one of the most used social robots worldwide. The robot is 57 centimeters 
long and fully programmable. The robot has human features in appearance (i.e., it is a 
humanoid robot), and any of its parts, including its head, arms, legs, and fingers, can 
move. The NAO robot was developed by Aldebaran robotics, which is now part of 
SoftBank Robotics ©.

FIGURE 1
Picture of the NAO robot at the hospital sitting on the nightstand of a child
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The NAO robot has built-in software support for various basic tasks, including 
speaking simple sentences and making movements. However, more advanced 
features were necessary to successfully deploy the robot for use in pediatric oncology. 
Therefore, this project was a collaboration between the Emma Children’s Hospital at 
the Amsterdam University Medical Centers (Amsterdam UMC) and later the Princess 
Máxima Center for pediatric oncology, the Centrum Wiskunde & Informatica (CWI), 
Delft University of Technology (TU Delft), and the Vrije Universiteit Amsterdam (VU 
Amsterdam). Also, Cancer Health Coach, ASolutions B.V., Vereniging Kinderkanker 
Nederland, and Wintertuin were companies and organizations that contributed to 
the project. This collaboration allowed us to use an advanced social robot that could 
behave autonomously in a socially intelligent way. This means that the robot was able 
to have a conversation with children without the help of a human controlling the robot 
via a laptop, and attuned (i.e., personalized) to the response of the child whereby also 
using earlier answers of the child (i.e., it had a memory).

The project started in October 2017 and was originally planned to be carried out at the 
Emma Children’s Hospital of the Amsterdam UMC. However, with the centralization 
of pediatric oncology care in the Netherlands to the Princess Máxima Center for 
pediatric oncology, the project moved to Utrecht in May 2018. Here, the robot was 
named Hero, a name that was chosen by the children at the Princess Máxima Center 
via an open-question voting. The main aim of the project was to investigate whether a 
social robot could contribute to the reduction of PMTS in children with cancer during 
treatment as well as for educational purposes.

Project 2: Interactive tools for families at home (AscoltaMe and Mr.V)
We examined the introduction of two interactive tools for families with a child with 
cancer into the home context. As described before, we only found limited coping 
tools available for psychosocial supportive care for families at home during childhood 
cancer treatment. Therefore, two completely new and innovative tools were developed 
to contribute to this gap. The tools were developed from scratch with substantive input 
from health care providers from the Princess Máxima Center in another collaboration 
with TU Delft as part of the Meedoen=Groeien!? project.

The first tool was aimed at enhancing communication in the family. The tool was 
called AscoltaMe (Italian for ‘listen to me’) and was designed based on the tin-can-
telephone game (Figure 2). The tool consisted of a microphone and a speaker that were 
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connected via a flexible silicon tube. The microphone captured voice messages from 
family members. The message  lingered in the tube, and was presented by a pulsating 
light in the middle of the tube to indicate there was a message waiting for someone to 
listen to. When someone pressed the button to listen to the message, the light moved 
from the middle of the tube to the speaker while the message was played. If the message 
was not completely released, the light (i.e., message) returned back into the tube and 
remained there until fully listened to. The tool was intended to be used casually and 
to be left around the house to encourage families under stressful circumstances to stay 
connected with each other and to motivate them to keep communicating.

FIGURE 2
Picture of AscoltaMe and its accessories

Copyright Patrizia D’Olivo ©

The second tool was aimed at enhancing family functioning. The tool was called Mr.V 
(short from Verrassing, Dutch for ‘surprise’) and was designed based on a gumball 
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vending machine (Figure 3). The tool consisted of a large transparent head filled with 
little balls including notes. These notes were personally written by family members, 
enabling families to decide themselves what content was appropriate and suitable for 
them. Families were advised to suggest small activities they could do together as a 
family, to share a memory, or to make jokes or give compliments to another family 
member. Mr.V comprised an internal clock with which it randomly decided when 
to drop surprises for families throughout the week. When dropping a surprise, Mr.V 
shuffled the balls and made a sound to invite families to come check for it. A small 
button on the back of Mr.V offered the possibility of dropping a surprise on demand. 
The tool was intended to be placed in a common area of the house and to include all 
family members to stimulate them to do more things together and to continue normal, 
everyday family life. In a later stage of the project, Mr.V was further developed and 
redesigned into Mr.V the Spaceman (Figure 4).

FIGURE 3
Picture of Mr.V and its accessories

Copyright Patrizia D’Olivo ©
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FIGURE 4
Picture of Mr.V the Spaceman

Copyright Patrizia D’Olivo ©

GENERAL AIM
The general objective of this thesis was to develop and investigate the introduction 
of innovative and interactive interventions into pediatric oncology care to support 
children with cancer and their families during treatment, both at the hospital and at 
home. More specifically, our research questions were: (1) Is it feasible to introduce 
innovative technology-based interventions for psychosocial support in pediatric 
oncology in- and outpatient care and at home? (2) How do children, their families and 
health care providers experience these innovative technology-based interventions for 
psychosocial support during cancer treatment? (3) Is there preliminary evidence that 
these innovative technology-based interventions can reduce stress or be supportive 
(effective) during cancer treatment?

RESEARCH METHODS
The interventions were developed in close collaboration with the respective partners, 
with substantial input from children, their parents and health care providers, as well as 
based on literature in related domains from the fields of human-robot interaction and 
product design for families. The required software for the social robot was established, 
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and the interactive tools for families at home were designed and prototypes (hardware 
and software) were made. The interventions were all pilot-tested either in children from 
the general population at schools or by families with a child with cancer. Feasibility 
data was collected by researchers at the hospital using logbooks and observations, 
and at home by the interactive tools themselves on how they were used and how 
they performed (i.e., machine data). Using multiple methods (both quantitative and 
qualitative), the experiences of families and opinions of health care providers were 
analyzed by diaries, pictures and videos, questionnaires and interviews. The measures 
were mostly developed by us because of a lack of validated measures in this area of 
research. In total, five prospective clinical studies were carried out.

OUTLINE OF THIS THESIS
This thesis contains two parts, describing the two projects that were carried out to 
answer our research questions and fulfill our objectives.

Part I – Psychosocial support for children at the hospital: Exploration and 
investigation of a social robot in pediatric oncology care
Chapter 2 starts with describing the opinions of almost three hundred health care 
providers working in pediatric oncology care around the world regarding social robots, 
and examining differences in their opinions based on their background characteristics. 
Chapter 3 describes our first experiences with introducing a social robot in pediatric 
oncology care as a buddy for children during treatment. Twenty children interacted 
with Hero multiple times during hospitalization and received support from Hero 
during a medical procedure. Feasibility, experiences of children and parents with the 
social robot, and preliminary effectiveness were investigated. Chapter 4 describes our 
first experience with introducing a social robot at the pediatric oncology outpatient 
clinic for sleep education. Twenty-eight families participated in this study, and practical 
implementation, experiences of families and preliminary effects were evaluated.

Part II – Psychosocial support for families at home: Development and 
investigation of two interactive tools
Chapter 5 starts with describing the designing and development of AscoltaMe and 
Mr.V as tactful objects. Eight families with a child receiving cancer treatment tried one 
of the two tools at home, and the experiences of families with these interactive tools in 
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their homes were evaluated. Chapter 6 describes how Mr.V was further developed and 
redesigned into Mr.V the Spaceman based on the results from the previous chapter. 
Mr.V the Spaceman was pilot-tested in ten families with a child with cancer in the 
home context to investigate how it was used, how families evaluated the tool, and how 
it could be further improved. 

Chapter 7 concludes with a general discussion, including the main findings of 
this thesis, reflections on these main findings, project reflections, methodological 
considerations, clinical implications and future directions, and overall conclusions.
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ABSTRACT
Background
We aimed to describe the opinions of health care providers in pediatric oncology 
regarding social robots and to examine differences in their opinions based on their 
background characteristics.

Methods
Health care providers working in pediatric oncology care were approached globally 
to participate online in a cross-sectional questionnaire study with multiple choice 
and open-ended questions. Open-ended questions were coded and collapsed into 
categories by two researchers independently. Frequencies were used to describe the 
answers. Differences in opinions were studied using logistic regression analyses.

Results
Health care providers’ (n = 286) first thoughts about social robots were mostly positive 
(81.0%). They saw value in social robots (83.6%), mostly during hospitalization or 
procedures and when used for distraction. They were willing to use one (67.8%), but 
also expected difficulties (67.1%), mainly concerning technical errors. Psychosocial 
staff members less often saw value in social robots, more often expected difficulties 
and were less willing to use a social robot than other health care providers (ps < 0.05). 
No other differences were found. 

Conclusions
Social robots may be a promising addition to pediatric oncology care, since health 
care providers were generally positive about this innovation. However, psychosocial 
staff members seemed more reluctant. Important potential barriers were defined that 
should be addressed upon implementation.
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INTRODUCTION
Social robots are increasingly being developed, used and evaluated in healthcare for 
children [1,2]. Social robots can be defined as “new types of robots whose primary 
goal is social interaction with humans” [3]. In other words, robots designed to have 
meaningful social interactions. Social robots could be a new and appropriate form 
to meet the unique care needs of children [4], and children seem to be able to form 
relationships with social robots, and consider them to be a buddy or friend [5,6]. 

In the past years, social robots have been applied in various ways. Four reviews 
have been published recently, providing an overview of how social robots have been 
applied in pediatric healthcare [7-10]. These reviews show the different kinds of social 
robots that exist (e.g., robot pets vs. humanoid robots, interactive vs. non-interactive 
robots) and the various ways in which these robots have been applied in healthcare 
(e.g., for support, as distraction). Overall, these reviews conclude that social robots 
hold significant promise and potential to help children in healthcare context [8], and 
seem to positively influence a child’s well-being [7], and reduce stress [10]. Thus, it 
may change the experience of potentially traumatic medical procedures, and prevent 
medical traumatic stress [11]. Opinions of health care providers about this new 
development are unknown. Only the experiences of seven child life specialists from 
a children’s hospital in Canada have been described showing how they incorporate a 
social robot into their practice [12].

When looking more specifically at social robots in pediatric oncology, research is much 
more limited. The few studies that exist, found potential for the use of a social robot as a 
companion [13,14], reported on the feasibility and preliminary effectiveness to reduce 
pain and distress during subcutaneous port access [15], and on the effectiveness as a 
psychotherapy assistant to reduce anger, anxiety and depression [16,17]. From these 
studies, it can be concluded that children generally show positive reactions to social 
robots, yet they are at an emergent stage in pediatric oncology.

Since social robots seem to have positive effects on children, there may be a future 
for social robots in care for pediatric oncology patients. To allow future adequate 
implementation, it is important to examine how health care providers feel about social 
robots, as they are the ones who will be introducing them to children, and their daily 
work will be affected by this. Therefore, we aimed to: (1) Describe the opinions of 
health care providers in pediatric oncology regarding social robots, and (2) examine 
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differences in their opinions according to their background characteristics and 
experience with social robots. 

MATERIALS AND METHODS
Participants, design and procedure
Health care providers working in pediatric oncology care were approached to 
participate in an online global cross-sectional questionnaire study between October 
2019 and February 2020. Participation in the study was voluntarily, and the study 
was classified as exempt of the Medical Research Involving Human Subjects Act by 
the institutional medical ethics review board (number W18_051 # 18.069). Inclusion 
criteria were: (1) Being a health care provider currently working in clinical pediatric 
oncology care, (2) working with children between 4-12 years, and (3) understanding 
the English language well enough to complete an online questionnaire in English. 

Health care providers were recruited globally in three different ways. First, they 
were approached during the 51st congress of the International Society of Pediatric 
Oncology (SIOP) in Lyon, France. Flyers were handed out, professional network 
connections were asked, and a call was made to participate at the end of talks. Second, 
health care providers were invited via e-mail through the members lists of several 
major pediatric oncology societies, such as the SIOP and the Pediatric Psychosocial 
Oncology Professionals International (POPPI) mail list, including members of the 
SIOP, the American Psychosocial Oncology Society (APOS) and the International 
Psycho-Oncology Society (IPOS). Third, we personally asked several (international) 
colleagues to distribute the questionnaire it in their hospital and/or network. If 
possible, reminders were sent once or twice within 6-8 weeks.

Measures
We developed a questionnaire to gain insight into the perceptions and preferences 
of health care providers about the purpose and use of social robots in the pediatric 
oncology setting. The questionnaire was designed based upon interviews with pediatric 
oncology patients, parents, and health care providers (i.e., pediatric oncologists, 
child life specialists, psychologists, and nurses) at the Princess Máxima Center for 
pediatric oncology and Emma Children’s Hospital of the Amsterdam UMC. Next, the 
questionnaire was evaluated for face validity by the psychosocial research group of the 
Princess Máxima Center for pediatric oncology during three different sessions, and 
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was revised each time accordingly. The final questionnaire was pilot-tested by ±15 
clinical researchers (who did not participate in the study) and took 5-10 minutes to 
complete. 

The final questionnaire consisted of 20 questions, preceded by a definition and 
examples of social robots (see Appendix 1) and was divided into four parts: (1) Socio- 
demographic and clinical background information and current experience with social 
robots (8 items), (2) first idea about social robots (1 open-answer item), (3) possible 
value and purpose of social robots (8 items), and (4) possible barriers and willingness 
to use social robots (3 items). Most answers could be given on a 4-point Likert scale (1 
‘no value’ or ‘no difficulties’ to 4 ‘great value’ or ‘great difficulties’) or via ‘yes, no, maybe’ 
options. Seven questions had the additional option ‘other, namely…’. Five questions 
asked for an elaboration of the respondent when they chose the answer ‘maybe, if…’ 
or ‘no, because…’. The questionnaire was carried out in a separate section of the online 
portal for care and research at the Princess Máxima Center for pediatric oncology, 
the KLIK Patient Reported Outcome Measure (PROM) portal (www.hetklikt.nu) [18]. 
The questionnaire could be completed anonymously and the researchers had no access 
to any identifying information of the respondents.

Data analyses
Data was extracted from the PROM portal including only a participant number, and 
was analyzed in IBM SPSS Statistics, version 25. For the one open-answer question, and 
the five elaborative answers, a thematic approach was used [19]. With this approach, 
the topic of each open-answer was identified and given a code, which were collapsed 
into categories. Open answers to the question on first ideas were additionally classified 
as positive, neutral or negative. For the seven questions with the answering option 
‘Other, namely…’, answers were coded and collapsed in additional answering categories 
and added to the original answering options. Two researchers (K.v.B. and M.v.G.) who 
are not health care providers themselves and trained in qualitative analyses (K.v.B.) 
independently collapsed the answers into categories, discussed their differences and 
reached consensus. Answers containing personal information of the participant 
or unrelated to the question were removed. Descriptive statistics (frequencies and 
percentages) were used to describe all data. 

Multivariable binary logistic regression analyses (p < 0.05) were used to analyze 
differences in opinions of health care providers regarding the value they see in social 
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robots (dichotomized as no-limited-average vs. much-extreme), the difficulties they 
expect (no-limited vs. average-much-extreme), and their willingness to use a social robot 
(no-maybe vs. yes) based on their background characteristics and current experience 
with social robots. All characteristics were included in the three models to correct the 
relation of each characteristic for the other characteristics, since these may be related 
(e.g., many nurses are female and relatively young). This was done after evaluating the 
appropriateness of the sample size, for which we used the rule of thumb of ten cases per 
predictor [20]. For the purpose of these analyses, primary profession was classified into 
medical staff (including pediatricians, pediatric oncologists/hematologists, pediatric 
surgeons, radiation oncologists, radiologists and pediatric neurologists), nurses 
(including nurses and nurse practitioners), and psychosocial staff (including child life 
specialists, psychologists, social workers and physical therapists). Country of practice 
was classified into The Netherlands, Europe (without the Netherlands), North-America, 
and Other. However, this background characteristic was not interpreted for differences 
in the three outcomes due to the dispersion of the data (i.e., overrepresentation of the 
Netherlands and many countries being categorized as other).

RESULTS
Three hundred fourteen health care providers gave informed consent and completed 
the questionnaire. Twenty-eight health care providers did not meet all inclusion 
criteria and were excluded, including 286 health care providers in the study. 

Background characteristics and current experience with social robots
Most health care providers were female, between 31-50 years old, and were early (38.8%) 
or mid-career (38.6%). The most common professions were nurse (36.7%), psychologist 
(21.7%) and pediatric oncologist/hematologist (11.9%). Health care providers worked 
in 36 different countries. Most of them worked in the Netherlands (51.4%), followed by 
the United States of America (11.5%), and Canada (6.3%). Other countries of practice 
were mainly other European countries (22.7%). Almost half of the health care providers 
had heard of social robots being used in pediatric hospitals, about a quarter was aware 
of a social robot being used in the pediatric hospital where they work, and about one in 
ten health care providers had worked with social robots themselves. More details and 
information about the background characteristics of the health care providers and their 
current experience with social robots can be found in Table 1.
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TABLE 1
Background characteristics and current experience with social robots of the health care 
providers in pediatric oncology (n = 286)

n %
Gender

Male 49 17.1
Female 237 82.9

Age
<30 years 68 23.8
31-50 years 140 49.0
>51 years 78 27.3

Primary profession
Medical staff 

Pediatricians (n=11), pediatric oncologists/hematologists (n=34), 
pediatric (neuro)surgeons (n=4), (pediatric) radiation oncologists 
(n=13), pediatric radiologists (n=1), pediatric neurologists (n=2),  
medical doctor or pediatric resident (n=3), physician assistant (n=1)

69 24.1

Nurses
Nurses (n=105), nursing assistant (n=1)

106 37.1

Psychosocial staff
Child life specialists (n=21), (neuro) psychologists (n=62), social 
Workers (n=17), (pediatric) physical therapists (n=4), pediatric 
psychiatrists (n=3), clinical counsellor (n=1), music therapist (n=1), 
psychosocial counselor (n=1), (neuro) linguist (n=1)

111 38.8

Work experience
Early career 

<1 year
1-5 years

21
90

7.3
31.5

Mid-career 
6-10 years
10-20 years

46
64

16.1
22.4

Late career 
>21 years 65 22.7

Country of practice
The Netherlands 147 51.4
Europe

Austria (n=3), Belgium (n=14), Bulgaria (n=1), Czech Republic (n=2), 
Denmark (n=2), Finland (n=1), France (n=1), Germany (n=3), Greece 
(n=2), Ireland (n=1), Italy (n=5), Lithuania (n=1), Norway (n=1), 
Poland (n=2), Portugal (n=1), Serbia (n=1), Slovenia (n=2), Spain 
(n=6), Sweden (n=7), Switzerland (n=1), United Kingdom (n=8)

65 22.7

North-America
United States of America (n=33), Canada (n=18)

51 17.8

Other
Argentina (n=1), Australia (n=8), Brazil (n=1), China (n=1), Ghana 
(n=1), India (n=2), Iran (n=1), Japan (n=2), Jordan (n=1), New 
Zealand (n=2), Russia (n=2),Uganda (n=1)

23 8.0

Experience with social robots
Heard of social robots being used in pediatric hospitals (yes) 130 45.5
Knows social robots in the pediatric hospital where they work (yes) 68 23.8
Have worked with social robots themselves (yes) 34 11.9
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Opinions of health care providers
First thoughts about social robots

Health care providers together described 498 first thoughts about social robots. Most 
of these first thoughts were positive (81%): Social robots are fun to play with, general 
positive remarks (such as ‘interesting’ or ‘exciting’), social robots can support or 
comfort children during treatment and/or procedures, distract them or be a friend 
or buddy. Some first thoughts were negative (16%): Social robots should not replace 
human contact, general negative first thoughts (such as ‘awkward’ or ‘unsettling’), and 
that social robots are impersonal or cold. Finally, a few first thoughts were neutral 
(3%): Describing previous experiences with social robots, and that the success of social 
robots may depend on the child. More detailed information can be found in Figure 1.

FIGURE 1
First thoughts (n = 498) of health care providers (n = 286) in pediatric oncology about social 
robots

Note. Open answers were sometimes quite diverse. For positive first thoughts, answers that 
were given less than 10 times were merged into the category ‘Other’. For negative first thoughts, 
answers that were given less than 5 times were merged into the category ‘Other’.
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Possible value and purpose of social robots

About four-fifths of the health care providers thought a social robot is something 
children will like, and almost all others thought children would maybe like them, 
mostly mentioning that it would depend on the child and the age of the child. About 
two-thirds of health care providers thought that a social robot can reduce the amount 
of stress, pain or anxiety a child experiences in the hospital, and around a quarter 
thought a social robot maybe can, mostly adding that the child should like the robot 
or already be familiar or bonded with the robot. About one-third of the health care 
providers thought that a social robot can be there for children when parents or health 
care providers cannot, but more health care providers thought a social robot cannot. 
Some health care providers thought the robot can maybe be there for children, mostly 
adding that it should not be seen as a replacement of parents or staff. 

The majority of health care providers saw value in using social robots during 
hospitalization, radiation therapy, long hospitalizations, procedures in the procedure 
room, and scanning procedures. They saw little value in using a social robot to support 
children with sleeping in the hospital. Regarding the functions of the robot, the 
majority of the health care providers saw value in using a social robot for distraction, 
play, education, and coaching. They considered hospitalization and procedures in the 
procedure room the most valuable scenarios, and distraction as the most valuable 
function. More detailed information about the opinions of health care providers on 
the possible value and purpose of social robots can be found in Figure 2.

Possible barriers and willingness to use social robots

Around two-thirds of the health care providers expected difficulties when using a 
social robot in their work. Almost half of the health care providers expected difficulties 
with regard to technique (i.e., errors with the robot in executing its task), and about a 
quarter with regard to resistance (i.e., from themselves, colleagues, or the child and/or 
parents). About one-fifth of the health care providers expected difficulties with regard 
to time (i.e., procedures may take too much additional time because of the robot) 
or usefulness (i.e., the robot may not have a significant contribution). Other main 
expected difficulties were: Hygiene or maintenance issues, customizing or adapting 
the robot to fit the situation or the child’s needs and costs. 
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More than two-thirds of the health care providers was willing to use a social robot 
themselves. About a quarter may be willing to use a social robot, mostly depending on 
the aim and the functioning of the robot, and if research demonstrates its effectiveness. 
They would also like to be well-informed as staff and see the added value themselves. 
A few health care providers were not willing to use a social robot in their work, mainly 
because they prefer human contact. More detailed information about the opinions of 
health care providers on possible barriers and their willingness to use social robots can 
be found in Figure 3.

FIGURE 3
Possible barriers and willingness to use social robots in the pediatric oncology according to 
health care providers (n = 286)

Note. 
A Depending on the aim and purpose of the robot; better informed as staff; the added value is  
   visible; research demonstrates evidence-base
B Human contact is preferred

Differences in opinions of health care providers
We found one difference regarding possible value in using a social robot to support children 
during treatment: Psychosocial staff members (35.1%) less often saw value in using a social 
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robot than nurses (50.9%) (OR [CI] = 0.48 [0.27-0.88], p = .017). With regard to expected 
difficulties, females (65.0%) less often expected difficulties than men (77.6%) (OR [CI] = 
0.39 [0.17-0.86], p = .020), and psychosocial staff (81.9%) more often expected difficulties 
than medical staff (62.3%) (OR [CI] = 2.61 [1.19-5.57], p = .017) and nurses (55.7%) (OR 
[CI] = 2.66 [1.38-5.15], p = .004). In their willingness to use a social robot, the psychosocial 
staff (51.4%) was less often willing to use a social robot than medical staff (76.7%) (OR 
[CI] = 0.22 [0.10-0.49], p <. 001) and nurses (79.2%) (OR [CI] = 0.28 [0.15-0.55], p < .001). 
More details and information about the results of the multivariable analyses on differences 
in opinions between health care providers can be found in Table 4.

DISCUSSION
We aimed to describe the opinions of health care providers in pediatric oncology 
regarding social robots and to examine differences in their opinions based on their 
background characteristics and experience with social robots. We found that a large 
majority of first thoughts about social robots were positive. Most health care providers 
thought a social robot is something children will like, and can reduce the amount 
of stress, pain or anxiety a child experiences. They considered hospitalization and 
procedures in the procedure room as the most valuable scenarios, and distraction as the 
most valuable function to use the robot for. Most health care providers also expected 
difficulties when using a social robot, mainly concerning technique. Nevertheless, 
most of them were willing to use a social robot themselves.

Opinions of health care providers in pediatric oncology on social robots have not been 
reported before. In fact, very few studies were done with social robots in pediatric 
oncology. Our results seem to fit well with the use of the robot in those few studies 
and studies in other healthcare areas. Our finding that social robots should be used 
in addition to care, and not as replacement, is in line with the reported use of a social 
robot as a psychotherapy assistant [16,17] and emphasized in other studies [21]. A 
minority of health care providers thought that social robots could ‘be there’ for a child. 
We did not specify whether ‘being there’ referred to physical presence or psychosocial 
support. Because health care providers saw lower value for this purpose and their 
most often mentioned negative first thought was that social robots should not replace 
human contact, it may be interpreted as psychosocial support.

Furthermore, our findings about the most valuable scenario and function for social 
robots are in line with the reported use of a social robot for distraction during needle 
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insertion [15,22]. However, little value was seen in using social robots for educational 
purposes, even though many social robots are used for this purpose outside the field 
of pediatric oncology, for example in children with diabetes [23,24]. Furthermore, 
health care providers saw remarkably little value in using social robots with regard 
to sleep, even though two recent reviews reported sleep disruptions are frequent in 
children with cancer during treatment [25,26], and no effective sleep interventions are 
known to exist. This finding could be explained by the manner in which the opinion 
of the health care provider was asked. The questionnaire did not specify on how the 
robot would be used in the context of sleep. This could potentially have resulted in an 
assumption that the robot would be used right before bedtime, or during the night, 
which could distract and excite children rather than help them sleep (better). Since the 
use of robots for educational purposes has been successful in children before and there 
is a need for sleeping interventions, the use of social robots for sleeping education 
should not be abandoned yet. 

We also found marked differences in opinions of health care providers of different 
professions. Psychosocial staff members were less positive. This is especially relevant, 
since social robots are likely to be implemented mainly by psychosocial staff members, 
like child life specialists, when used for support during treatment. For psychosocial 
staff members, direct and personal contact with children is important. In their work, 
they tailor to the specific needs of children, and the (therapeutic) relationship between 
psychosocial staff members and children are an important part of the effectivity of 
their work. Therefore, they may not see possibilities for social robots to fulfill this 
role and to be flexible enough to meet the specific needs of each child, which was 
a concern that was reported by health care providers in this study as well. We also 
found that age, years of work experience and experience with social robots did not 
make a difference. Especially the finding that the opinions of health care providers 
who have experience with social robots did not differ from those who do not, was 
surprising to us as other research showed a positive association between experience 
with an innovative intervention and acceptance [27].

Clinical implications
A social robot may be a promising tool in care for children with cancer. First clinical 
implementation of social robots seems most likely as a distraction during medical 
procedures, based on health care providers opinions and previous studies. However, 
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introducing such innovations in care may have a great impact on daily work, which is 
known to be complex, and brings along challenges and barriers. The concerns of health 
care providers that were found in this study can therefore be helpful in anticipating on 
these challenges and improve implementation. 

One prominent concern was that social robots should not replace human contact. 
We suggest that social robots are introduced as an addition to care, and not as a 
replacement of humans. There are situations, however, where parents or professionals 
are not allowed to be with the child, like during radiotherapy, where the role of a social 
robot could be explored. To address the concern of social robots as replacement, and 
because health care providers indicated that they would like to be well informed and 
convinced of the added value themselves, the involvement of staff when implementing 
a social robot, and proper training and practice time are recommended. This is in 
line with recommendations from other literature on social robots [21]. This may also 
reduce the expected difficulties of health care providers regarding working with a 
social robot.

Another concern health care providers frequently mentioned was that it will depend 
on the child and the age of the child whether they feel a social robot is appropriate. 
In addition, they find it important that children are familiar or bonded with the robot 
before using it during treatment. As such, clear plans should be made about how 
children will be introduced to the robot, and health care providers should be educated 
on personalized use. 

Limitations
Health care providers were recruited globally via multiple convenience sampling 
strategies, so we do not know how representative our sample is of the population 
of health care providers in pediatric oncology. Our sample shows a variety in 
representation of health care providers with different ages, professions, and years of 
work experience, but health care providers from the Netherlands were overrepresented. 
Moreover, most health care provides worked in more developed countries according 
to the Human Development Index. This is likely related to our method of recruitment 
and that the topic of social robots is less relevant for health care providers working in 
less developed countries. In general, the sample might be biased in favor of health care 
providers with interest in this topic. This all warrants caution when interpreting and 
generalizing the findings of this study.



Chapter 2

48

Future research
The largely positive opinions of health care providers add promising new knowledge to 
the pediatric oncology field, and may encourage further research in this area towards 
successful implementation of social robots. More research on the experiences of health 
care providers with social robots is needed. About 10% of the health care providers 
in this study reported to have worked with social robots themselves, and it would be 
informative to look more specifically into their experiences. Also, more research is 
needed on the effectiveness of social robots when applied in different children, with 
different ages, focused on different functions in different settings. The information of 
the experiences of health care providers, together with research on the effectiveness for 
different children and settings, could help with further shaping the science around this 
relatively new and unknown field of social robots in pediatric healthcare.

Conclusions
Social robots may be a promising addition to standard care, since health care providers 
in pediatric oncology were generally positive about social robots. They saw value in 
using social robots, and were willing to use one, but they also expected difficulties, 
mainly concerning technical errors. Psychosocial staff members were less positive 
about social robots than other health care providers. When wanting to implement 
social robots in pediatric oncology care, the reported potential barriers should be 
considered.
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Online questionnaire

Tekst
Pictures not shown because of copyright.



Chapter 2

52



2

Opinions of health care providers on social robots

53   



Chapter 2

54



2

Opinions of health care providers on social robots

55   



Chapter 2

56



2

Opinions of health care providers on social robots

57   





Introducing a social robot as a buddy 
into pediatric oncology care: Feasibility, 

experiences, and bonding of children with the 
robot over multiple interactions

3

Kelly L.A. van Bindsbergen, Marloes van Gorp, Mike E.U. Ligthart, Koen V. Hindriks,  
Mark A. Neerincx, Tanja Alderliesten, Peter A.N. Bosman, Martha A. Grootenhuis,  

& Johannes H.M. Merks

Submitted

Van Bindsbergen, K.L.A., Van Gorp, M., Ligthart, M.E.U., Hindriks K.V., Neerincx, M.A., 
Alderliesten, T., Bosman, P.A.N., Grootenhuis, M.A., & Merks, J.H.M. Introducing a social 
robot as a buddy into pediatric oncology care: Feasibility, experiences, and bonding of 
children with the robot over multiple interactions. Submitted.



Chapter 3

60

ABSTRACT 
Purpose
Social robots are increasingly used to support children in health care. We developed 
software for a social robot to interact autonomously and have personalized 
conversations with children. We explored the introduction of this robot as a buddy 
into pediatric oncology care, and specifically evaluated the feasibility, experiences of 
children and parents, and bonding of children with the robot over multiple interactions 
in different settings.

Methods
Children (6-12 years old) receiving anticancer treatment in a pediatric oncology center 
were asked to interact with a social robot three times. The first two interactions were 
planned during hospitalizations and the third interaction while undergoing a medical 
procedure. Assessments consisted of a logbook and observation forms (feasibility) 
and questionnaires in interview form with children and parents (experiences and 
bonding). 

Results
Twenty (of 22 approached) children participated, and in total 51 interactions were 
accomplished. There were technical issues during respectively 35%, 53%, and 7% of 
the interactions. All children found the robot age-appropriate, and children reported 
to feel better, on average, after the interactions. 90% of children appreciated the support 
of the robot during a medical procedure, and 89% of parents were positive about a 
robot buddy for their child. Bonding scores were high at all interactions.

Conclusion
Children were highly interested to interact with the robot, had positive experiences, 
and perceived continuously high levels of bonding. Further software development is 
needed to improve technical functioning, yet the concept of a social robot buddy at 
multiple moments during cancer treatment holds promise as an addition to supportive 
care.
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INTRODUCTION
Cancer treatment and inherent procedures cause stress and anxiety in children, and 
induce a certain level of Pediatric Medical Traumatic Stress (PMTS) [1]. PMTS has 
been defined as “a set of psychological and physiological responses of children and their 
families to pain, injury, serious illness, medical procedures, and invasive or frightening 
treatment experiences” [2]. Reduction of PMTS in the pediatric oncology setting is 
important for many reasons, including reducing significant adverse psychological 
reactions (e.g., anxiety, fear, or posttraumatic stress). The international standards 
of psychosocial care therefore strongly recommend psychosocial interventions for 
invasive medical procedures [3]. In the Netherlands, as part of standard care during 
treatment, child life specialists are available to prepare and support children during 
medical procedures, and if needed, a team of psychologists is available to provide 
specialized additional psychosocial care [4]. 

To supplement currently available methods of supportive care for children, social 
robots are increasingly used in health care [5-7]. Social robots meet unique care needs 
of children [8], and have been used in healthy children to reduce pain and distress 
during vaccinations using cognitive-behavioral strategies [9] or distraction [10]. In 
pediatric patients, social robots have been used for distraction to diminish pain and 
anxiety during blood draws using by for example singing, dancing, and telling jokes 
[11], and to reduce pain and fear during painful medical procedures by doing activities 
that children choose themselves [12]. Several reviews can be found that describe the 
use of social robots in pediatrics [13-17]. Specifically in pediatric oncology, a social 
robot was used in a pilot randomized controlled trial to reduce procedural pain and 
distress in children during subcutaneous port needle insertions using either cognitive-
behavioral strategies (vocalizations and movements) or active distractions (dancing). 
Results showed no difference in pain between the two strategies, but less distress in the 
active distraction arm [18]. 

Even though these single encounters between children and social robots in a medical 
setting show promising results in reducing pain, stress, and anxiety, children receiving 
cancer treatment undergo repeated hospitalizations and medical procedures over 
longer periods of time. Children seem to be able to form relationships with social 
robots, and consider them to be a buddy or friend [19-21]. Therefore, having multiple 
encounters with a social robot throughout treatment, and developing a longer-term 
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bond could provide opportunities and benefits as a novel way of supportive care for 
children to reduce PMTS. 

This study explored the introduction of a social robot as a buddy into pediatric 
oncology care. Previous studies so far used a Wizard-of-Oz approach whereby the 
robot is operated by a researcher or health care provider and/or the behavior of the 
robot was usually simple, such as play or dance. In this study, a social robot was 
developed that interacted autonomously and could have personalized conversations. 
These features are novel in this context and likely contribute to a buddy experience for 
children. Therefore, we aimed to evaluate context and technical feasibility, experiences 
of children and parents, and bonding of children over multiple interactions with a 
social robot in different settings.

METHODS
Participants and recruitment
In this prospective study, children were eligible to participate if they were: (1) Between 
6-12 years old, (2) currently hospitalized at the stem cell transplant unit or solid 
tumor department of the Princess Máxima Center for pediatric oncology between 
April 2021 and July 2021, and (3) fluent in Dutch. Children who met all inclusion 
criteria were identified via child life specialists, and families received both written 
and oral information about the study within the first few days of their hospitalization. 
Reasons for not participating were registered, and parents of participating families 
signed informed consent. The study was classified as exempt of the Medical Research 
Involving Human Subjects Act by the medical ethics review board of Utrecht University 
(number 21-074).

Procedure
Children were invited to interact with the robot three times: The first two times in their 
patient room while being hospitalized, and the third time during a medical procedure. 
The children were allowed to select themselves if and during which medical procedure 
they wanted to have the third interaction. The interactions were guided by a trained 
researcher, and at least one parent had to be present. In the patient room, the robot was 
usually placed on the nightstand of the child, which extended over the bed or chair, so 
that the robot and child were sitting in front of each other at the same level (Figure 1). 
During the medical procedure, the robot was placed as close as possible to the child. All 
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interactions were started by the researcher via a laptop. The robot could be paused at any 
time via the laptop or by a touch on its head. All three interactions lasted 5-10 minutes. 

FIGURE 1
Hero sitting on the nightstand over the bed of the child (set-up) and visualization of the 
functionalities presented to children

Interactions and setting
For the interactions, the NAO6 robot was used (hardware produced by SoftBank Robotics 
©). A software framework was developed to let the robot behave autonomously in a 
socially intelligent way [22]. This means that the robot was able to understand answers 
of children independently, and responded differently based on the input of children. 
Conversational scripts were created for three different interactions (Table 1). To provide 
a buddy experience, all three interactions were personalized, whereby the robot used 
the name and answers of children throughout the interaction, but also in the next 
interaction. Besides personalization, this also served the purpose of triggering curiosity 
in children for the next interaction, and taking away possible additional stress that may 
come with unfamiliarity with the robot during a medical procedure (interaction 3). The 
robot was named Hero, a name that was chosen by children in our center.
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During the interactions, the robot asked children open-ended or close-ended 
questions. To open-ended questions, any answer could be given and the interaction 
continued regardless of the answer. To close-ended questions, children had to give a 
specific answer the robot needed to understand, and the robot replied differently based 
on this answer. Here, children had two attempts to answer, and in case of no success, the 
robot used a repair mechanism to reduce frustration and assure the interaction could 
continue properly [23]. The buttons on the left and right foot of the robot corresponded 
to a yes or no answer (indicated by a green and red light above the buttons). In case 
of a multiple-choice question, the robot would list some answer options and children 
could push the yes-button when they wanted to select the mentioned answer. 

Measures
A logbook and observation form were filled out by the researcher to register feasibility, 
including: Reasons for families not completing all three interactions, technical issues, 
use of pause function, and course of the interactions between children and the 
robot. Additionally, children were asked to report on the intelligibility of the robot 
(good/sometimes good, sometimes bad/bad) and easiness to talk to the robot (easy/
sometimes easy, sometimes difficult/difficult).

Questionnaires were filled out in interview form with children and parents to evaluate 
experiences. At the first two interactions, children were asked before and after the 
interaction how they were feeling at that moment on a scale of 0-10 (with a higher score 
indicating feeling better). After the interaction, children rated the age-appropriateness of 
the robot (yes/no), feelings towards the robot using adjectives such as kind, funny, and 
scary (yes/a little bit/no), and how much they liked the activity with the robot on a scale 
of 0-10 (with a higher score indicating liking the activity more). At the third interaction, 
if the interaction was during a medical procedure, children rated their experiences 
regarding stress and anxiety (less/same/more) and pain (less/same/more) compared to 
previous medical procedures, ability to focus on the story (well/sometimes/bad), and 
perceived support by the robot (yes/some/no). Parents rated whether their child’s stress 
and anxiety (yes/maybe/no) and pain (yes/maybe/no) were less compared to previous 
medical procedures, as well as progress of the procedure (easier/similar/more difficult), 
and supportiveness of the robot during a medical procedure (yes/somewhat/no).

Bonding was assessed after each interaction using a self-report questionnaire that 
consists of 13 items representing three different domains of child-robot relationship 
formation: (1) Closeness (5 items), (2) trust (4 items), and (3) perceived social support 
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(4 items) [24]. The questionnaire was developed and validated for children 7-11 years 
old, so we did not administer it for the 6-year-olds. Each item could be answered on 
a 5-point Likert scale running from “does not apply at all” to “applies completely”. 
The items of each scale provide an average score ranging from 1 to 5, where higher 
scores indicated either more perceived closeness, trust, or social support. Reliability 
of the three scales were found to be acceptable to good, with Cronbach’s alpha’s of 0.84 
(closeness), 0.86 (trust), and 0.71 (perceived social support). Additionally, we asked 
children after the third interaction whether they would want to talk with the robot 
about hospital related topics (yes/maybe/no) and feelings (yes/maybe/no).

Data analyses
Data was analyzed using IBM SPSS Statistics, version 25. For bonding, averages were 
calculated for all three scales of closeness, trust, and perceived social support separately. 
Descriptive statistics (frequencies, percentages, and averages) were used to describe 
participants, feasibility, experiences, and bonding as reported by children and parents. 

RESULTS
Participants
Twenty-two children met the inclusion criteria, and these families were invited 
to participate in the study. Two families did not participate: One because parents 
disapproved of the use of robots in health care and the other because it was not the 
right moment (the family was too overwhelmed). Thus, twenty children and their 
parents participated in this study (91% response rate) (Table 2). Children were on 
average 8.5 years old (SD = 1.96, median = 9 years old), and evenly divided with regard 
to sex. Most children (80%) had their first interaction with the robot within 4 months 
after their diagnosis (M = 3.78, SD = 6.28, range 0-25 months). 

Feasibility
Hospital context

All 20 families completed the first interaction, 17 families (85%) completed the second 
interaction, and 14 families (70%) participated in all three interactions, resulting in 
a drop out of 30%. In total, 51 interactions with the robot were accomplished (85%). 
Reasons for drop-out were lack of additional hospital visits (4/20), disliking the robot 
(1/20), and the child becoming too ill (1/20). Of the 14 families participating at the 
third interaction, the robot accompanied 11 children during a medical procedure. 
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Reasons for the robot not accompanying a medical procedure were families not 
wanting to change the regular routine (2/14, interactions done at the patient room), 
and a change in schedule (1/14, interaction done at the outpatient clinic). On average, 
there were 34 days between the first and third interaction (SD = 24.14, range 11-99).

TABLE 2
Patient characteristics (n = 20)

n %
Age
6 years 6 30.0
7 years 1 5.0
8 years 1 5.0
9 years 5 25.0
10 years 3 15.0
11 years 4 20.0
Gender
Boys 10 50.0
Girls 10 50.0
Department
Stem cell transplantation unit 3 15.0
Solid tumor department 17 85.0

Technical functioning of the robot

At the three consecutive interactions, technical issues were encountered at respectively 
35%, 53%, and 7% of the interactions. In respectively 15%, 6%, and 7% of the interactions, 
the issue could not be solved by restarting the robot, and resulted in early termination 
of the interaction after which the interaction was planned again. The option to pause the 
robot was used once in 15% of the first interactions, once or twice in 12% of the second 
interactions, and between one and multiple times in 29% of the third interactions. Reasons 
to pause the robot in the patient room were mostly bathroom breaks or interruptions 
by (medical) staff. At the first and second interaction, respectively 80% and 13% of the 
children could not answer the robot the way they wanted to even when using the repair 
mechanism at least once. Most children (90%) needed help from the researcher during 
the first interaction (median = 4, IQR = 2-5, range 0-16 times), and all children (100%) 
needed help during the second interaction (median = 4, IQR = 2-5.75, range 1-12 times). 
This help consisted mostly of extra instructions or timing of answers. Children reported 
good intelligibility of the robot both during the first and second interaction (83% and 
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67% respectively). After the first interaction, 59% of the children reported that talking to 
the robot was not easy, which changed to 33% after the second interaction.

Experiences
During hospitalization (interaction 1 and 2)

All children experienced the robot as age-appropriate in both interactions. Children 
found the robot fun and kind, and none of the children thought the robot was stupid. 
Some children thought the robot was a little bit stressful and weird in the first interaction 
(22% and 50% respectively), but this became less in the second interaction (14% and 
31% respectively) (Figure 2). Children on average reported to feel slightly better after 
the first two interactions with the robot (8.3 and 8.6 respectively) compared to before 
the interactions (7.9 and 7.9 respectively). Children rated interaction 1 on average an 
8.7 (range 5-10), and interaction 2 a 9.2 (range 6-10).

FIGURE 2
Ratings of children about the robot 

 

Note. Interaction 1, n = 18; interaction 2, n = 16.

During a medical procedure (interaction 3)

The robot was present during subcutaneous venous port insertions (55%), Hickman 
plaster changes (18%), a probe insertion (9%), going under anesthesia (9%), and 
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removing a needle (9%). After the procedure, most children (70%) reported to have 
experienced less stress and anxiety, and a proportion (30%) less pain now that the 
robot was present. Three-quarters of the children reported they were able to adequately 
listen to and watch the story of the robot. Almost all children (90%) appreciated that 
the robot was there to support them. Most parents (78%) reported that they thought 
their child experienced less stress and anxiety, and half of them (50%) less pain. They 
also reported that the procedure mostly went similar to normal (78%) or easier (22%). 
Almost all parents (89%) were positive about using a robot as a buddy to support 
children during medical procedures.

Bonding
At all three interactions, bonding scores were on average high and above 4 for perceived 
closeness, trust, and social support. Scores were also quite stable across the three 
interactions (Figure 3). Children were divided about whether they would prefer to 
talk with the robot about hospital related topics or not (42% yes, 42% no, 16% maybe). 

FIGURE 3
Perceived bonding by children with the social robot over three interactions

Note. Interaction 1, n = 13; interaction 2, n = 10; interaction 3, n = 7.
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Around half of the children (58%) would like to talk with the robot about how they 
feel, yet a quarter of the children would not (25%).

DISCUSSION
We explored the introduction of a social robot as a buddy into pediatric oncology care, 
using an autonomously interacting robot, capable of personalized conversations. With 
regard to feasibility, we found that participation among children during treatment 
was high, even within the first few months after diagnosis. This confirms the strong 
attraction of children to a social robot, and indicates that social robots can provide 
unique opportunities to reach children in a health care context. However, completing 
multiple interactions was not always possible (in about 1/3 children unsuccessful), and 
accomplishing the interactions required a lot of effort from the researcher.

There were many technical issues, although only few that resulted in early termination 
of the interaction. The technical issues that were experienced most were the automatic 
speech recognition not working, the robot not continuing the interaction when it was 
unable to process the answer of a child, and the robot rambling through the script. 
Almost all children experienced at least once that they were unable to respond to the 
robot, even with the repair mechanism that was put in place. Therefore, the current 
repair mechanism did not seem to work adequately enough. Many children explained 
that they struggled with the timing of pressing the button because options were listed 
too fast or there was no appropriate alternative in the list of suggestions by the robot. 
This was especially the case during the first interaction, where the conversation with 
the robot was personal, and included answers of children about for example their 
favorite color or animal (which mattered to them to be correct). This may be facilitated 
by using a tablet in communication with the robot [25] or as a repair mechanism when 
verbal communication fails [26] as was previously done in social robot studies. 

Looking at experiences during hospitalization, children were positive overall, which 
is in line with the literature [5,6,13,15,27]. Children even reported on average to feel 
somewhat better after their interactions with the robot. However, some children also 
reported they found the robot a bit stressful or encountered difficulties in talking with 
the robot. Possibly, some children were too young for the more complex interactions 
that were designed for this study. In another study, where a social robot was used 
to teach children a second language using games, positive results were obtained in 
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young children of 5-6 years old [28]. In our study, the robot expected a certain type of 
answers in a specific time frame, and especially younger children were less flexible in 
changing their answer when the robot did not understand them. Nevertheless, young 
children found the robot age-appropriate and liked the robot as a buddy. Therefore, 
future efforts may be directed toward programming the robot differently to attune 
better to younger children, for example by adjusting the vocabulary, timing, and 
answering possibilities. Other suggestions from younger children in our study for 
future developments were more free play with the robot, hearing and sharing more 
stories, or just its company (being there). 

During medical procedures, about 1/5 children did not prefer the presence of the robot. 
Children who did, reported less stress and some of them also less pain, which was also 
confirmed by parents. We attempted to include the experiences of child life specialists 
with a robot buddy supporting children, but did not succeed because of their absence 
during the medical procedures. Considering that child life specialists were found to be 
more reluctant towards social robots than other health care providers working in pediatric 
oncology [29], it would be valuable to further investigate how to integrate social robots 
into their work when used for stress reduction. We observed that children experiencing 
lots of stress during the medical procedure, had no attention for the robot. Storytelling 
may therefore not be suitable to distract children enough during very stressful events, as 
it requires active attention from the child. Therefore, active distraction, as was done in 
previous studies with promising results, may work better [10-12,18]. However, for these 
highly stressed children, introducing a social robot upon a medical procedure may cause 
additional stress, and having bonded with the robot could be especially beneficial. More 
generally, repeated interactions may be more meaningful in overall stress and anxiety 
reduction in the hospital context, and more research is needed on effectiveness, as well 
as meaningful time points during treatment for a robot buddy.

Almost all children appreciated the company of the robot as a buddy, and ratings 
on bonding over three interactions remained high. In previous research, in which 
the bonding questionnaire was validated, scores were also high after one encounter 
[24]. Our study showed that children did not seem to have lost interest in the robot 
after three interactions in a time period within one month. Future research should 
determine whether loss of interest occurs after more interactions or time to further 
explore the extend of a buddy during longer-term treatment. Bonding may increase 
further if the robot discusses topics more personally related to children, such as the 
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child’s illness and/or feelings. But, because of ethical and data safety concerns when 
using software that is connected to the internet, we were unable to realize this.

Limitations
For younger children (<8 years old) it was difficult to reflect on the interactions with 
the robot. They were very excited about the robot, and sometimes their scores did 
not seem to match the reality (e.g., the robot was never able to process the responses 
of the child, but the child answered that it was very easy to talk to the robot). Also, 
only a limited number of interactions could be realized during medical procedures in 
which limited stress was encountered. Therefore, we cannot draw conclusions about 
experiences under more stressful circumstances.

Future directions
We developed and tested a robot that is capable of autonomous interactions with children, 
whereby also tailoring conversations based on answers of children and using answers of 
children in later conversations. Especially the functionality of autonomous conversations 
is important for future implementation whereby not relying on or burdening health care 
providers. However, further technical development is needed. The robot should better 
understand the child, and alternative speech recognition software that can be used 
without internet connection is needed for more advanced and safe interactions in the 
hospital context. Also, an alternative route for continuing the interaction when the robot 
does not understand the child is needed. Additionally, when the interaction is not going 
smoothly (i.e., multiple times reaching the maximum number of answering attempts) 
the robot should be able to adapt by for example making the interaction simpler (i.e., 
switching to yes-no questions only or answering through buttons). Furthermore, 
children should be trained properly in using a social robot to improve independent use, 
as children usually show a learning curve in using new technologies. 

Conclusions
We found that children were highly interested to interact with the robot, had positive 
experiences, and perceived high levels of bonding over three interactions. Therefore, 
we believe that the concept of a robot buddy for children for multiple interactions 
during cancer treatment for supportive care is promising. However, further software 
development or simpler interactions are needed to overcome some technical issues 
and ensure smoother interactions.
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ABSTRACT
Objectives 
Children with cancer often experience sleep problems, which are associated with many 
negative physical and psychological health outcomes, as well as with a lower quality of 
life. Therefore, interventions are strongly required to improve sleep in this population. 
We evaluated interactive education with respect to sleep hygiene with a social robot 
at a pediatric oncology outpatient clinic regarding the feasibility, experiences, and 
preliminary effectiveness. 

Methods
Researchers approached children (8 to 12 years old) who were receiving anticancer 
treatment and who were visiting the outpatient clinic with their parents during the 
two-week study period. The researchers completed observation forms regarding 
feasibility, and parents completed the Children’s Sleep Hygiene Scale before and two 
weeks after the educational regimen. The experiences of children and parents were 
evaluated in semi-structured interviews. We analyzed open answers by labeling each 
answer with a topic reflecting the content and collapsed these topics into categories. We 
used descriptive statistics to describe the feasibility and experiences, and a dependent-
samples t-test to evaluate the preliminary effectiveness. 

Results
Twenty-eight families participated (58% response rate) and all interactions with the 
robot were completed. The children and parents reported that they learned something 
new (75% and 50%, respectively), that they wanted to learn from the robot more often 
(83% and 75%, respectively), and that they applied the sleeping tips from the robot 
afterwards at home (54%). Regarding the preliminary effectiveness, children showed a 
statistically significant improvement in their sleep hygiene (p = 0.047, d = 0.39). 

Conclusions
Providing an educational regimen on sleep hygiene in a novel, interactive way by using 
a social robot at the outpatient clinic seemed feasible, and the children and parents 
mostly exhibited positive reactions. We found preliminary evidence that the sleep 
hygiene of children with cancer improved.
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INTRODUCTION
Sleep problems are common during and after treatment for childhood cancer [1-4] 
and they are related to a lower quality of life [5-7]. The prevalence of sleep problems in 
children with cancer during treatment ranges from 74 to 95% [5]. In this population, 
the sleep problems that are most frequently reported are bedtime resistance, sleep 
onset delay, and sleep anxiety. We can address these sleep problems with behavioral 
and educational interventions [1,6,8]. In the general population, parental knowledge 
about sleep hygiene is limited [9-11]. However, it has been shown that a greater 
parental knowledge of sleep is associated with healthier sleep practices [11,12] and 
that sleep hygiene education for parents and children is effective at improving sleep 
[13-16]. A multicomponent sleep intervention for children with brain tumors was 
tested in a pilot randomized controlled trial, which showed a modestly positive effect 
on nighttime sleep duration [17]. However, this intervention included education as 
well as relaxation training and stimulus control; thus, the effects of an education-only 
session on sleep hygiene in this population remains unknown. 

To effectively change sleep hygiene in school-aged children, education should not only 
target parents, but it should also positively engage children. Social robots are considered 
fun and motivational by children, and parents appreciate that robots have a lot of patience, 
are not judgmental, and can help their children [18]. Children also accept the instructions 
of social robots and enjoy the company [19]. In a recent review on social robots for 
education, it was found that robots can provide outcomes that are similar to human 
tutoring in specific tasks, and that they can improve cognitive and affective outcomes [20]. 
Social robots also showed promise in improving the knowledge of children in health care 
settings through the provision of information [21]. For instance, in a previous study, it was 
found that social robots can support health education for children with diabetes. When 
compared with a control group, the social robot group experienced more enjoyment and 
engagement, and there was an increase in their health knowledge [22]. 

Supporting families of children with cancer with an educational sleep hygiene 
intervention is important for improving their knowledge of sleep hygiene. A social 
robot could be an appropriate tool, but it has not been previously used for this 
purpose. Therefore, this study aimed to explore the use of a social robot for interactive 
sleep hygiene education among school-aged children with cancer and their parents. 
Specifically, we aimed to evaluate the feasibility, the experiences of the children and 
their parents, and the preliminary effectiveness on sleep hygiene. 
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METHODS
Participants and recruitment
In this prospective study, children participated in an interactive sleep education 
session with a social robot together with one or both of their parents. Children were 
eligible to participate if they: (1) Were between 8 and 12 years old, (2) had received 
active anti-cancer treatment, (3) visited the outpatient clinic of the Princess Máxima 
Center during the two-week study period, (4) were accompanied by at least one parent, 
and (5) were fluent in Dutch. Children did not have to experience sleep difficulties to 
participate. We selected the specific age range of 8 to 12 years for multiple reasons. We 
based the lower age limit on previous clinical experience with this specific robot, from 
which we concluded that children between 4 to 7 years old seemed too young for the 
type of interactions that were created. In addition, 8-year-old children are old enough 
to independently participate and go to bed autonomously. The upper age limit was set 
to prevent the inclusion of children with shifting circadian rhythms in adolescence 
[23,24], or the perception of the robot as too childish or patronizing.

We identified children who met all inclusion criteria and informed these families about 
the study by mail one week prior to their outpatient clinic appointment. Additionally, 
we contacted families by phone on the day before their visit to discuss any remaining 
questions regarding study participation, or to record reasons for nonparticipation. 
Parents of participating families signed informed consent. The institutional medical 
ethics review board (number 21/640) classified this study as exempt from the Medical 
Research Involving Human Subjects Act.

The interactive sleep education 
For the interactive sleep education, we used the NAO6 robot (hardware produced by 
SoftBank Robotics ©). Figure 1 shows a picture of the robot and set-up. A software 
framework was developed to allow the robot to autonomously behave in a socially 
intelligent way. We selected six health behaviors that are important for healthy sleep 
hygiene to implement in the education session [25]: (1) Minimal activities and screens 
before bedtime, (2) a consistent sleep routine, (3) an adequate sleep environment, (4) 
management strategies for worries, (5) daytime exercise, and (6) limiting food and 
drinks. We developed the content to be appropriate for children from 8 to 12 years 
old by using simple and appropriate language, providing visual support in the form of 
pictures, and fitting the content into a session with a duration of 10 min, at most (to 
ensure that children could sustain their attention).
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FIGURE 1
Picture of the robot and set-up

The education started with the robot introducing itself as Hero the Sleep Professor, 
and with some small talk about sleep. The robot then discussed the sleep hygiene 
topics through 14 questions. The robot provided feedback on the children’s answers 
and delivered explanatory information. Whenever the robot provided a sleep hygiene 
tip, its lights turned orange to increase awareness. A tablet visually supported the 
information provided by the robot, and children were able to select a virtual avatar to 
represent themselves when performing exercises, such as creating a bedtime routine. 
Figure 2 shows the illustrations of the avatars and examples of the use of the tablet. 
At the end, the robot said goodbye, and then children received a magnet with a 
summary of the tips and a written relaxation exercise to take home. Table 1 shows 
more information regarding the content of the education and interactions.

The 14 questions were either generic (n = 8) or personalized (n = 6). For the generic 
questions, children could give any answer using speech or the tablet, and the robot 
would react the same regardless of the answer. For the personalized questions, children 
had to give specific answers, and the robot replied differently based on the answer. 
Here, children had two attempts to answer using speech. In case of repeated failures, 
the robot would use a repair mechanism by displaying multiple-choice options on the 
tablet to reduce frustration and to ensure that the interaction could properly continue 
[26]. 
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FIGURE 2
Examples of visual support by the tablet 
(a) The avatars that the children could choose from

(b) Options when showing or creating a bedtime routine

(c) The robot describing its bedroom before asking children what their bedrooms looks like 

Illustrations were made by Patrizia D’Olivo ©
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We included two small breaks to allow children to relax and to support their attention 
span. During the first break, children recorded their own voices, which were used 
later in the education (i.e., co-creation) [27]. During the second break, children were 
invited to perform a popular TikTok dance together with the robot to music. The 
children could respond to the break activities by either participating or not, and the 
education continued regardless of their responses. 

Procedure and measures
In the assessment of feasibility, researchers asked eligible patients whether it was 
possible for them to participate, as well as their reasons for wanting to participate. If 
they participated, then parents completed a questionnaire on their child’s sleep hygiene 
before the education session. One of the five trained research staff members guided the 
education session. To further assess feasibility, researchers completed an observation 
form to log the technical functioning of the robot, engagement of the child, and the 
course of the interaction between the child and the robot during the session. After the 
education session, researchers conducted semi-structured interviews with children 
and parents about their experiences with the robot. The interviews consisted of open 
and closed questions using an overall rating on a scale of 0 to 10 (with a higher score 
indicating a better experience). Two weeks after the interaction, parents completed the 
sleep hygiene questionnaire again, with two additional questions to evaluate the use of 
the tips. The total time investment for families was about 30 min. 

Sleep hygiene was assessed with the Dutch version of the Children’s Sleep Hygiene 
Scale (CSHS) [28,29]. This parent-report questionnaire consists of 25 questions about 
sleep hygiene that can be answered on a 6-point scale (1 = never and 6 = always). 
The CSHS provides an overall measure of sleep hygiene, where higher scores indicate 
better sleep hygiene. Reliability of the Dutch version is acceptable, with a Cronbach’s 
alpha of 0.78 [30]. 

Data analyses
Data was analyzed using IBM SPSS Statistics, version 25. We used descriptive statistics 
(frequencies, percentages, and averages) to describe the sample, feasibility (possibility 
of and reasons for participating, technical functioning of the robot, engagement of 
children, and course of the interactions), and the experiences of children and parents. 
For the latter, we analyzed the open answers of the semi-structured interviews by 
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labeling each answer with a topic reflecting the content. Two researchers (KvB and 
HvdH) independently identified and coded the topics of the open answers and 
collapsed them into categories. The researchers discussed the differences until they 
reached a consensus. To determine preliminary effectiveness of the program on sleep 
hygiene, a total mean score was calculated for the CSHS. We used a repeated measures 
t-test (p < 0.05) to analyze differences in sleep hygiene scores before and two weeks 
after the education. We estimated Cohen’s d to interpret the magnitude of the effect, 
where we considered 0.2 as small, 0.5 as medium, and >0.8 as large, based on Cohen’s 
guidelines [31].

RESULTS
Participants
The participants (n = 28) were 9.4 years old (SD = 0.99), on average, and they were 
evenly divided regarding sex (50% boys). Most children were diagnosed with a hemato-
oncological disease. The parents of eight children (29%) shared additional information 
about their children: They reported two cases of Down syndrome, a developmental 
delay, a visual impairment, Gilles de la Tourette, speaking and performance anxiety, 
selective mutism, and autism with ADHD. Table 2 shows more details about the 
participants’ characteristics. 

TABLE 2
Patient characteristics (n = 28)

n %
Age
8 years 7 25.0
9 years 6 21.4
10 years 12 42.9
11 years 3 10.7
Gender
Boys 14 50.0
Girls 14 50.0
Diagnosis type
Hemato-oncology 19 67.9
Neuro-oncology 7 25.0
Solid tumor 2 7.1
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Feasibility
Possibility of participating when visiting the outpatient clinic

A total of 48 families met the inclusion criteria and were invited to participate in the 
study. There were 28 families that participated (58%). There were 20 families that did 
not participate, which was mostly because the children were not in the mood/it was 
not a good moment (42%). Of the 28 families that participated, 24 families (86%) also 
completed the questionnaire two weeks later. Figure 3 shows more details about the 
inclusion process and reasons for not participating.

FIGURE 3
Flowchart of participants and reasons for not participating

Note. T1 = interactive sleep hygiene education at the outpatient clinic, T2 = completing sleep 
hygiene questionnaire two weeks later.

Reasons for wanting to participate

Children reported that they participated because they were interested in the robot (61%), 
but also because their parents wanted them to (32%), or they wanted to learn more about 
sleep (7%). The reasons that the parents participated were more diverse: Being interested 
in the robot (29%), helping researchers and science (29%), because their children wanted 
to (21%), to learn about sleep (18%), and to pass time at the hospital (4%).

Technical functioning of the robot

The robot functioned without any problems in almost all the cases (89%). In the 
three cases where the robot did not function properly, restarting the robot solved the 
problem. For all the children (100%), the interaction with the robot could be fully 
completed.
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Participation of children 

Almost all the children (93%) were involved in the interaction with the robot, and they 
maintained their engagement from beginning to end. Two children sometimes lost 
their attention span, but they still completed the interaction.

Course of the interaction between child and robot

Most of the children (89%) responded to all of the generic questions; two children 
did not respond one time, and one child did not respond twice. Children needed 1.5 
attempts, on average, to provide an answer to a personalized question that the robot 
could understand and process. More than half of the children (54%) needed to answer 
using the repair mechanism on the tablet: Eight children once, six children twice, and 
one child three times. The researcher often helped the children (50% with generic 
questions and 72% with personalized questions) during the interaction, mostly by 
providing extra instructions. The children (59%) needed the most help with the first 
two questions, and barely any help (3%) with the last two questions. At the breaks, 
most children (71%) participated in all of the activities. The children responded least 
to the robot asking them to dance and snore. 

Experiences of children and parents
Evaluation by children

The children were generally enthusiastic about their interactions with the robot. The 
majority (55%) did not dislike any aspect of the robot, and none thought that the 
robot was scary. The children mentioned the interactive elements, such as talking and 
dancing with the robot, as the parts that they liked as well as disliked. Most of the 
children (75%) indicated that they learned something new about sleep from the robot, 
mostly regarding food and drinks and the sleeping routine. Furthermore, most of the 
children (75%) indicated that they intended to follow up on the sleeping tips of the 
robot, mostly with regard to limiting screen time before bed, paying attention to food 
and drinks, and sleeping in a dark room. Most of the children (82%) wanted to engage 
in interactive education with the robot more often. On average, the children rated their 
interaction as 8.6 (range: 5 to 10). Figure 4 shows more details about how the children 
evaluated the robot. 
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FIGURE 4
Ratings of children about the robot 

Evaluation by parents

Almost all of the parents (96%) were positive about the use of a robot for educational 
purposes at the hospital, and most of the parents (86%) found the education 
appropriate for their children. The following are what parents considered the positive 
aspects: Suitability for children, a playful way of learning, and the interactive nature of 
the robot. Most of the parents (71%) thought that their child learned something new 
from the education, and half of the parents (50%) learned something new themselves. 
Many of the parents did not have any suggestions for improvements (52%); however, 
if they did, they consisted of the following areas of inquiry: Appropriateness for other 
ages (younger or older), presentation of the robot (location and looks), speaking pace 
(both faster and slower), and further software development (a better understanding 
of answers). Most of the parents (75%) indicated that they would want to engage in 
interactive education with the robot more often. In addition, parents suggested other 
topics for this: Medical procedures; pain, stress, and anxiety; nutrition; and medication. 
They suggested that the robot could be helpful for distraction, entertainment, physical 
activity, and to accompany the children as a buddy. On average, the parents rated the 
interaction as 8.0 (range: 7 to 10).
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Preliminary effectiveness on sleep hygiene
Two weeks after the sleep education session with the robot, about half of the parents (54%) 
reported to have implemented something from the education at home, which mostly 
included rules to limit screens and stimulus control before bed. The parents who did not 
implement elements from the education indicated that they already applied most of the 
tips. Before the education, the sleep hygiene scores of the children ranged from 4.40 to 5.56 
(M = 5.11, SD = 0.27). Two weeks after the education, the sleep hygiene scores ranged from 
4.76 to 5.68 (M = 5.26, SD = 0.25), which was a statistically significant improvement (Mdiff 
= 0.10, t(22) = −2.1, p = 0.047), with a small to medium effect size (d = 0.39). 

DISCUSSION
In the current study, we investigated interactive education with respect to sleep 
hygiene with a social robot at a pediatric oncology outpatient clinic. The execution 
of the education at the outpatient clinic was feasible, as more than half of the families 
were able to attend, and the interest in participation was high. Moreover, the setting 
of the education session with the social robot was inclusive, as several children with 
(developmental) comorbidities were able to participate and complete the educational 
session together with their parents. The robot functioned well, and all the children were 
able to complete the educational regimen. The repair mechanism and the support of the 
tablet were important factors that contributed to the feasibility of the education session. 
The children responded well to the interactive parts, and they were able to maintain 
their attention for the 10-min session. Even though they often needed help from the 
researcher, the children quickly learned (in minutes) how to interact with the robot as 
their education progressed, which is similar to another study in healthy children [32].

The children and parents reported positive experiences regarding the education session, 
which is comparable to other social robot studies [18,33,34]. Contrary to previous 
research, the children did not remark on the repetitive aspects of the education regimen 
and the slow responses of the robot [22]; however, we had a one-session interaction, 
compared with the multiple-session education of the other study. Considering that 
families reported that they would like to learn from the robot more often, multiple 
sessions seem appropriate and could be beneficial for educational purposes [22,35].

The children enjoyed the interactive parts of the educational session, but some of the 
children disliked the interactive activities during the breaks. This result was also found 
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in another study with healthy children who engaged in interactive storytelling with 
a social robot [36]. A minority of the children disliked the interactive parts, and in a 
follow-up study, the researchers made parts of the interaction optional, which resulted 
in an improved sense of agency and acceptance [27]. Nevertheless, most of the families 
indicated that they learned something new from the robot, which we expected based 
on the literature [20-22], and this confirms that these results also apply to our pediatric 
outpatient oncology setting and for the purpose of sleep education.

The preliminary effectiveness of sleep education from a social robot in the outpatient 
pediatric oncology care setting was promising, as we found a statistically significant 
improvement in sleep hygiene two weeks after the interactive educational session. 
These results are remarkable, as one review concluded that while most sleep education 
programs in healthy children increased their sleep knowledge, this did not necessarily 
equate to sleep behavior changes, such as improved sleep hygiene [37]. However, in 
this study, most of the families followed up on the sleeping tips from the robot and 
applied the tips at home, such as less screen time and more relaxing activities before 
bedtime. This result may underline the additional value of including parents in the 
educational session and providing education through a social robot. The magnet with 
a summary of the sleep hygiene tips may have contributed to this effect as well. 

Clinical implications
Most children with cancer experience sleep problems due to treatment effects, 
treatment-related toxicities, the hospital environment, and psychological and social 
factors [38-41]. These sleep problems are associated with many negative physical and 
psychological health outcomes [42,43], and consequently with a lower quality of life 
[6]. Therefore, interventions are paramount for improving sleep in this population 
[44], which may be achieved by improved sleep hygiene [14,16]. Our study achieved 
positive results in terms of feasibility, the experiences of the children and parents, and 
the indications of the program’s effectiveness, demonstrating that administering sleep 
hygiene education to children and parents via a social robot is a promising form of 
intervention for sleep problems.

Future directions
A larger study of the program’s effectiveness is needed before a social robot that 
provides sleep education can be considered effective at improving the sleep hygiene 
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of children with cancer. We evaluated the effects of one education session shortly 
after the intervention, and it is unknown whether these results will last over the long 
term, or whether repeated interactions would be meaningful for better or longer-
lasting behavioral change. Future developments should focus on how to best design 
such interactions with social robots in a way that keeps children optimally engaged 
[45,46], and by taking into account the role of novelty [47]. In addition, researchers 
should investigate whether the intervention is specifically effective for children who 
experience sleep difficulties, as they are in the most need of support. 

Upon further implementation of a social robot in a pediatric oncology setting, it would 
be interesting to consider whether the educational session should be supervised. On the 
one hand, the presence of a researcher during the educational session was essential to 
provide guidance and address difficulties, but it was also a potential barrier. However, 
previous research on health care providers in pediatric oncology worldwide has shown 
that the majority of them would be open to using a social robot in their work [48]. On 
the other hand, social robots that can be independently used by families (for example, 
in the waiting room at the outpatient clinic) could be appealing as well and could 
provide opportunities for easily accessible (and fun) information and prevention, with 
a minimal burden on the health care staff.

Limitations 
During the interactions with the robot, the researcher sometimes helped the children. 
This was mainly based on the researcher’s judgement of its necessity, which may warrant 
caution when interpreting these results. Regarding our measures on sleep, asking the 
children whether they adopted any changes based on the educational session with the 
robot would have been a meaningful addition, as we only asked the parents. 

Conclusions
In this study, it was feasible to provide education on sleep hygiene in an interactive and 
playful way through a social robot at an outpatient clinic. The children undergoing 
cancer treatment and their parents were mostly positive about their experiences, and 
according to the preliminary results, the educational session had positive effects on the 
sleep hygiene of the children. Therefore, social robots appear to be a promising tool for 
education on sleep hygiene in pediatric oncology groups.



4

A social robot for sleep education at a outpatient clinic

93   

REFERENCES
1. Steur, L.M.H.; Grootenhuis, M.A.; Van Someren, E.J.W.; Van Eijkelenburg, N.K.A.; Van 

der Sluis, I.M.; Dors, N.; Van den Bos, C.; Tissing, W.J.E.; Kaspers, G.J.L.; Van Litsenburg, 
R.R.L. High prevalence of parent-reported sleep problems in pediatric patients with 
acute lymphoblastic leukemia after induction therapy. Pediatric Blood & Cancer 2020, 67, 
e28165. https://doi.org/10.1002/pbc.28165.

2. Steur, L.M.H.; Kaspers, G.J.L.; Van Someren, E.J.W.; Van Eijkelenburg, N.K.A.; Van der 
Sluis, I.M.; Dors, N.; Van den Bos, C.; Tissing, W.J.E.; Grootenhuis, M.A.; Van Litsenburg, 
R.R.L. The impact of maintenance therapy on sleep-wake rhythms and cancer-related 
fatigue in pediatric acute lymphoblastic leukemia. Supportive Care in Cancer 2020, 28, 
5983-5993. https://doi.org/10.1007/s00520-020-05444-7.

3. Daniel, L.C.; Wang, M.; Mulrooney, D.A.; Srivastava, D.K.; Schwartz, L.A.; Edelstein, K.; 
Brinkman, T.M.; Zhou, E.S.; Howell, R.M.; Gibson, T.M.; et al. Sleep, emotional distress, 
and physical health in survivors of childhood cancer: A report from the Childhood Cancer 
Survivor Study. Psycho-Oncology 2019, 28, 903-912. https://doi.org/10.1002/pon.5040.

4. Peersmann, S.H.M.; Grootenhuis, M.A.; Van Straten, A.; Kerkhof, G.A.; Tissing, W.J.E.; 
Abbink, F.; De Vries, A.C.H.; Loonen, J.; Kremer, L.C.M.; Kaspers, G.J.L.; et al. Prevalence 
of sleep disorders, risk factors and sleep treatment needs of adolescents and young adult 
childhood cancer patients in follow-up after treatment. Cancers 2022, 14, 926. https://doi.
org/10.3390/cancers14040926.

5. Steur, L.M.H.; Kolk, R.H.E.; Mooij, F.; De Vries, R.; Grootenhuis, M.A.; Kaspers, G.J.L.; Van 
Litsenburg, R.R.L. The prevalence and risk factors of sleep problems in pediatric oncology: 
Its effect on quality of life during and after cancer treatment. Expert Review of Quality of Life 
in Cancer Care 2016, 1, 153-171. https://doi.org/10.1080/23809000.2016.1168265.

6. Van Litsenburg, R.R.; Huisman, J.; Hoogerbrugge, P.M.; Egeler, R.M.; Kaspers, G.J.; Gemke, 
R.J. Impaired sleep affects quality of life in children during maintenance treatment for 
acute lymphoblastic leukemia: An exploratory study. Health and Quality of Life Outcomes 
2011, 9, 25. https://doi.org/10.1186/1477-7525-9-25.

7. Gordijn, M.S.; Van Litsenburg, R.R.; Gemke, R.J.; Huisman, J.; Bierings, M.B.; 
Hoogerbrugge, P.M.; Kaspers, G.J. Sleep, fatigue, depression, and quality of life in survivors 
of childhood acute lymphoblastic leukemia. Pediatric Blood & Cancer 2013, 60, 479-485. 
https://doi.org/10.1002/pbc.24261.

8. Daniel, L.C.; Schwartz, L.A.; Mindell, J.A.; Tucker, C.A.; Barakat, L.P. Initial validation of 
the sleep disturbances in pediatric cancer model. Journal of Pediatric Psychology 2016, 41, 
588-599. https://doi.org/10.1093/jpepsy/jsw008.

9. Owens, J.A.; Jones, C. Parental knowledge of healthy sleep in young children: Results of 
a primary care clinic survey. Journal of Developmental & Behavioral Pediatrics 2011, 32, 
447-453. https://doi.org/10.1097/DBP.0b013e31821bd20b.

10. Owens, J.A.; Jones, C.; Nash, R. Caregivers’ knowledge, behavior, and attitudes regarding 
healthy sleep in young children. Journal of Clinical Sleep Medicine 2011, 7, 345-350. https://
doi.org/10.5664/JCSM.1186.

11. McDowall, P.S.; Galland, B.C.; Campbell, A.J.; Elder, D.E. Parent knowledge of children’s 
sleep: A systematic review. Sleep Medicine Reviews 2017, 31, 39-47. https://doi.
org/10.1016/j.smrv.2016.01.002.



Chapter 4

94

12. McDowall, P.S.; Elder, D.E.; Campbell, A.J. Relationship between parent knowledge of child 
sleep, and child sleep practices and problems: A pilot study in a children’s hospital cohort. 
Journal of Paediatrics and Child Health 2017, 53, 788-793. https://doi.org/10.1111/jpc.13542.

13. Mindell, J.A.; Sedmak, R.; Boyle, J.T.; Butler, R.; Williamson, A.A. Sleep well!: A pilot study 
of an education campaign to improve sleep of socioeconomically disadvantaged children. 
Journal of Clinical Sleep Medicine 2016, 12, 1593-1599. https://doi.org/10.5664/jcsm.6338.

14. Gruber, R.; Somerville, G.; Bergmame, L.; Fontil, L.; Paquin, S. School-based sleep 
education program improves sleep and academic performance of school-age children. 
Sleep Medicine 2016, 21, 93-100. https://doi.org/10.1016/j.sleep.2016.01.012.

15. Tan, E.; Healey, D.; Gray, A.R.; Galland, B.C. Sleep hygiene intervention for youth aged 
10 to 18 years with problematic sleep: A before-after pilot study. BMC Pediatrics 2012, 12, 
189. https://doi.org/10.1186/1471-2431-12-189.

16. Rey, A.E.; Guignard-Perret, A.; Imler-Weber, F.; Garcia-Larrea, L.; Mazza, S. Improving 
sleep, cognitive functioning and academic performance with sleep education at school 
in children. Learning and Instruction 2020, 65, 101270. https://doi.org/10.1016/j.
learninstruc.2019.101270.

17. Rogers, V.E.; Zhu, S.; Ancoli-Israel, S.; Liu, L.; Mandrell, B.N.; Hinds, P.S. A pilot 
randomized controlled trial to improve sleep and fatigue in children with central nervous 
system tumors hospitalized for high-dose chemotherapy. Pediatric Blood & Cancer 2019, 
66, e27814. https://doi.org/10.1002/pbc.27814.

18. Smakman, M.; Vogt, P.; Konijn, E.A. Moral considerations on social robots in education: 
A multi-stakeholder perspective. Computers & Education 2021, 174, 104317. https://doi.
org/10.1016/j.compedu.2021.104317.

19. Fridin, M.; Belokopytov, M. Embodied robot versus virtual agent: Involvement of preschool 
children in motor task performance. International Journal of Human-Computer Interaction 
2014, 30, 459-469. https://doi.org/10.1080/10447318.2014.888500.

20. Belpaeme, T.; Kennedy, J.; Ramachandran, A.; Scassellati, B.; Tanaka, F. Social robots for 
education: A review. Science Robotics 2018, 3, 21. https://doi.org/10.1126/scirobotics.
aat5954.

21. Dawe, J.; Sutherland, C.; Barco, A.; Broadbent, E. Can social robots help children in 
healthcare contexts? A scoping review. BMJ Paediatrics Open 2019, 3, e000371. https://
doi.org/10.1136/bmjpo-2018-000371.

22. Blanson Henkemans, O.A.; Bierman, B.P.B.; Janssen, J.; Looije, R.; Neerincx, M.A.; Van 
Dooren, M.M.M.; De Vries, J.L.E.; Van der Burg, G.J.; Huisman, S.D. Design and evaluation 
of a personal robot playing a self-management education game with children with diabetes 
type 1. International Journal of Human-Computer Studies 2017, 106, 63-76. https://doi.
org/10.1016/j.pec.2013.04.012.

23. Carskadon, M.A. Sleep in adolescents: The perfect storm. Pediatric Clinics of North 
America 2011, 58, 637-647. https://doi.org/10.1016/j.pcl.2011.03.003.

24. Crowley, S.J.; Wolfson, A.R.; Tarokh, L.; Carskadon, M.A. An update on adolescent sleep: 
New evidence informing the perfect storm model. Journal of Adolescence 2018, 67, 55-65. 
https://doi.org/10.1016/j.adolescence.2018.06.001.

25. Galland, B.C.; Mitchell, E.A. Helping children sleep. Archives of Disease in Childhood 2010, 
95, 850-853. https://doi.org/10.1136/adc.2009.162974.



4

A social robot for sleep education at a outpatient clinic

95   

26. Ligthart, M.E.U.; Fernhout, T.; Neerincx, M.A.; Van Bindsbergen, K.L.A.; Grootenhuis, 
M.A.; Hindriks, K.V. A child and a robot getting acquainted - Interaction design for eliciting 
self-disclosure. In Proceedings of the 18th International Conference on Autonomous 
Agents and MultiAgent Systems (AAMAS), Montreal, Canada, 2019; pp. 61-70.

27. Ligthart, M.E.U.; Neerincx, M.A.; Hindriks, K.V. Co-creation as a facilitator for co-
regulation in child-robot interaction. In Proceedings of the Companion of the ACM/IEEE 
International Conference on Human-Robot Interaction (HRI), Boulder, CO, USA, 2021; 
pp. 298-302. https://doi.org/10.1145/3434074.3447180.

28. Harsh, J.R.; Easley, A.; LeBourgeois, M.K. A measure of children’s sleep hygiene. Sleep 
2002, 25, A316.

29. Van der Heijden, K.B.; Smits, M.G.; Gunning, W.B. Sleep hygiene and actigraphically 
evaluated sleep characteristics in children with ADHD and chronic sleep onset 
insomnia. Journal of Sleep Research 2006, 15, 55-62. https://doi.org/10.1111/j.1365-
2869.2006.00491.x.

30. Van der Heijden, K.B.; De Sonneville, L.M.; Swaab, H. Association of eveningness 
with problem behavior in children: A mediating role of impaired sleep. Chronobiology 
International 2013, 30, 919-929. https://doi.org/10.3109/07420528.2013.790041.

31. Cohen, J. The effect size. In Statistical Power Analysis for the Behavioral Sciences; 
Routledge: New York, NY, USA, 1988; pp. 77-83.

32. Ligthart, M.E.U.; Neerincx, M.A.; Hindriks, K.V. Getting acquainted for a long-term child-
robot interaction. In Proceedings of the Social Robotics: 11th International Conference 
(ICSR), Madrid, Spain, 2019; pp. 423-433. https://doi.org/10.1007/978-3-030-35888-4_39.

33. Jones, A.; Castellano, G.; Bull, S. Investigating the effect of a robotic tutor on learner perception 
of skill based feedback. In Proceedings of the Social Robotics: 6th International Conference 
(ICSR), Sydney, Australia, 2014; pp. 186-195. http://doi.org/10.1007/978-3-319-11973-1_19.

34. Alemi, M.; Meghdari, A.; Haeri, N.S.; Young EFL learners’ attitude towards RALL: An 
observational study focusing on motivation, anxiety, and interaction. In Proceedings of 
the Social Robotics: 9th International Conference (ICSR), Tsukuba, Japan, 2017; pp. 252-
261. http://doi.org/10.1007/978-3-319-70022-9_25.

35. Rintjema, E.; Van den Berghe, R.; Kessels, A.; De Wit, J.; Vogt, P. A robot teaching 
young children a second language: The effect of multiple interactions on engagement 
and performance. In Proceedings of the Companion of the ACM/IEEE International 
Conference on Human-Robot Interaction (HRI), Chicago, IL, USA, 2018. https://doi.
org/10.1145/3173386.3177059.

36. Ligthart, M.E.U.; Neerincx, M.A.; Hindriks, K.V. Design patterns for an interactive 
storytelling robot to support children’s engagement and agency. In Proceedings of the 
AMC/IEEE International Conference on Human-Robot Interaction (HRI), Cambridge, 
UK, 2020; pp. 409-418. https://doi.org/10.1145/3319502.3374826.

37. Bluden, S.L.; Chapman, J.D.; Rigney, G.A. Are sleep education programs successful? The 
case for improved and consistent research efforts. Sleep Medicine Reviews 2012, 16, 355-
370. https://doi.org/10.1016/j.smrv.2011.08.002.

38. Hinds, P.S.; Hockenberry, M.; Rai, S.N.; Zhang, L.; Razzouk, B.I.; McCarthy, K.; Cremer, 
L.; Rodriguez-Galindo, C. Nocturnal awakenings, sleep environment interruptions, and 
fatigue in hospitalized children with cancer. Oncology Nursing Forum 2007, 34, 393-402. 
https://doi.org/10.1188/07.ONF.393-402.



Chapter 4

96

39. Walter, L.M.; Nixon, G.M.; Davey, M.J.; Downie, P.A.; Horne, R.S. Sleep and fatigue in 
pediatric oncology: A review of the literature. Sleep Medicine Reviews 2015, 24, 71-82. 
https://doi.org/10.1016/j.smrv.2015.01.001.

40. Dupuis, L.L.; Lu, X.; Mitchell, H.R.; Sung, L.; Devidas, M.; Mattano, L.A., Jr.; Carroll, 
W.L.; Winick, N.; Hunger, S.P.; Maloney, K.W.; et al. Anxiety, pain, and nausea during 
the treatment of standard-risk childhood acute lymphoblastic leukemia: A prospective, 
longitudinal study from the Children’s Oncology Group. Cancer 2016, 122, 1116-1125. 
https://doi.org/10.1002/cncr.29876.

41. Lee, S.; Narendran, G.; Tomfohr-Madsen, L.; Schulte, F. A systematic review of sleep in 
hospitalized pediatric cancer patients. Psycho-Oncology 2017, 26, 1059-1069. https://doi.
org/10.1002/pon.4149.

42. Itani, O.; Jike, M.; Watanabe, N.; Kaneita, Y. Short sleep duration and health outcomes: A 
systematic review, meta-analysis, and meta-regression. Sleep Medicine 2017, 32, 246-256. 
https://doi.org/10.1016/j.sleep.2016.08.006.

43. Jike, M.; Itani, O.; Watanabe, N.; Buysse, D.J.; Kaneita, Y. Long sleep duration and health 
outcomes: A systematic review, meta-analysis and meta-regression. Sleep Medicine Reviews 
2018, 39, 25-36. https://doi.org/10.1016/j.smrv.2017.06.011.

44. Daniel, L.C.; Van Litsenburg, R.R.L.; Rogers, V.E.; Zhou, E.S.; Ellis, S.J.; Wakefield, C.E.; 
Stremler, R.; Walter, L.; Crabtree, V.M.; International Psycho-Oncology Society Pediatrics 
Special Interest Group. A call to action for expanded sleep research in pediatric oncology: 
A position paper on behalf of the International Psycho-Oncology Society Pediatrics Special 
Interest Group. Psycho-Oncology 2020, 29, 465-474. https://doi.org/10.1002/pon.5242.

45. Leite, I.; Martinho, C.; Paiva, A. Social robots for long-term interaction: A survey. 
International Journal of Social Robotics 2013, 5, 291-308. https://doi.org/10.1007/s12369-
013-0178-y.

46. Gockley, R.; Bruce, A.; Forlizzi, J.; Michalowski, M.; Mundell, A.; Rosenthal, S.; Sellner, 
B.; Simmons, R.; Snipes, K.; Schultz, A.C.; et al. Designing robots for long-term social 
interaction. In Proceedings of the IEEE/RSJ International Conference on Intelligent 
Robots and Systems, Edmonton, Canada, 2005; pp. 1338-1343. https://doi.org/10.1109/
IROS.2005.154530.

47. Smedegaard, C.V. Reframing the role of novelty within social HRI: From noise to 
information. In Proceedings of the 14th ACM/IEEE International Conference on Human-
Robot Interaction (HRI), Daegu, Korea, 2019; pp. 411-420. http://doi.org/10.1109/
HRI.2019.8673219.

48. Van Bindsbergen, K.L.A.; Van Gorp, M.; Thomassen, B.; Merks, J.H.M.; Grootenhuis, 
M.A. Social robots in pediatric oncology: Opinions of health care providers. Journal 
of Psychosocial Oncology Research and Practice 2022, 4, e073. https://doi.org/10.1097/
OR9.0000000000000073.



4

A social robot for sleep education at a outpatient clinic

97   





 Psychosocial support for families at home: 
Development and investigation of two 

interactive tools

I I





Designing tactful objects for sensitive 
settings: A case study on families dealing 

with childhood cancer

5

Patrizia D’Olivo, Kelly L.A. van Bindsbergen, Jaap Huisman, 
Martha A. Grootenhuis, & Marco C. Rozendaal

International Journal of Design (2020)

D’Olivo, P., Van Bindsbergen, K.L.A., Huisman, J., Grootenhuis, M.A., & Rozendaal, M.C. 
(2020). Designing tactful objects for sensitive settings: A case study on families dealing with 
childhood cancer. International Journal of Design, 14, 103-124.



Chapter 5

102

ABSTRACT
In the field of Human-Computer Interaction (HCI), there is an increasing interest in 
designing for well-being. With this contribution, we introduce  Tactful Objects  as a 
design perspective on interactive artifacts that empower people in sensitive settings. 
We explore the concept of tactfulness by designing two interactive artifacts addressing 
the needs of families dealing with childhood cancer. The first, Mr.V, is an interactive 
dispenser to stimulate social activities in the family. The second, AscoltaMe, is a kind 
of walkie-talkie to enhance communication between family members. Eight families 
in treatment were invited to try out one of these artifacts at home. We report on how 
they perceived the objects’ impact on family life, how they used and appreciated the 
objects and how the objects embedded at home. The findings highlight that Tactful 
Objects enable people to act with respect for their vulnerabilities and circumstances 
by establishing partnerships and collaborations that are inviting and appropriate for 
the setting in which they are embedded. We then reflect on the contribution of the 
work for research in healthcare and design for other sensitive settings. We conclude by 
presenting the limitations of the study and provide directions for future work.
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INTRODUCTION
Childhood cancer is an example of a disruptive life event [1], such that the everyday 
life of families dealing with childhood cancer becomes a sensitive setting to design 
for [2]. Childhood cancer generates social, physical and emotional challenges that 
significantly impact the development of the child [3] and put stress on interpersonal 
family relationships [4]. Current research in pediatric cancer care highlights the 
extreme importance of enhancing the well-being of the entire family during the 
treatment; and of promoting interventions to help both child and family members in 
coping to decrease distress [5-8]. In addition, studies in Design and “Sensitive” HCI 
[9], have reported how interactive artifacts can be helpful in moments of crisis [10] 
because they can facilitate activities, support everyday routines or encourage new 
ones [11,12]. While stimulating changes [13] such artifacts may help in re-establish 
the normality that got impacted by disruptive life events [14]. In other words, they can 
help families to recreate the combination of spaces, habits, memories [15] that support 
their lifestyle [1].

Developing interactive artifacts for people dealing with crises requires tact in order 
to account for vulnerabilities and to avoid overwhelming the users [16-20]. We 
advance tactfulness as a design quality to attune the objects’ meaning, expressivity and 
embodiment to the needs of people in sensitive settings. We have explored this quality 
in the context of childhood cancer to help shape in appropriate and sensitive ways 
[21] the material qualities [22] and temporal form [23] of two interactive artifacts that 
we designed. As such, tactfulness was found to be useful in form giving practices for 
interaction design. However, in order to apply this to a broader design perspective, we 
need to understand how tactfully designed interactive artifacts perform in sensitive 
settings and how they provide empowering experiences. This is what this study aims 
to achieve.

The paper is organized as follows. In the Related work section, we elaborate on 
childhood cancer as a sensitive setting and present some of current supportive tools 
in cancer supportive care. We also present design examples that illustrate tactful 
approaches when designing for well-being. We then explain the rationale that brought 
us to develop two interactive artifacts for families dealing with childhood cancer in 
tactful ways. Following this, we report on a study conducted with eight families with 
a child in treatment for cancer, that were willing to try out one of these artifacts in 
their homes. We report on families’ experiences and reflect on how these insights 
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helped us to articulate the qualities of Tactful Objects. We continue by discussing the 
contribution of our work for research in healthcare and reflect on the value of Tactful 
Objects when designing for other sensitive settings. We conclude by presenting the 
limitations of the study and provide directions for future work.

RELATED WORK
In the field of developmental psychology, the growth of the child is described as a 
process where genetic factors that govern the biological development are continuously 
influenced by proximal environmental stimuli [8,24-26]. These proximal stimuli are 
described in Bronfenbrenner and Ceci’s bio-ecological model [27]. In this model, the 
family is understood as an interdependent system where each member influences the 
other [28]. As such, the family is the most critical proximal social context influencing 
the optimal development of the child [29,30] especially in case of stressful and 
disruptive conditions.

Challenges in life, which generate stress and trigger profound changes, are described as 
disruptive life events [1]. These events, such as illness, death, divorce, and relocation, 
can have an impact on the individual and on the family as a whole. For instance, by 
influencing relationships and family coherence, the well-being of each family member 
can be affected [1]. Childhood cancer can be considered a disruptive life event because 
it significantly changes a family’s normal interactions and structures [31]. Despite the 
support provided by professionals and healthcare institutions, families describe it as a 
long and lonely process [14] that creates stress on relationships [32], and generates a 
surreal experience [14]. The point that we would like to make here is that childhood 
cancer as a disruptive life event becomes a sensitive setting to design for, involving the 
family as a whole.

Much of the attention in psychosocial supportive care in pediatric oncology goes to 
preserving and fostering normality despite the many challenges and uncertainties 
caused by the illness. New approaches adopted during clinical interventions integrate 
playful activities and digital games to assess and stimulate the child’s development [8]. 
Social robots have been introduced in the hospital environment to distract and interact 
with the children during distressing procedures [7,33,34]. Attention to the families has 
been promoted with the use of new tools like the  Cellie Cancer Coping Kit  that uses 
a puppet and illustrated cards to stimulate communication between children, family 
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members and caregivers, to promote coping and to help decrease distress [6]. Other 
examples implement user friendly web-based platforms to let children, sibling and 
parents communicate with the medical staff throughout the trajectory of treatment [5].

Research in design [35,36] as well as in clinical studies [37] points out how our feelings 
of well-being and happiness depend upon the activities we engage in. Artifacts and 
technologies are considered  mediators  that shape behaviors and activities, trigger 
reflection, awareness, and offer support in everyday routines [12,38-42]. However, 
there are some important considerations when designing such interventions in 
sensitive settings. For instance, technologies in domestic environments should be 
designed with an understanding of the family setting in their rituals and rhythms [43-
46]. Many of the activities, relationships and values in this context are idiosyncratic 
and highly personal [47]. A tactful approach is even more warranted when families are 
faced with disruptive life events and are hereby likely to become vulnerable users [48].

We draw inspiration from some design examples that illustrate tactful approaches 
when designing for well-being. The  Cellie Cancer Coping Kit, mentioned earlier, is 
a good example of how to design for children with cancer as vulnerable users [6]. 
What we consider to be tactful is the friendly appearance of the puppet, suitable for 
children to hold and cuddle with, that allows it to become a companion to the child 
during medical procedures. Another example is the Chocolate Machine by Kehr and 
colleagues [12] which is tactfully designed as a behavior change strategy by challenging 
a person’s self-control in a playful way. By releasing chocolate balls and counting how 
many times the chocolate balls are placed back in the machine without eating them, a 
person becomes playfully aware of the temptation. In the Ritual Machine V by Chatting 
and colleagues [49] we see an example of how artifacts can be tactful when they are 
designed with a sensitivity for a family’s character and values. Ritual Machine V is a 
smart monocular toy for children to remain connected to parents who are traveling 
abroad. It involves a deep understanding of the needs and rhythms of the particular 
family for which the object is designed. The  Other Brother  [50] is an example that 
illustrates a tactful approach in the design of a semi-autonomous object embedded 
in a domestic environment. It is a tangible object, resembling a small knight’s helmet, 
that takes pictures and records sounds of spontaneous social events taking place in 
the environment when it is triggered by directional sound cues. It is tactfully designed 
to be experienced as an intelligent character that feels part of the family. Finally, the 
interesting concept of the  Family Circle  [46] is a portable voice messaging solution 
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system to support transitory indirect messaging in the household for working 
parents and teenaged children with separate routines. The design is based on the use 
of cylindric tokens that, if pressed, can record, store and play voice messages. This 
allows both flexibility and freedom in use through the house and in communicating 
secondary information. Families can play with color and brightness of the tokens’ 
integrated lights to convey visual information about the sender, intended receiver, or 
the nature or urgency of the message.

Design cases
We will now describe how we have explored tactfulness when designing interactive 
artifacts to support families dealing with childhood cancer as a disruptive life event. The 
work described here is part of an ongoing Research-through-Design (RtD) project in 
collaboration with the Princess Máxima Center for Pediatric Oncology of Utrecht in the 
Netherlands [21]. RtD is a research approach in which design activities are an inherent 
part of doing research [51]. In this project this entails developing prototypes based upon 
a concept or vision, which are then tested in the field to learn from it. To get acquainted 
with the sensitive setting under investigation, we first conducted an observation of a 
cancer survivors meeting [52] and interviewed medical professionals working in 
pediatric oncology. We identified two recurrent challenges encountered by children 
with cancer and families during treatment: The reduced amount of  quality time  [14] 
generated by the profound stress caused by the illness and treatment, and the inability 
to talk openly about one’s feelings, worries and hopes [53]. To address these challenges 
we developed two prototypes in consultation with psychologists, child-life specialists, 
and social workers of the participating pediatric oncology center. We will first explain 
the two prototypes (i.e., Mr.V and AscoltaMe) and then reflect on their tactful qualities.

Mr.V
Family life is based on shared routines and collective activities. In difficult times 
these should be preserved to give sense of continuity and motivation. Social activities 
often get hampered by the distress and the demotivation generated by the long cancer 
treatment. Mr.V aims at stimulating social activities that the family can engage in 
together (Figure 1). The  V  in Mr.V comes from the Dutch word  verrassing, which 
means  surprise. Mr.V is an interactive dispenser resembling a gumball vending 
machine that provides ideas for family activities instead of gum. The ideas are notes 
written by the family members and contain various activities that they would like to 
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do together. The notes are inserted into small plastic balls, which are stored in the 
machine. The ideas are then dispensed by the machine as surprises during the week, 
at unexpected moments. When Mr.V decides that it is time for a surprise, it will start 
shuffling the balls and making funny sounds to invite the family to check the surprise 
that is waiting for them. Family members can also receive a surprise on demand by 
pressing a button located on the backside of Mr.V.

FIGURE 1
Mr.V, an object that aims to stimulate social activities in the family
(a) Concept sketches
(b) Prototype
(c) Scenario of use
The sequence of actions is indicated in numerical order

Copyright Patrizia D’Olivo ©
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AscoltaMe
Sharing personal thoughts but also worries is important in order to maintain healthy 
connections among family members and reduce the burden of carrying something in 
mind. AscoltaMe (which means listen to me in Italian) encourages family members to 
talk about their feelings, worries, and hopes. It works like an alternative kind of walkie-
talkie offering the possibility to engage in conversations in a playful way (Figure 2). Its 
translucent body presents two elements: A microphone and a loudspeaker connected 
through a flexible silicone tube. The microphone captures messages that family 
members want to share and holds them into the tube. Voice messages are visualized 
as light, which begins to fill the tube. The light then lingers in the tube and pulsates, 
indicating that there is a message waiting to be listened to. A red button placed on one 
end of the object allows to record a message and a green button placed on the other 
end allows to listen to the message. When someone presses the button to listen to the 
message, the light flows through the tube towards the loudspeaker, after which the 
message is played. If the message has not been completely listened to, the light will flow 
back into the tube, indicating that the message is still available.

Tactful qualities
Tactfulness has been the leitmotif in the design of Mr.V and AscoltaMe as a mean to 
design these artifacts to be appropriate and sensitive. Although the notion of Tactful 
Objects had not fully crystallized yet at this stage, tactfulness was intuitively applied in 
crafting both artifacts.

We relied upon familiar childhood metaphors in the design of both objects to stimulate 
curiosity and wonder in children and parents and to provide familiar forms of 
interaction. For example, Mr.V resembling a gumball vending machine, which hints at 
childhood memories of surprises; while for AscoltaMe the metaphor of the  tin-can-
telephone indicates playful ways of communicating. The interaction with these objects 
was designed to follow the metaphor. For example, the use of Mr.V involved filling the 
small plastic balls with ideas written on notes, which would be dispensed automatically 
or by pushing a button. AscoltaMe involved speaking into one end of the phone  and 
listening to the other end of it, as if the message were conducted by the wire in between.

We designed the expressiveness of the objects to communicate their intent clearly but 
subtly. Mr.V shows that it will drop a surprise by shuffling the containers around, 
accompanying the event with light effects coming from within the machine. When 
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a surprise is dispensed, Mr.V makes a funny sound to signal to the family that their 
surprise is waiting. These effects were carefully orchestrated to be clear in their meaning 
and emotional tone, and to be noticeable without being disturbing. For AscoltaMe, voice 
messages are materialized as light. When speaking, the light begins to fill the tube and 
stops in the middle of the tube, where it lingers and pulsates. The temporal quality of 
the light effect was carefully designed to represent a voice message as an entity that flows 
elegantly from the recording side to the speaker-side; and being synchronized with the 
pressing of the recording or the listening button. AscoltaMe expresses that it wants to 
be listened to by the light being stuck within the tube, drawing attention in subtle ways.

FIGURE 2
AscoltaMe, an object that aims at stimulating communication between family members
(a) Concept sketches
(b) Prototype
(c) Scenario of use
The sequence of actions is indicated in numerical order
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We designed the embodiment of the objects to be appropriate in the family home setting 
considering their aesthetics and robustness. As such, both objects were designed as 
interactive tangible artifacts with eye for detail, use of color and use of materials. Mr.V 
was designed to be valued as a decorative object in the home. The iconic features of 
an existing gumball machine were modified and presented as human clothing. The 
front lever was designed as a bow-tie and the top opening to introduce the containers 
in the machine, as a hat. Its metal and glass materials felt sturdy and safe. AscoltaMe 
was designed as a mysterious yet familiar-looking object that we hoped could find its 
place in the home as an electronic toy. Its white translucent embodiment revealed the 
embedded ArduinoTM  technology in suggestive ways and allowed the light to shine 
through. Printed plastic shells with intricate patterns formed the case for the recorder 
and loudspeaker that were connected by a flexible silicone tube.

FIELD STUDY
An empirical study was conducted to understand how families dealing with 
childhood cancer experienced these interactive artifacts in their homes. The study was 
designed, approved and conducted in accordance with the regulations of the Medical 
Ethics Committee of the University Medical Center Utrecht in the Netherlands. In 
consultation with the pediatric oncology center, we decided to limit the prototype 
testing for each family to one week in order to avoid generating stressful and 
overwhelming experiences. We also decided to avoid making use of design research 
techniques that might be experienced as intrusive (e.g., videotaping the interviews, 
etc.), and proposed to conduct participant recruitment and fieldwork under medical 
professional supervision. Throughout this contribution the word we acknowledges the 
collaborative effort of all the authors and research assistants from both the design and 
the medical domains, in framing, conducting and discussing the research.

Participants
Eleven families with a child with cancer were approached to participate in this study. 
Inclusion criteria were: The child being in active treatment for cancer; not being 
hospitalized; between 6 and 16 years of age (10 to 16 years for Mr. V, and 6 to 10 years 
for AscoltaMe). Families received an information letter about the study. After one week, 
the families were contacted by telephone to ask whether they wanted to participate. Two 
families declined to participate in the study with Mr.V: Because the patient was almost at 
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the end of the treatment (n = 1) and because the family found the study too childish for 
their teenager to participate in (n = 1). One family declined to participate in the study 
with AscoltaMe because the parents did not feel the need of a new communication device 
at home (n = 1). In total, eight families (72.7%) were included and written consent was 
obtained from all family members (N = 33; nchildren = 8, nsiblings = 9, nparents = 16). Once enrolled, 
two families could not continue the study with AscoltaMe because the child’s physical 
condition worsened throughout the week (n = 2). Family demographic characteristics 
divided according to the artifact used are shown in Table 1.

TABLE 1
Participant descriptions (N = 33)
Mr.V Child (patient)

(n = 4)
Siblings
(n = 5)

Parents
(n = 8)

age gender
Kevin’s family 10 Male 3 2
John’s family 12 Male 0 2
Mary’s family 13 Female 1 2
Sammy’s family 14 Female 1 2
AscoltaMe Child (patient)

(n = 4)
Siblings
(n = 4)

Parents
(n = 8)

age gender
Rachel’s family 6 Female 2 2
Simon’s family a 10 Male 0 2
Monica’s family b 7 Female 1 2
Leon’s family 8 Male 1 2
Note. Names are fictional.
a Simon stopped, but shared data through the diary
b Monica stopped the study (no data)

Procedure
The study consisted of three phases. In the introduction phase, either Mr.V or AscoltaMe 
was presented to the families at their home or at the hospital. Instructions about the 
main functions of the artifacts were given, as well as a user manual and a diary (Figure 
3). Families were invited to try them out and ask questions, which took about 15-30 
minutes. Then during the use phase, families were asked to keep the artifacts in their 
homes for at least one week, and to take notes in a diary about their daily use. In 
the concluding evaluation phase, families were interviewed either at home or at the 
hospital and filled out a questionnaire. This last phase took about 60-75 minutes.
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FIGURE 3
Overview of the materials provided to the participants
(a) Mr.V with surprise-containers, power cable and user manual (a.1 notes papers and marker; 
a.2 plastic containers; a.3 diary; a.4 envelopes to collect used surprises, surprises suggested by 
Mr.V - see examples in Appendix 1 - and empty notes papers)
(b) AscoltaMe with power cable and user manual (b.1 diary; b.2 marker)
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Measures
Different types of measures were used. Families were given a  diary  (Figure 4) in 
which they could take notes of what happened each day when using the artifact 
(e.g., whether they used it, who used it and what happened). For the families using 
Mr.V, the diary included an extra page in which families could set rules for the family 
activities they could consider (e.g., rules concerning the location, duration, and 
costs of the activities) (see Appendix 2 for details). Secondly, families were invited 
to take pictures and/or videos when using the artifacts, and shared them with the 
researchers through an encrypted instant messaging chat on WhatsAppTM. Thirdly, a 
semi-structured interview was performed after the testing week, asking participants to 
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detail their experiences. We asked how/whether they felt the objects made an impact 
on family life, the ways in which they used and appreciated the objects, and how they 
perceived the objects to embed into their home context (see Appendix 3 for details). 
The interviews were organized as group interviews in which multiple family members 
participated together. In total, 18 family members were interviewed (N = 18; nchildren = 
6, nsiblings = 3, nparents = 9). Lastly, a questionnaire consisting of five statements to rate the 
artifacts on a scale from 1 (strongly disagree) to 10 (strongly agree) was presented (see 
Appendix 4 for details). In total, 24 family members filled out the questionnaires (N = 
24; nchildren = 6, nsiblings = 7, nparents = 11) We aimed to use this quantitative data to corroborate 
the results from the qualitative analysis. However, due to the limited contribution of 
these quantitative findings, we decided to exclude these measures from the analysis.

FIGURE 4
Diary structure
(a) 1 introduction-page with family’s name
(b) 1 rules-page vailable only for families using Mr.V
(c) Example of one of the 7 daily-pages with questions for the family
(d) Extra space for notes
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Data collection, processing and analysis
The data were collected by first and second authors and one assistant researcher 
(R.G.V.). The interviews were transcribed verbatim by two assistant researchers (M.R. 
and J.P.), anonymized by the first author and translated into English by a professional 
translation agency. The translated interviews were analyzed according to each 
interview question that addressed a different level of experience. The mapping on the 
wall technique [54] was used to organize the quotes in statements cards, cluster themes 
and subdivide the clusters in knowledge levels [55]. Collected pictures and videos were 
inserted in the statement cards as well as linked to an interpretation following the dual 
coding approach [56] (see Appendix 5 for examples). In total, 421 statements were 
collected. The statement cards were clustered following a thematic analysis approach in 
order to emphasize, examine, and record patterns within the data. The first author that 
conducted the field study and the interviews, and the last author, who wasn’t involved 
in the fieldwork, collaborated on the interpretation of the data. The second author, 
who co-conducted the fieldwork and interviews, cross-checked the interpretation of 
the findings and the clustering for validation.

RESULTS
We will report on the results of the data analysis by summarizing the themes that 
emerged according to the different questions (i.e., impact on family life, ways of using 
the objects, objects appreciation, and embedding of the objects in the home context). 
Participant quotes are presented in italic.

Impact on family life
When asked about the effect of the object on their everyday life, parents, siblings, and 
children described Mr.V as a reminder to engage in quality time, while both Mr.V and 
AscoltaMe provided them enjoyable and playful experiences with a sense of normality 
and relieve from the situation they were in.

Parents mentioned that Mr.V helped the, think about different activities to do, and felt 
like it acted as a co-parent that reminded them to engage in quality time with the whole 
family. John’s mother said that Mr.V invited to do things that we were not doing often: 
Things and activities that normally would come in second place due to the busy schedule 
of the hospital. Kevin mainly noticed that Mr.V had the advantage of simplifying the 



5

AscoltaMe and Mr.V

115   

planning of things that were normally postponed. Furthermore, both siblings in Kevin’s 
and Mary’s family mentioned how Mr.V strengthened their connection with their 
brother or sister, giving them the motivation to do things together. For instance, Kevin’s 
sister specified that she and her brother came up with a special surprise for their parents.

AscoltaMe was only used for a short period of time, with only one or two moments 
of active exploration. The usage was rather different than we expected in the concept 
design, and did not remind children to share thoughts and emotions to help parents 
and siblings understanding how they felt. Rachel’s mother mentioned that  no new 
content has been shared within the family and no references to the disease have been 
made. She also explained how, together with her partner, they played an active role 
in starting a conversation through AscoltaMe because the children would have not 
done that by themselves. Simon’s mother hoped that AscoltaMe would have helped to 
understand Simon better or share more personal things, but this did not happen.

However, both artifacts provided a distraction from the child’s illness. Families felt 
that Mr.V motivated them in a funny way and provided a new form of entertainment. 
Parents were relieved to see their children playing and engaging in the activities 
because, as John’s father mentioned:  When the child is sick but still manages to do 
the usual activities, the child looks healthy. Siblings mentioned that during treatment 
Mr.V brought great fun and motivation and something to look forward to; since their 
ill siblings were often really tired, Mr.V stimulated them to do something. The funny 
messages, jokes and social games triggered by AscoltaMe, even if only briefly, generated 
lighthearted moment for parents, children and siblings.

Ways of using the objects
When asked how they used Mr.V, families explained how they created and received 
surprises with Mr.V by writing notes, filling the plastic balls and opening them, and 
how they decided how and when to do the activities that were written down in the 
surprises. For AscoltaMe, families explained that its use entailed recording messages 
and listening to them. In general families described both artifacts as being easy to 
use but requiring some creativity, as in coming up with activities for Mr.V or which 
messages to record with AscoltaMe.

Families shared that they liked to create surprises with Mr.V because they experienced 
it as being a special family moment. In Kevin’s family all the surprises have been written 
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down in the same evening when the family was sitting together  and in John’s family 
they made all the surprises in one go at the beginning of the week. Generally, participants 
explained that every family member contributed to the surprises. However, at times 
they also found it challenging to come up with so many surprises because as John’s 
mother mentioned it was difficult to come up with new ideas. The surprises created by 
the families with Mr.V reflected their specific interests, capabilities and resources in the 
particular moment of the treatment (Figure 5) (see Appendix 6 for details). For example, 
in Kevin’s family, food choice and consumption was a major concern during treatment. 
We found that most of the surprises concerned food preparation and eating. Sammy, 
instead, had an active and sporty family and their surprises were mainly based on 
sport and outdoor activities such as playing tennis together or having a walk. Families 
also mentioned how the experience of receiving surprises generated nice moments 
that created excitement and expectations for the whole family, as Kevin’s father 
said: Receiving little presents makes always someone happy. Every family had a personal 
way of using Mr.V, showing freedom in choosing what to do and what not to. For 
instance, John’s father said that all the surprises have been dropped and opened, but not 
all of them were acted upon.

For AscoltaMe, Rachel’s mother reported that Rachel used AscoltaMe with her 
siblings to tell jokes and say funny things, or to make funny noises. She also explained 
that Rachel and her siblings were using AscoltaMe to make sound while playing a 
kind of hide and seek and used the device while hiding under a blanket or behind the 
couch. She further shared the observation that it was fun to play with AscoltaMe but the 
children did not share any emotional feelings. Moreover, the creation of and listening 
to the content was real-time rather than asynchronous and children did not leave any 
messages for the parents to listen to later. As Rachel’s mother mentioned: It was not a 
natural thing for them to do.

Objects appreciation
When asked how they understood and appreciated the objects, participants shared 
their impressions about the associations the objects elicited, how they behaved, and 
how they experienced different aspects and details of the artifacts’ embodiment.

The two artifacts were described in relation to the associations they elicited. Families 
used different ways to describe them, as  devices,  familiar artifacts  or in the case of 
Mr.V, as a kind of  character. For example, John’s father described Mr.V as a  smart 
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device  and as a complete system  in which each feature is designed to accommodate 
different functions but he also noticed its resemblance to a  gumball  or  peanuts 
machine.  Mary’s family considered Mr.V to be a character;  a member of the family 
who entertained them. AscoltaMe was described in similar ways. Rachel’s mother and 
Leon’s mother talked about AscoltaMe as a technical device. However, Rachel’s mother 
associated AscoltaMe with a walkie-talkie or a kind of phone, mentioning the old game 
of the tin-can-telephone. In contrast to Mr.V, nothing was mentioned about AscoltaMe 
resembling a kind of a character.

FIGURE 5
Impression of the collections of surprises
(a) Kevin’s family
(b) John’s family
(c) Mary’s family
(d) Sammy’s family
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Concerning the behavior of the artifacts, Kevin’s father noticed that Mr.V was following 
a schedule [that] is not predictable and that was funny and surprising. However, parents 
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and children also liked the button that they could press to receive a surprise on request. 
Mary’s mother said that it felt good to have the possibility to control the device through 
the button since sometimes a predictable schedule is reassuring. For AscoltaMe, parents 
felt mostly in control because the basic functions of the device were clear, and the 
interaction happened through recording and listening; something that was familiar 
to them. Rachel’s mother explained how she found it logical to press the red button to 
record a message and pressed the green button to listen to the message (Figure 6).

FIGURE 6
Rachel’s mother demonstrates how she used AscoltaMe
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When reflecting on their embodiment, Mary’s mother appreciated the vintage look of 
Mr.V and the details, and Kevin’s father describe it as well-crafted and precious. However, 
the sound that Mr.V made when a ball was dropped, felt disappointing to most 
of the families as it was described as being  too sad  in relation to its cheerful look. 
Parents further mentioned how important the robustness of the artifact was for 
them. Concerning Mr.V, Kevin’s father pointed out that the glass doesn’t feel safe and 
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Kevin himself mentioned that the small hard plastic containers looked fragile. The two 
mothers who interacted with AscoltaMe really liked the light effect and Rachel’s mother 
specified that also the children found the lights attractive but that its white translucent 
embodiment  looked unfinished. Furthermore, they were not that satisfied with the 
sound emitted by the artifact, which was described as being of low and poor quality 
by the mother of Simon. Leon’s mother mentioned that she felt hesitant to give it to 
the child to play at day care since was not looking resistant enough nor safe to be used 
and left outdoors.  Regarding AscoltaMe’s embodiment, Simon’s mother mentioned 
that the part that needs to be hold in [the] hands is quite heavy for smaller and/or weaker 
children, and even a little awkward.

Embedding of the objects in the home context
When asked about how the artifacts embedded into the home context, the participants’ 
comments highlighted three specific themes: The presence of the artifacts at home, the 
way the artifacts were shared and coordinated amongst family members, and ways in 
which the use of the objects blended in family routines.

Most parents mentioned that these artifacts nicely fitted into their homes. John’s 
parents mentioned that Mr.V felt like part of the house. Mr.V was usually placed in the 
living room or otherwise close to the kitchen (Figure 7a). Families explained that this 
was the ideal location, as it was a common room for everyone and a place where the 
sound of the device was easy to hear. Children particularly mentioned that in order to 
use Mr.V it was necessary to have a spot close to a power socket, which was not always 
a place that was most accessible for them. They also found it important to have Mr.V 
in an area in the house where they spend most of their time because it could suddenly 
attract their attention by producing sounds and displaying lights. AscoltaMe was often 
placed on the couch and mostly remained there. Rachel’s mother indicated that it was 
convenient because when you find AscoltaMe on the sofa and you sit down next to it, 
you will play with it. Leon’s mother explained that the child used it on the sofa (Figure 
7b) and in the kitchen; he would have liked to use it to communicate with his brother 
in different rooms, but the length of the cable did not allow for it.

Results showed that Mr.V and AscoltaMe encouraged collective activities that included 
the ill children, their siblings and parents. For Mr.V, family members were sitting 
down together to write the surprises and in John’s family even the neighbor added some 
surprises  (Figure 8). In Kevin’s family, the use of Mr.V was socially coordinated in 
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a specific way. The child was encouraged to open most of the surprises, and Kevin’s 
father admitted to have secretly opened the surprises and then put them back into the 
slot to let the Kevin open them later. AscoltaMe was used by children to play with their 
siblings or with one of the parents. In Leon’s family, mother and child used AscoltaMe 
together but Leon also tried to used it with his brother. For Rachel, AscoltaMe became 
integrated in games she played with her two older sisters.

FIGURE 7
Objects inside the families’ houses
(a) Mr.V in the living room of John’s family
(b) AscoltaMe on the couch with Leon
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FIGURE 8
Screenshots of the video shared by John’s family dealing with a funny challenge proposed by the 
neighbor through Mr.V: “Blowing a candle with the nose”
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Since the use of Mr.V was quite elaborate (i.e., requiring different steps such as 
creating, receiving, and doing activities), participants mentioned that its use required 
some planning in relation to hospital visits and other family routines. John’s family 
performed the activities provided by Mr.V randomly during the day whenever possible, 
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while for Mary’s family the  preferred time was afternoons between 3 and 5. John’s 
parents expressed disappointment about Mr.V because some surprises came out when 
John was not at home or he did not receive anything once back at home. Particularly, 
family stressed that they would have engaged with Mr.V much more if it could have 
been used according to their own schedule. For AscoltaMe, parents noted that the 
children and their siblings used the device mainly during the weekend when they were 
all together or during the week in the afternoon when they were back from school.

DISCUSSION
In this section we will discuss how the results of the field work have helped us to 
articulate the qualities of Tactful Objects and account for what we have learned can 
hinder their tactfulness. We will continue by discussing the contribution of Tactful 
Objects to research in the healthcare field and other sensitive settings.

Articulating tactful objects
Based on the results of the fieldwork Tactful Objects are articulated as objects that 
establish  partnerships  and  collaborations  with people that are  inviting  and that 
are appropriate for the settings in which they are embedded. This articulation will be 
unpacked in more detail below in relation to the empirical findings.

We consider Tactful Objects to make an impact by establishing partnerships that are 
empowering by providing support in ways that leverage people’s intrinsic motivations 
and that channels their strengths and capabilities. For example, Mr.V can be described 
as encouraging partnership in families by reminding them to do things together, by 
having a sustained presence in the home, and by simplifying planning by suggesting 
surprise activities to do proactively. At the same time Mr.V created a sense of normality 
by bringing fun and excitement to the family and distracting them from the severity of 
the situation. AscoltaMe was found to provide new forms of short-term play, although 
without being able to encourage family members to talk about their feelings, worries 
and hopes. By reflecting on these results we came to the conclusion that AscoltaMe 
could not realize a partnership to the extent that Mr.V did. This could have been 
caused by two reasons. First, AscoltaMe might have felt patronizing, as it suggests 
that families have a problem communicating that AscoltaMe must solve. The lack of 
interest of families to participate in a study with AscoltaMe might substantiate this 
claim. Second, for the families who did use AscoltaMe, the playful conversations it 
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afforded did not lead to talking about emotionally difficult topics, which might signify 
a problem in the underlying design goal and strategy.

We further envision Tactful Objects to establish partnerships through collaboration. We 
observed how interactions that struck a balance between steering users toward desired 
forms of behavior, yet allowing them  freedom, were considered to be empowering. 
For example, Mr.V proactively dropped a ball containing a surprising activity at an 
unexpected moment during the day, yet Mr.V did not specify what these activities were, 
or exactly when or how to carry them out. This was up to the families themselves to 
decide based on their own needs and circumstances. The interaction with AscoltaMe 
seemed to be less of a collaboration. AscoltaMe is designed to trigger conversations by 
translating voice messages into light, and by having the light lingering and pulsating in 
the tube. Family members could decide what messages to record and when to listen to 
them (i.e., similar to Mr.V concerning what activities to do and when to do it). However, 
this pulsating light effect might not have been dominant or outspoken enough to 
trigger conversation. None of the participants addressed (or perhaps even perceived) 
this communicative quality of AscoltaMe, demonstrating that the pulsating light-signal 
might have been too subtle for AscoltaMe to play an active role in a collaboration.

We understood that Tactful Objects should be inviting to use. People’s willingness to use 
an object can be considered a prerequisite for Tactful Objects to become empowering. 
When objects are not inviting it becomes nearly impossible to achieve any kind of 
change since prolonged engagements will be difficult to establish. For example, the 
gumball machine embodiment chosen for Mr.V generated pleasant memories in 
parents and raised curiosity in children. Additionally, the human-like characteristics 
of Mr.V expressed by its anthropomorphic cues led to the perception of the object 
as being a kind of character that meaningfully unified its pro-active behavior with 
its purpose, and strengthened the perception of being a  co-parent. This underlying 
metaphor both provided enjoyment and helped people to understand its function and 
use. Similarly, this happened with AscoltaMe that embodied the metaphor of the tin-
can-telephone. However, AscoltaMe was too large to hold for young children and the 
plastic it was made of felt too fragile. This made people less willing to use it, as it might 
not have withstood interactions with children in the home context.

Lastly, Tactful Objects need to be appropriate for the setting in which they are embedded 
and the circumstances in which they are used. Families were sensitive about where objects 
lived in their homes. For example, Mr.V was placed in the living room for everybody to 
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see, hear, and use. AscoltaMe was mainly placed on the couch in the living room due to 
the personal conversations it aimed to stimulate. We noticed how the use of the objects 
was socially coordinated and how the appropriateness of the objects depended upon 
the extent to which they fostered inclusivity. Mr.V was used by all family members, and 
although AscoltaMe was designed for two people, it also triggered social play. Families 
also talked about the particular moments in which they used the objects based on their 
schedules and availabilities, and mentioned feeling annoyed when objects decided to act 
at inappropriate moments (e.g., Mr.V dropping balls when nobody was at home) .

In the RtD approach that we have followed, tactfulness was intuitively explored in 
crafting Mr.V and AscoltaMe. Thus, we can ask how the results of the field study 
informed these tacit understandings of tactfulness. The use of  familiar childhood 
metaphors in the design of the objects worked out well for this particularly sensitive 
setting. The metaphor was perceived in both Mr.V and AscoltaMe (i.e., gumball 
vending machine and tin-can-telephone, respectively) and triggered the associations 
and feelings that we had anticipated. The  expressiveness  of both objects that we 
designed to be both clear and subtle led to different observations. For AscoltaMe, we 
noticed how the translation of a voice message into light might have been difficult to 
grasp conceptually (i.e., lack of clarity) and not have enough provocative power to 
trigger families to have conversations over time (i.e., being too subtle). We noticed 
how the embodiment of the objects had an impact on their perceived appropriateness 
and invitingness. The aesthetics and robustness of the objects was designed with the 
home context in mind. Though it worked well as a decorative object, parents noticed 
how the glass and metal frame of Mr.V felt unsafe to be used by children. AscoltaMe 
was ambiguous; the poetic and aesthetic approach of the electronics with plastics was 
considered less fit to be used as a toy and looked unfished as a decorative object.

Summarizing, Tactful Objects are articulated as objects that enable 
people to act with respect for their vulnerabilities and circumstances by 
establishing partnerships and collaborations that are inviting and that are appropriate for 
the setting in which they are embedded. An integral design approach is required to 
design Tactful Objects, as these qualities are interdependent. Empowering people in 
sensitive settings thus require a design strategy that is participatory in the sense that 
people are given a voice and allowed freedom to act (as individuals and as collectives); 
while at the same time providing people support that is not experienced as patronizing. 
When Tactful Objects reflect this participatory approach through their appearance, 
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form and interactivity, we believe these objects can tactfully mediate behaviors and 
activities within specific contexts of use.

The contribution of tactful objects
Tactful Objects could be an interesting point of departure to design interventions to 
support engagement and coping for families in this specific healthcare domain [32,57]. 
Research in psychosocial and developmental domain for cancer care can look at this 
exploration as a way to understand how meaningfully make use of those objects 
by implementing them in standard interventions to support coping, resilience and 
family cohesion. Professionals can also think to use Tactful Objects to help families 
in the hospital or at home, to plan playful assignments that feel less stigmatizing 
or therapeutic, to indirectly assess the patients or involve neglected siblings [58]. 
Furthermore, as observed for the Cellie Cancer Coping kit [6], which was also tested 
later with sickle-cell disease patients [59], Tactful Objects could be proposed to patients 
and families dealing with other kind of illnesses. For instance, Tactful Objects could 
offer support to users dealing with illnesses that require stressful medical procedures 
and where the patients should be reassured and distracted [7,33,60]. Furthermore, 
Tactful Objects could be proposed during medical treatment to engage adolescents, 
that are considered to be difficult target users [61] as compared to children or adults.

Tactful Objects highlighted features that can potentially support other groups of 
users in crisis. Uncertainty, emotional distress, and loss of family cohesion can also 
be observed during other disruptive life events, such as death, divorce, relocation, 
etc. [1,19,62]. This means that we could consider tactfulness and Tactful Objects 
for a broader spectrum of application in sensitive settings. For sensitive settings it is 
mandatory to ensure an empathetic approach [63], to address people’s and researcher’s 
vulnerabilities [20,64] and to carefully manage the impact of any form of intervention 
[65]. Within the framing of Tactful Objects that we developed in this contribution, we 
arrived at an articulation of Tactful Objects as an outline or an initial design approach 
that takes these considerations into account. We continue the discussion by reflecting 
on the qualities of Tactful Objects that we have articulated in the context of childhood 
cancer and how they can be generalized to other kinds of sensitive settings.

Embody an appropriate metaphor in a Tactful Object helps in trigger users’ interest 
and motivation in interacting and using something that has been designed to empower 
them [41,66]. The familiar childhood metaphors of the gumball vending machine and 
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the tin-can-telephone led to the design of particular kinds of objects that could mediate 
beneficial activities (i.e., engaging in social activities and fostering interpersonal 
communication) in a way that appealed to curiosity and wonder, and that could 
intrinsically motivate. Hence, we propose that choosing an appropriate metaphor for 
Tactful Objects for any sensitive setting must be done consistently with the specific 
aspects of the context, the users involved, and the kind of support required. This appeals 
to adopting a practice perspective that meaningfully connect objects and activities as 
continuously evolving and determined by culture [39,67,68]; and to the understanding 
of how metaphors can trigger emotional values by embodying personally significant 
associations [15].

We also noticed how enabling collaborations with Tactful Objects involved carefully 
balancing the behavior of the object in alignment to the support that is required. 
For example, the objects that we designed could gently nudge or trigger families to 
act while the families themselves had the freedom to decide when and how to act in 
response to the objects’ behavior. Thus, the interplay between humans and objects 
can be described to involve freedoms and efforts. These  freedoms and efforts can be 
composed (and balanced) differently for the type of support that is required [69] 
and result into different behavior change strategies [70]. For instance, a design like 
the Connected Stones [71] facilitates a strategy for the elderly to help them remember 
activities that involve the use of multiple objects. This particular design can help them 
remember to take the keys, wallet, and scarf when going out for groceries on a cold 
day. The series of stones glow in a sequence; once the first pebble positioned close to 
an object (e.g., the keys) is turned off by shaking it, the second stone that is placed next 
to another object (e.g., the wallet) starts to glow, and so on. The concept is inspired 
by the idea of leaving a trail with crumbs around the house. The connected stones 
afford people freedom in how they can use them because a person can choose which 
kind of objects the pebbles connect to. The pebbles do not impose much effort in 
providing direction, specifying actions, or enforcing a particular kind of behavior, 
but rather provide gentle suggestions by glowing. Diem, instead, is a design example 
that illustrates how these freedoms and efforts might be balanced differently and can 
change over time. Diem is a bedside lamp that lulls the person into sleep by dimming 
the light as the evening progresses [72]. A person is allowed to increase the brightness 
of the lamp (i.e., allowing freedom in action) but this will require more physical effort 
in doing so, the later at night it gets. The longer sleeping time is postponed, the more 
assertive the lamp becomes in its demands. These examples, show how we might 
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approach collaborations with Tactful Objects as ongoing negotiations that requires an 
understanding of how people may respond to, follow, or wish to overrule the behavior 
of an object, thus balancing freedoms and efforts in different ways.

Finally, we would like to discuss how designing Tactful Objects requires a deep 
understanding of the context in its particularities and the sensitivities at play. In 
designing for families with children with cancer, the invitingness and appropriateness 
of the designs related to how well the design embedded in the home context; which 
required understanding the needs of the family members, their everyday routines 
and characteristics of the setting. This leads to the question of whether we should 
consider Tactful Objects as being bespoke designs. The work conducted by Kirk and 
colleagues with the series of Ritual Machines [44,49] shows how it is relevant for a 
design’s embodiment and behavior to be built “with encoded elements of the family 
character and values within” so that the objects could fit into the family everyday lives 
and appeal to what matters most to its members. Similarly the field study with the 
Family Circles system shows how a particular design intervention aiming to support 
intra-family communication should fit with families’ own idiosyncratic ways of 
communicating, and that it should be clear the benefits that it brings to the family 
compared to their existing ways of communicating [46]. In this regard, AscoltaMe 
embedded an interesting childhood metaphor, but it did not allow for an idiosyncratic 
appropriation and did not fulfill the needs of the parents in understanding their 
children’s feelings. A one-size-fits all approach does not align well with the approach 
of designing Tactful Objects, but it does require careful consideration about how these 
objects could function and appeal to different people in similar circumstances. This 
could be achieved through ethnographic work combined with in-situ prototyping [73] 
to understand how Tactful Objects perform within particularly sensitive settings.

Limitations and future work
Our findings have been constrained by people’s recollections of their behavior. Using 
only participants’ recollections might determine the loss of some detail and aspects 
of the experience [74]. We noticed how the participants were hesitant to prompt us 
regularly during the study on a day to day basis by writing notes in the diary and 
taking photographs while using the objects. Our participants perceived filling out the 
diary to be an additional task, and most of them felt uneasy about sharing personal 
pictures and videos due to privacy issues. Scholars have pointed out that reporting or 



5

AscoltaMe and Mr.V

127   

collecting ethnographic data through diaries and pictures is not always ideal [48,75]. 
Therefore, in future studies we should think about ways in which we can obtain insights 
without burdening participants in their difficult circumstances. For example, we might 
consider experience-sampling techniques that are fun and easy to use for children and 
adults [76], or by allowing the objects themselves to collect use information in real-
time [77,78] in an ethical and transparent manner [47].

The results were also influenced by the two prototypes that we developed. For 
AscoltaMe, the use of standard ArduinoTM based electronic components didn’t allow 
it to be as light and small as we intended. This negatively affected its embodiment, 
especially for small children, because it was too large to hold and too heavy to play 
with. Applied mechatronics and computation sometimes negatively influenced Mr.V. 
From time to time a ball got stuck in the machine, requiring human intervention to 
free it up. Exploring the tactful behavior of objects in daily life requires the use of 
prototypes with an even higher level of engineering sophistication. Future work should 
focus on reaching this level of robustness in form of research products, which Odom 
and colleagues [79] describe as products used in longitudinal research carefully fine-
tuned on their appearance, behavior and interactivity before actually being deployed 
in the field.

We acknowledge that the one-week deployment of the prototypes in families’ homes 
limits any generalizations about the long-term embedding of Tactful Objects. To 
measure the long-term impacts of the intervention on well-being and quality of life of 
the families involved, longitudinal approaches are warranted [80]. However, due to the 
sensitive context and the necessity to be granted permission from a Medical Ethical 
Committee to recruit participants undergoing treatment, we encountered limitations 
that we had to respect. Still, our results report more than an initial excitement from the 
families about the objects that were deployed and could pass beyond the trajectory of 
novelty [47]. For example, we observed how people’s impressions of the artifacts were 
constructed after multiple use-episodes, and how people coordinated their use within 
the complex daily schedules of the family. Despite these limitations, we think that 
our study allowed us to investigate Tactful Objects intended for a vulnerable group of 
people who are often difficult to engage and approach [20,48].

The articulation of Tactful Objects presented in this study could be used further as 
a design framework by engaging in new design activities that take this articulation 
as a starting point. For instance, researchers could create new prototypes that could 
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serve as physical hypotheses about tactfulness (informing their embodiment and 
expressive capabilities), and that could be assessed on their empowering qualities over 
a longer period of time. The Tactful Objects perspective could open up a new design 
space to imagine and create intelligent objects that express intent with sensitivity and 
tact. Future Tactful Objects could be designed as tactful data-enabled agents [73,81] 
capable to sense people’s needs and vulnerabilities [20,48], and to mediate complex 
interactions among group of users in sensitive settings [44,46]. Therefore, our next 
step will look into expanding the sensing capabilities of Tactful Objects. This will 
allow us to understand how they might attune to and adapt to the needs of people 
and demands of the situation in a semi-autonomous fashion. We look forward to 
expanding our understanding of Tactful Objects, as this will ultimately help designers 
in creating interactive artifacts that are sensitive, supportive, and respectful for people 
in challenging life circumstances.

Conclusion
In this paper we have introduced Tactful Objects as a design perspective on interactive 
artifacts that empower people in sensitive settings. We have explained how childhood 
cancer is a disruptive life event that affects the children and their families as a whole by 
causing uncertainty, emotional distress, and break-up their family routines, and which 
becomes a sensitive setting to design for. We have presented two interactive artifacts 
that were designed to empower families dealing with childhood cancer in tactful ways. 
The first, Mr.V, is an interactive dispenser to stimulate social activities in the family. 
The second, AscoltaMe, is a kind of walkie-talkie to enhance communication between 
family members. We evaluated these two interactive artifacts during a one-week field 
study with eight families in treatment for childhood cancer. The results provided 
insights into how families experienced these artifacts concerning their impact, use, 
appreciation and embedding in the context of the home. Based on these findings we 
conclude that Tactful Objects enable people to act with respect for their vulnerabilities 
and circumstances by establishing partnerships and collaborations that are inviting 
and that are appropriate for the setting in which they are embedded. We have then 
reflected on the possible contribution of Tactful Objects for research in healthcare and 
for design in other sensitive settings.
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APPENDIX 1
Examples of surprises provided to the families testing Mr.V to facilitate the ideation of the 
activities
Example activities
Time to relax? Shall we play a video game together? ... let’s see who will win!!!
Let’s watch a cartoon together on the couch.
Home sweet home! When is time for the meal ... shall we sit at the table together and have a 
nice chat about what we did today? 
Shall we eat an ice cream ?
What is the menu today? Let’s prepare something together!
How’s the weather today? Shall we go for a walk outside or watch a nice movie together in the 
living room?
Who is the best painter in the family? Let’s draw something together and give it as a gift to the 
person we want to make happy!
Let’s plan something relaxing for next weekend!
It’s always time for tea! ... or maybe cookies? Let’s take a break together!
Shall we bake something today? Pizza or cake?
Give each other a compliment!
Is the hug-day! To whom would you give the first hug?
Let’s dance!!!
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APPENDIX 3
Example semi-structured interview quotes for Mr.V
Mr.V
Sections 
(N = 5)

List questions (N = 56)
Main questions (n = 7)
Sub-questions (n = 31)
Related questions (n = 18)

Usage 1. What was it like to have Mr. V at home for a week? (Initial reaction / 
warming up)

• Was it fun?
• Did everyone use it?

 - Did everyone add a surprise in Mr.V?
 - Did everyone collected and opened a surprise from Mr. V?

• Who used Mr. V the most?
 - Who put most of the surprises in Mr. V?
 - Who collected and opened most of the surprises from Mr. V?

2. Would you like to describe one of the times you have used Mr.V ?
• Who took the surprises?

 - Who took the initiative?
 - Who participated?

• When was this? (In the morning, after school, in the evening)
• Location: Where did you use Mr.V in the house and where did you 

read the surprises?
• What was the content of the surprises?

 - What did you do with the surprises? What happened?
 - How long have you been busy with the surprises?

• Was it fun? What did you think about it?
 - What did you do with the surprises? What happened?

3. How did you used Mr.V?
In practice

• Where was Mr.V positioned in your house?
 - Why there?
 - Did Mr.V ever moved from that position?

• How much did you used Mr.V?
 - How many surprises (approximately) did you add in Mr.V? 
 - (One person every day, or each day a different person?)
 - How many surprises were delivered (approximately) by Mr. V? 
 - (One, two, three every day?)
 - Did you use the button of Mr.V to get more surprises?
 - Did you opened/executed all the surprises from Mr.V? How many 

you didn’t?
 - Were the surprises opened quickly (or did the containers pile up 

during the week)?
• When and with whom did you open the surprises from Mr.V? 

(Time of day, together or alone?)
• About how long have you been busy with the surprises from Mr.V? 

(Per surprise / per day?)
Content

• What kind of surprises did you add in Mr.V?
 - What kind of surprises did you prefer to repeatedly put into the 

containers?
 - What kind of surprises did you put in the containers only once?

• Did the kind of surprises you put in the containers change during the week?
• Were the surprises related to illness or not?
• Did you do something because of Mr.V which normally you wouldn’t do? 

(Examples?)
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4. What did you think of the product itself?
Did you understand how to use it? Was it easy to use?

• Was it unclear/difficult? Were there any problems? 
(Did you need to call/text the researchers to ask for help?)

• Was the material resistant?
• Were there enough containers?
• Was it attractive? What about the shape, color, sound, weight?
• Is it suitable for all ages? Or too difficult? Or too childish?

Evaluation/ 
rating

5. Did you notice something different this week because you used Mr.V?
 (Has Mr.V added anything to the atmosphere or activities in the house?)

• Have you done different or new things?
• Have you done more things together?
• Which is your greatest memory?

6. How would you rate Mr.V?
• Would you like to keep Mr.V another week at home? Why or why not?
• Do you think it is a good product? Do you see added value in it?
• Would you recommend Mr.V to other families?
• Would you consider it a good product for the home? Or would it also 

be something ideal to be used for example in the hospital with nurses 
or child life professionals?

Improvements 7. Do you have any improvements or good ideas to ameliorate Mr.V?
• Is there something you missed about the product?
• Is there anything that you think it would make it even more fun?

Other comments …

Example semi-structured interview quotes for Mr.V (Continued)
Mr.V
Sections 
(N = 5)

List questions (N = 56)
Main questions (n = 7)
Sub-questions (n = 31)
Related questions (n = 18)
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APPENDIX 4
Evaluation questionnaires
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APPENDIX 5
Example of the statement cards generated during the analysis according to the typology of data
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APPENDIX 6
List of surprises collected in each of the four families testing Mr.V
Family (N = 4) List of surprises 

(N = 88)
Surprises
per family

Kevin’s family Choose a game and play together;
Watch together a family movie and eat chips/snacks;
Bake cookies;
Let’s do a BBQ together;
Organize a high tea;
Let’s go to watch the Pandas in Rhenen;
Mom and dad will receive breakfast in bed thus they don’t have 
to make it for us;
Bake brownies;
Let’s have a day together in the wood;
Have a cozy lunch/dinner somewhere;
Eat a home-made pizza;
Watch together a movie on TV;
Have a cozy day out;
Have a coffee/tea with some tasty snacks;
Bake puff pastry sausages;

(n = 15)

John’s family Don’t eat at the dining table but in front of the TV;
Hang a piece of cloth in the garden and throw paint on it;
Blow a candle with your nose;
Take another ball;
Do a funny dance;
Imitate someone;
Say the alphabet inverted;
Hug a tree and make a photo;
Make a portrait of your neighbor;
Stay one minute on one leg;
Sing a song;
Do a dance;
Make a drawing all together;
Give each other a compliment;
Eat a slice of bread spread with Nutella without using your 
hands;
Give each other a hug;
Make funny faces for 2 minutes;
Make a cup of tea;
Bake a super tasty pie;
Make sure that mom and dad laugh;
Walk or cycle for at least 30 minutes;
Take a picture of the garden;
Take a picture of yourself licking your big toe and send it to five 
different people;

(n = 23)
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Family (N = 4) List of surprises 
(N = 88)

Surprises
per family

Mary’s family Call grandma and greet her;
What are we going to eat tonight for dessert?;
Today I treat! (Mom);
I will read a story to Mary tonight (Mom);
Let’s buy the tickets for the parade!;
Make a smoothie and drink it together;
Look together at the photo album from 2012;
Go and eat an ice-cream at Jacco;
Give 1 liter of water to the banana plant;
Give a kiss to your dad!;
Go outside hand in hand with someone else, walk with your eyes 
close ...which bird do you heard?;
Fancy go to the swimming pool?;
Pump the wheels of the bikes;
Go and collect the little beans in the garden;
Eat an ice cream at Jacco as dessert (Mary);
Have a walk in Goudplevier;
I love you !;
Walk with me to the garden and look at the grapes and 
vegetables;
Let’s look together at the photos from Peru’;
Give a kiss to mom;
Say good morning to the neighbor;
Sing together two tunes from ‘Vader Jacob’;
Call your aunt and say hello;

(n = 23)

Sammy’s 
family

Go to the zoo if it is nice weather;
Sammy’s sister buys a small present for Sammy (under 5 euros);
Mom buys a small present for dad (under 5 euros);
Sammy’s sister cooks tonight;
Bake a pie;
Startle someone;
Watch a movie;
Look at old pictures;
Eat an ice cream;
Make a face-mask;
Choose a bag of candies/cookies from the store;
Play together with the Wii;
Have a walk;
Dad buys a small present for mom (under 5 euros);
Sammy buys a small present for her sister (under 5 euros);
Get 20 McChickens from the McDonald;
Sammy cooks tonight;
Let’s go and do the grocery by bike;
Play tennis with your sister;
Play tennis all together;
Give a treat to the pet;
Play a game;
Bake cupcakes;
Go out to eat pizza tonight;
Go downtown;
Let’s eat together out. Sammy’s sister and Sammy will pay;
Play tennis with your sister;

(n = 27)

List of surprises collected in each of the four families testing Mr.V (Continued)
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ABSTRACT
Purpose 
It is important to support families in dealing with the distress that comes along with 
the diagnosis and treatment of childhood cancer. Therefore, we developed a playful 
tool that families can use at home to support their family functioning and safeguard 
their normal family life. We pilot-tested this new tool called Mr.V, and describe how 
families used and evaluated the tool, and how it could be further improved.

Methods
Mr.V is an interactive dispenser that looks like a spaceman and proposes family 
activities. These activities are suggested by family members themselves and dispensed 
by the machine at unexpected moments. Mr.V produced data on how it was used, and 
a questionnaire and a semi-structured interview were used to evaluate the experiences 
of families and the potential of this tool. 

Results 
Ten families with a child with cancer between 5 and 9 years old (Mage = 6.7 years) who 
were in active treatment (mixed diagnoses) participated (n = 47; npatients = 10, nsiblings = 
9, nparents = 16). All families used Mr.V for multiple days, and were very satisfied with 
the tool regarding its acceptability, feasibility and potential effectiveness. They also had 
suggestions on how the tool could be further improved.

Conclusions 
Mr.V is an acceptable and feasible tool that can be implemented by families 
independently at home, regardless of their level of need for support. Mr.V promoted 
family activities, and therefore has the potential to support family functioning and 
normal family life at home. Future research should further investigate the effectiveness 
of this tool.
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INTRODUCTION
In the Netherlands, about 650 children are diagnosed with cancer every year [1]. This 
diagnosis and the often lengthy, demanding treatments have a significant impact on 
the child, as well as the whole family [2]. The shock of a cancer diagnosis, and the 
burden of treatment and daily caretaking have an impact on family functioning [3-
6]. Among the consequences of this impact on the child and the family is a loss of 
normality [7]. Everyday routines change, family relationships are challenged, and 
social activities get hampered by the distress that comes along with the disease and its 
treatment. Therefore, it is important to support families in dealing with this distress, 
and to safeguard their normal everyday family life. 

The Pediatric Psychosocial Preventative Health Model (PPPHM) is a biopsychosocial 
framework that can be used in assessment and treatment of families of children in 
pediatric health care settings [8]. According to the PPPHM, all families that are affected 
by childhood cancer experience some level of distress, and should therefore have 
access to a certain level of support. This universal support should have a preventative 
goal and incorporate general interventions or services to assist families [8].

In the Netherlands, various preventative sources of support are available at the hospital 
for families throughout the treatment of the child. As part of standard care [9], child life 
specialists are available to prepare and support children during medical procedures to 
prevent medical traumatic stress. Also, social workers are available to support parents 
emotionally and help them continuing their family life and overcoming practical 
issues. If needed, a team of psychologists is available to provide specialized additional 
psychosocial care. However, there are limited general preventative interventions or 
services available to provide all family members with support at home. 

An important way of supporting family functioning at home, and maintaining a 
normal family life, is by supporting family activities or promoting family quality time. 
According to the Core and Balance Model of Family Leisure Functioning [10], core 
family leisure includes experiences that are typically home-based, relatively accessible, 
low-cost, and common. Such activities often require minimal planning and resources, 
can be spontaneous and informal, and provide a safe, consistent, and typically positive 
context in which family relationships tend to be enriched and feelings of family 
closeness increased. Therefore, play is an appropriate way to provide family centered 
care [11].
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A tool that was developed to support families with a child with cancer at home using a 
playful-approach, is the Cellie Cancer Coping Kit [12]. The Cellie Cancer Coping Kit is 
designed to promote coping and decrease distress in children undergoing cancer treatment, 
and encourages parents and children to use the tool together. However, the focus of the tool 
is on the child and not the whole family, and also relies on psycho-education.

To address these gaps in family-centered and home-based supportive care for families 
with a child with cancer, we developed a playful tool that stimulates family activities. 
This tool was created in collaboration with design researchers and called Mr.V 
(short for “Mr. Verrassing”, which translates to “Mr. Surprise” in English). Mr.V is an 
interactive dispenser that looks like a spaceman and proposes family activities. These 
activities are suggested by family members themselves and dispensed by the machine 
at unexpected moments (i.e., as a surprise). The aim of Mr.V is to help families engage 
in behavior that supports their family functioning and normal family life at home.

The purpose of this pilot study was to describe the experiences of families with this new 
tool, and to evaluate its potential to support families with a child with cancer during 
treatment at home. Specifically, our research questions were: (1) How do families with 
a child with cancer use Mr.V with regard to time and frequency of use? (2) How do 
families evaluate Mr.V in terms of acceptability, feasibility (ease of use) and potential 
effectiveness? (3) How do families think Mr.V can be improved?

METHODS
Description of the prototype of Mr.V: A vending machine
We first developed a prototype of Mr.V (Figure 1). This prototype resembled a gumball 
vending machine, but dispending surprises instead of gumballs. The surprises were 
notes written by family members, ranging from activities they would like to do 
together, to compliments and jokes. The notes were inserted into small plastic balls and 
stored in the machine. These plastic balls with notes were dispensed by the machine at 
unexpected moments during the week. Family members could also request a surprise 
on demand by pressing a button located at the backside of Mr.V. Before dropping a 
surprise, Mr.V shuffled the balls and made sound effects.

The prototype of Mr.V was pre-piloted by four families with a child with cancer to 
evaluate its functionality, and whether families were open to use it and positive about 
the concept. Families received some example surprises, and a diary to keep track of their 
use of the machine. The detailed results of this study can be found in D’Olivo et al. [13].
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FIGURE 1
Prototype and final version of Mr.V

Prototype version of Mr.V

Final version of Mr.V

Copyright Patrizia D’Olivo ©
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Description of the final Mr.V: A spaceman 
Based on the results of this pilot study, changes were made to the prototype creating 
Mr.V the Spaceman (Figure 2). Adaptations consisted of a new spaceman look and 
new features, such as a build-in pen, a build-in drawer, a little booklet, a time knob, 
and the possibility to collect data on how it is used. Also the sound effects, lights, and 
button to request surprises on demand were modified.

The antenna on the head of the spaceman was a detachable pen that could be used to 
write the notes for the surprises. A drawer at the bottom of the machine was added 
to store the plastic balls when empty, together with a booklet. The booklet contained 
information about the study, a page where families could establish rules regarding the 
surprises (i.e., kind of surprises and possible costs of surprises) and colored removable 
paper stripes to write the notes on. Four different colors were available so that families 
could make distinctions in the surprises. Colors could for example represent a family 
member the surprise was from or for, or a type of surprise (i.e., for good or bad days, 
or for indoors or outdoors). The oxygen hose of the spaceman served as the opening to 
add the filled plastic balls to the machine. Mr.V was also equipped with an electricity 
plug, an instruction manual, and a one-page letter about how Mr.V came from space 
to stay with the family and provide surprises. 

To anticipate the surprise dropping moment, the lights in the helmet of Mr.V start to 
twinkle, and the balls (visible through the helmet) start to shuffle, followed by a sound 
effect. The button to request a surprise on demand was redesigned as an emergency 
switch on the side of Mr.V. A time knob was added, with which families could set a 
preferred time range for obtaining the surprises: Either in the morning, afternoon or 
evening. During the night, Mr.V turned off automatically, to avoid children getting up 
at night to check for surprises. Different kinds of sound effects were linked to the time 
knob, and when Mr.V was turning off and on.

Participants
Families were recruited via an information letter handed out by their pediatric 
oncologist or child life specialist. After one week, the families were contacted by 
telephone by one of the researchers to ask whether they wanted to participate. Inclusion 
criteria were families with a child who was: (1) In active treatment for cancer, (2) not 
hospitalized, (3) between 4 and 12 years of age, and (4) spoke Dutch sufficiently. 
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Procedure
Two copies of Mr.V were available, and the study consisted of three phases. In the 
introduction phase, Mr.V was presented to the families either at their home or at the 
hospital. Instructions about the main functions of Mr.V were given, as well as the user 
manual and booklet. Families were invited to try out Mr.V and to ask questions (±15 
minutes). Next, during the usage phase, families were asked to use Mr.V for at least one 
week at their homes. In the concluding evaluation phase, families were interviewed 
either at home or at the hospital and filled-out an evaluation questionnaire (±60 
minutes). The study was conducted with permission of the Medical Ethics Committee 
of the University Medical Center Utrecht in the Netherlands and in accordance with 
their regulations.

Measures
Machine data

To gain insight into how families used Mr.V, it registered: How many days it was 
used, how many balls were added to it and when, how many surprises were dropped 
automatically and at what time of the day, how many times families used the button, 
time knob or unplugged Mr.V. Separately, the researchers counted the number of days 
the families had Mr.V at home, and how many notes were made (i.e., how many paper 
stripes were taken out of the booklet).

Questionnaire

The evaluation questionnaire consisted of statements about Mr.V’s feasibly (ease 
of use; 5 items), acceptability (4 items) and potential effectiveness (4 items). All 
statements were rated on a 5-point Likert-scale ranging from (1) Strongly disagree 
to (5) Strongly agree. Examples of the statements were “Mr.V is easy to use”, “Mr.V 
provides the surprises in a positive way”, and “Mr.V helped to do more things together”. 
The questionnaire was filled out by all family members who used Mr.V (±10 minutes). 

Interview

Semi-structured group interviews, in which all family members participated together, 
were performed and recorded to evaluate the experiences of families with Mr.V and 
to discuss possible improvements (±30 minutes). The interviewer tried as much as 
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possible to obtain answers from all family members, including younger siblings. 
Example questions were “Who made the surprises”, “Did you encounter any difficulties 
(if so, what difficulties)”, “Do you think Mr.V was valuable for your family during 
times of treatment (if so, how exactly)” and “Would you recommend Mr.V to other 
families with a sick child (if so, why)?”. 

Data analysis
Data collected from the machine and from the questionnaire were entered to IBM SPSS 
Statistics (version 25) and described using descriptive statistics. For the questionnaire 
data, the 5-point Likert-scale was dichotomized into disagree (answers 1 to 3) and 
agree (answers 4 and 5). Data collected through the interviews were transcribed 
verbatim and translated into English by two research assistants (R.V. and M.S.). The 
transcriptions were anonymized and analyzed in ATLASTM by the second author. The 
analyzed data was checked by the third author who was not involved in the interviews, 
and discrepancies were discussed with the first author until consensus was researched. 
Using content analysis, all the responses from families were marked as statements and 
clustered in a top-down manner and given a theme [14]. Then, the number of themes 
was reduced according to their relevance (i.e., small themes with only a few statements 
were included in larger related themes), and clustered in relation to acceptability, 
feasibility, potential effectiveness or improvements.

RESULTS
Eighteen families with a child with cancer were approached to participate in this study. 
Eight families declined to participate, because of hospitalization of the child with 
cancer (n = 3), no interest (n = 2) or finding it too demanding at this point of treatment 
(n = 3). In total, ten families (55.6%) were included and written consent was obtained 
from all family members (n = 47). The families participated in the pilot study between 
June and December 2018. The children were between 5 and 9 years of age (M = 6.7, SD 
= 1.34), and their diagnoses were mixed. More details about the characteristics of the 
children and their families can be found in Table 1.

Use of the tool
On average, the families had Mr.V at home for 12 days, of which they used it 8 days. 
They made between 8 and 36 notes and added 4 to 97 balls to the machine. The notes 
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were added to the machine on the first day, as well as throughout the week, with the 
exception of one family who added all the surprises on the first day. The content of the 
notes (n = 168) varied within and between families, but mostly contained indoor family 
activities (e.g., dance together with mom or dad; roasting marshmallows together; play 
a game together) or outdoor family activities (e.g., eating out, going to the swimming 
pool, go for a walk in the forest), but also compliments and/or personal messages to 
each other (e.g., you are a champion and therefore get a big hug; dad, go for a tour in 
the cabriolet) and jokes (e.g., get another ball; put make-up on mom and dad; give 
your dad a face mask and take a picture). Mr.V dropped between 2 and 15 surprises 
during the time the families used it, with an average of 9 surprises. Most surprises 
were dropped in the afternoon, which was the preferred time setting of most families. 
The evening was the least favorite time setting. All families used the time knob at least 
twice to change the preferred timing of the surprises, as well as the button to obtain 
surprises on demand. This last button was used on average 37 times per family. The 
machine was unplugged (i.e., turned off) on average 3 times. More specific data on 
how Mr.V was used by each family can be found in Table 2.

TABLE 1
Patient (n = 10) and family member (n = 47) characteristics 

n %
Patient characteristics (n = 10)

Age
5 years 3 30.0
7 years 5 50.0
8 years 1 10.0
9 years 1 10.0

Gender
Boys 8 80.0
Girls 2 20.0

Diagnosis type
Leukemia or lymphoma 4 40.0
Brain or central nervous system tumor 4 40.0
Solid tumor 2 20.0

Family member characteristics (n = 47)
Patients 10 21.3
Siblings 16 34.0
Parents 21 44.7
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Evaluation of the tool 
The questionnaires were filled out by 35 family members (n = 10 patients, n = 9 
siblings, and n = 16 parents) and 31 family members were interviewed (n = 10 
patients, n = 6 siblings, and n = 15 parents). An overview of the questionnaire ratings 
can be found in Figure 2. These results, together with the 1055 statements of the 
families that were collected from the interviews, will be described below with regard 
to feasibility, acceptability and potential effectiveness. Also, the statements about 
possible improvements will be described. Due to the richness of the data, only the 
three most mentioned themes for feasibility, acceptability, potential effectiveness and 
improvements are presented here. More details about other themes that emerged can 
be found in Table 3 (for feasibility, acceptability and potential effectiveness) and Table 
4 (for improvements).

FIGURE 2
Acceptability, feasibility and potential effectiveness of Mr.V as reported by the families. The 
ratings are ordered from high to low

Note. The themes are ordered from most statements to least statements.
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TABLE 3
Interview statements (n = 932) about acceptability, feasibility and potential effectiveness of 
Mr.V
Themes Statements (n)
Acceptability 240

Acceptable 190
Liked the functions or interactions or design 
Positive associations with the tool
Purpose was understandable

102
48
40

Less acceptable 5
Functions or interactions or design could be improved 50

Feasibility 421
Feasible 379

How they used the tool
Appropriate for all family members and others involved
Types or amount of surprises they made
Appropriate in home context or sensitive setting or hospital  
Openness in how to use or control the tool 
Strategies to make surprises or rules about the content
Easy to incorporate into family routines or during difficult times

86
85
60
49
38
33
28

Less feasible 42
Situations when the tool was overwhelming or less feasible to use 
Less appropriate features of the tool 

26
16

Potential effectiveness 271
Potentially effective 264

Provided a positive, fun or exciting experience
Valuable for improving family cohesion or interaction
Wanted to use it longer for longer lasting effects
Involvement of siblings
Buddy for children
Supportive for parents

94
49
37
33
26
25

Potentially less effective 7

Acceptability

According to the questionnaire ratings, almost all families agree or strongly agree that 
Mr.V provides the surprises in a positive way. Around three-quarter of the families also 
agree or strongly agree that Mr.V is nice or friendly and looks attractive. A minority of 
the families agrees or strongly agrees that Mr.V feels as a buddy or friend. During the 
interviews, 240 statements were made by family member about acceptability. Most of 
these statements (79.2%) indicated that the families thought Mr.V was very acceptable. 
Families talked most about how they liked functions or interactions or design of 
Mr.V, the positive associations they had with Mr.V, and how the purpose of Mr.V was 
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understandable. Some illustrative examples of some of these statements were: “I liked 
most of the sounds, they were a bit sparkling, a bit fairytale-like, magic-like”; “It looks 
nice, it is funny, it is comparable to a gumball machine that we used to have in the past, 
everyone wanted those”; “It is a sort of a reward system so to say […], there are balls 
inside with some nice assignments or compliments and once in a while a ball drops”. 
Some statements (20.8%) were made about features of Mr.V that demonstrated lower 
acceptability. These statements were mostly on how the functions or interactions with 
Mr.V could be improved, and on how the design could be improved. Some illustrative 
examples were: “Only the drawer was not working smoothly, it got stuck a few times”; 
“I think it can be smaller and made of plastic, it feels a bit heavy now”.

TABLE 4
Interview statements (n = 123) about improvements of Mr.V
Themes Statements (n)
Acceptability 37

More controllable 25
Frequency surprises 
Parental control 
Content surprises
Fitting family schedule

9
7
5
4

More family-centered 12
More inclusive for siblings and older children 
More child appropriate

9
3

Feasibility 46
Better interaction 28

Add humanoid voice with feedback
Add more possibilities for interaction
Add sound switch/timer 

12
10
6

Better looks 18
Possibility to customize appearance 
More colors

11
7

Potential effectiveness 40
In other environments 27

During treatment
In the hospital 
In other environments

14
10
3

More focus on purpose 13
Suggestions for best practice to use
More guidance for surprises content
Purpose more understandable for children

7
4
2

Note. The themes are ordered from most statements to least statements.
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Feasibility 

According to the questionnaire ratings, almost all families agree or strongly agree that 
Mr.V is easy to use and can be used by children between 4 and 12 years of age. More 
than three-quarter of the families agree or strongly agree that Mr.V is part of their 
daily routine, and more than half of the families agree or strongly agree that they can 
use Mr.V the way they want to, and if they want to. In the interviews, the families 
made 421 statements about the feasibility of Mr.V. The majority of these statements 
(90.0%) indicated that the families thought it was very feasible to use Mr.V. Families 
mostly explained how they used Mr.V, how the machine was appropriate for all family 
members and others involved, and the types or amount of surprises they made. Some 
illustrative examples of some of these statements were: “Most of the times, me and my 
husband wrote the surprises and then [the child] and his brother, and my daughter 
opened them”; “Everybody liked it, the youngest two found it most exciting, the oldest 
one mainly made the assignments, she liked to do that”; “We provided them with some 
rules like you can ask some presents, but think about more fun things to do, I think 
that was the goal, how can you do things with the family”. A few statements (10.0%) 
were made about less feasible features of Mr.V. These statements included situations 
when Mr.V was overwhelming or less appropriate to use, and features of Mr.V that 
were sometimes less appropriate. Some illustrative examples were: “I think that Mr.V 
is a lot of fun, but the frequency of balls, when you would have it for a longer time at 
home, should not be two surprises per day, that is not doable. Of course, it depends 
on what kind of surprises you write down, but it is almost not possible to immediately 
do the things that we had written down”; “Well, I really missed a volume button, the 
sound was too loud”.

Potential effectiveness

According to the questionnaire ratings, almost all families agree or strongly agree 
that Mr.V was fun, inclusive for the whole family, and helped to do more things 
together. Around three-quarter of the families also agree or strongly agree that Mr.V 
was as much fun the last day as it was the first day. In the interviews, the families 
made 271 statements about the potential effectiveness of Mr.V. Almost all of these 
statements (97.4%) indicated that the families thought Mr.V could be very effective 
for them. Families mostly explained how Mr.V provided them with a positive and fun 
experience, how Mr.V was valuable for improving family cohesion or interaction, and 
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how they wanted to use Mr.V for a longer period of time. Some illustrative examples of 
some of these statements were: “What comes out [of Mr.V] is always a bit of a surprise, 
so it is really exciting over and over again and that makes it fun”; “[Mr.V] ‘forces’ you 
a bit to think about what you can do with the family”; “It remains fun, because the 
surprises are different every day”. Few statements (2.6%) were made about why Mr.V 
was potentially less effective. For example: “It disturbs sometimes, that is a point of 
discussion, on the one hand you want to activate to do family things, but on the other 
hand I have a 60/70 hours job”.

Improvements for the tool
In the interviews, families made 123 statements about possibilities to improve Mr.V. 
Families suggested that the acceptability of Mr.V would be higher if Mr.V would be 
more controllable, and even more family-centered. The feasibility to use Mr.V could be 
improved in terms of the interaction with the tool, and by giving Mr.V better looks. The 
potential effectiveness could be enlarged by also using Mr.V in other environments, 
and by putting more focus on its purpose. Examples of this were: “It would be nice if 
I was able to change the setting of when Mr.V goes to sleep”; “When it would maybe 
become available in the shops, I would like to choose my own color”; “I think it is nice 
to provide the parents with some tips about what to write on the notes”; “I certainly see 
the potential for the market and for schools, people who work with rewarding systems 
or want to connect, team-building kind of things”.

DISCUSSION
The objective of this pilot study was to describe the experiences of families with a newly 
developed tool called Mr.V, and to evaluate the potential of this tool to support family 
functioning and normal family life at home during cancer treatment by promoting 
family activities. We found that all families used Mr.V for multiple days, regardless of 
differences in family composition, the diagnosis of the child or the child’s age. There 
were many variations noticeable between families in how they used the machine. More 
specifically, in how they prepared the surprises, how much they let Mr.V act on its own, 
and how intensively they used the functions of the tool. Therefore, we speculate that 
families were able to use Mr.V in their own way, and adapt it to their own preferences 
and routines, providing evidence of its universal applicability.



Chapter 6

160

In their evaluation of Mr.V, families were overall very satisfied with the tool. In line 
with responses to another healthcare tool to promote coping and decrease distress in 
children undergoing cancer treatment [12], we found that Mr.V was easy and fun to 
use, well designed, and provided a relevant and positive experience. We also found that 
Mr.V was inclusive and appropriate for the whole family, helped families to do more 
things together, and improved family cohesion and interaction. However, Mr.V was 
not considered as a buddy or friend. Families proposed to make Mr.V more interactive 
(e.g., add a voice and make it more responsive), which is in line with research on social 
robots in healthcare that have these qualities and are considered as companions [15]. 
Families also suggested to not only or exclusively use Mr.V at home, but also in other 
environments, such as the hospital.

Clinical implications
The development of Mr.V would not have been possible without the valuable 
collaboration with design researchers. This collaboration is an example of how design 
can contribute to innovations in healthcare. Design researchers are able to translate 
needs and ideas of families into directions where it is possible to intervene and to 
shape new ways of care [16]. They are able to design and develop new technologies 
and medical devices that promote health in new, different, more appealing and playful 
ways [17]. 

Limitations and future research
Mr.V was tested by families during a relatively short period of time, and it would be 
interesting to find out how the tool would be used and could promote family activities 
throughout the entire period of cancer treatment. Mr.V should also be tested more, to 
establish its effectiveness in supporting families during childhood cancer treatment. 
Measures on feelings of normality, feelings of support, empowerment, resilience, and 
feelings of distress could help to evaluate how meaningful Mr.V is for families.

Even though we designed Mr.V as a preventative tool to generally support families, it 
may also be useful as an intervention for specific families that are at elevated risk for 
distress by providing therapeutic messages. The advantages of using Mr.V for this, is 
that the assignments are provided in a fun and more appealing way (i.e., makes it feel 
less therapeutic), and that families can be reminded of the assignments throughout the 
week in a playful way. Likewise, it could be investigated whether Mr.V would also be 
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applicable to families dealing with other kinds of illnesses or distress, or for children 
with special needs.

It is important to realize that further financial support is needed to re-design Mr.V into 
a more advanced version, following the suggestions provided by families. This new 
version of Mr.V should resemble a commercial product, should be easy to program 
according to the needs of each family and should be more responsive in line with the 
new trends of social robots for children [18]. However, next to financial support for re-
designing, there will be costs involved for hospitals to purchase the tool. Although the 
tool is not very complex and should therefore be affordable to produce, hospitals could 
also select specific families who will benefit more from Mr.V to reduce the number of 
purchases. Additionally, hospitals will need to develop a service system to distribute 
the tool, which could be in collaboration with for example family organizations that 
are connected to the hospital.

Conclusion
Mr.V is a promising family-centered tool for families dealing with childhood cancer 
that provides supportive care at home in addition to standard care that is available at the 
hospital. Mr.V is an acceptable and feasible tool that can be implemented by families 
independently at home, regardless of their level of need for support. Mr.V promotes 
family activities, and therefore has the potential to support family functioning and 
normal family life at home. However, more research on the effectiveness of Mr.V is 
needed.
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The general objective of this thesis was to develop and investigate the introduction 
of innovative and interactive interventions into pediatric oncology care to support 
children with cancer and their families during treatment both at the hospital and at 
home. This final chapter provides a summary of the main findings and reflections 
on these findings while answering our three research questions about the feasibility, 
the experiences, and the preliminary effectiveness of the interventions. Furthermore, 
project reflections, methodological considerations, clinical implications and future 
directions are discussed, and overall conclusions are drawn. 

MAIN FINDINGS
Table 1 shows an overview of all studies and outcomes that were presented in this thesis.

Part I – Support for children at the hospital: Exploration and investigation 
of a social robot in pediatric oncology care
We started in Chapter 2 by assessing the opinions of almost three hundred health care 
providers working in pediatric oncology around the world regarding social robots. 
We found that health care providers were mostly positive about social robots. They 
considered hospitalization and medical procedures to be the most valuable scenarios 
for a social robot, and sleep to be the least valuable scenario. They found distraction 
to be the most valuable function to use the robot for, and education to be the least 
valuable function. Most health care providers were willing to use a social robot in 
their work, even though they also expected technical difficulties with this type of 
innovation. Psychosocial staff members seemed generally more reluctant towards 
social robots compared to nurses and medical staff. 

In Chapter 3 we introduced a social robot, which was named Hero, as a buddy to 20 
children undergoing cancer treatment. Children were able to interact with Hero twice 
while being hospitalized, and a third time while undergoing a medical procedure. 
We found that children were very interested to participate in the study and that they 
reported positive experiences. They found the robot to be age-appropriate, and they 
reported to feel better on average after the interactions. Almost all children appreciated 
the support of the robot during a medical procedure, and parents were positive about a 
robot as a buddy for their child. Children perceived consistently high levels of bonding 
over the three interactions. Yet, some technical difficulties were encountered during 
the interactions that need improvement. 
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In Chapter 4 we used a social robot to provide sleep hygiene education to 28 children 
with cancer and their parents at the outpatient clinic. We found that the execution 
of the education at the outpatient clinic was feasible, and all children were able to 
complete the education without technical issues. Families were mostly positive 
about their experiences, and the setting with a social robot was inclusive, as several 
children with (developmental) comorbidities were able to participate as well. Most 
families reported to have followed up on the sleeping suggestions from the robot and 
to have applied the recommendations at home. Preliminary effectiveness was found to 
be promising, as we measured an improvement in sleep hygiene two weeks after the 
interactive educational session. 

Part II – Support for families at home: Development and investigation of 
two interactive tools
In Chapter 5 two interactive tools (tactful objects) were developed and described: 
AscoltaMe to enhance communication between family members, and Mr.V to stimulate 
social activities in families. The tools were pilot-tested by 8 families dealing with 
childhood cancer treatment while being at home. We found that families experienced 
both tools to be enjoyable and playful, and to be a distraction from the child’s illness. 
Mr.V fulfilled its purpose, and reminded families to engage in quality time together. 
AscoltaMe was used differently than expected as it was not used as much, nor were 
thoughts or emotions shared. The tools were easy to use but required some creativity 
to find a suitable way to use them. Families appreciated the looks of the tools, the 
associations with the designs, the interactions with the tools, the physical presence at 
home, the fact that they were shared with all family members, and how they blended 
in with family routines. 

In Chapter 6 Mr.V was redesigned into a spaceman. The spaceman was pilot-tested 
by 10 families with a child with cancer under active treatment while being at home. 
We found that all families used Mr.V for multiple days and in a way that suited them. 
Almost all families evaluated Mr.V as acceptable, feasible to use, and potentially 
effective for them. Mr.V promoted family activities and therefore has the potential 
to support family functioning and normal family life at home. Families also provided 
feedback on possible ways to further improve the tool. 
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REFLECTIONS ON MAIN FINDINGS
Feasibility
Pilot and feasibility studies are an essential part of planning complex or new 
interventions. They provide the opportunity to evaluate and explore the setting 
in which the intervention is introduced, and which barriers and facilitators are 
encountered while implementing the process in the context. We examined different 
types of feasibility in our studies, such as the usability of the tools, the study designs, 
and the context in which they were deployed.

Usability

For our social robot studies, interaction patterns were developed (i.e., new software) 
and implemented in a NAO robot (existing hardware) by our collaborators. This 
enabled our robot to interact with the children autonomously and to provide 
personalized responses whereby also using earlier answers of the child (i.e., it had a 
memory). A major benefit of these efforts is that the robot was easy to use and did 
not require much training or involvement from staff (i.e., only turning on the robot 
and laptop, and starting the interaction). This contributed positively to the feasibility 
of employing a social robot in our clinical setting. However, the interactivity and 
adaptivity of the robot also resulted in higher risks for technical problems. In our first 
study, when the robot was used as a buddy, we encountered a substantial number of 
technical difficulties (in 33% of the interactions, with 10% uncompleted interactions). 
Therefore, we adjusted the design of the interactions for our second study where the 
robot was used to provide sleep hygiene education. First, the repair mechanism (i.e., 
the alternative way of responding to the robot in case speech recognition failed) did not 
work adequately enough, and together with our technical partners, a different repair 
mechanism was implemented. A tablet was added to the set-up, whereby children could 
select an answer from multiple options on the tablet in case the speech recognition 
software failed. This made the interactions run more smoothly. Additionally, the tablet 
also could be used in the education to provide visual support and exercises to children.

Second, we decreased the complexity of the interactions. In the first study, the robot 
asked many semi-open questions to children, such as favorite color, pet type, and 
holiday destination, where unexpected answers were given that did not fit the expected 
interactions that were programmed (such as “all colors of the rainbow” and “pastel 
colors”), while in the second study the questions could be mostly answered with yes, 
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no, and maybe or sometimes. These adaptations to the design of the interactions 
resulted in three times less technical problems in our second study (in 11% of the 
interactions, with all interactions completed), and thus better usability. The age of 
the children could have contributed to this improved feasibility as well, as the sleep 
education was implemented with somewhat older children compared to the robot 
buddy. Older children may be better at adapting their behavior towards the robot 
when difficulties in the interaction occur, resulting in less challenging behavior for the 
robot to process. 

AscoltaMe and Mr.V were designed to have simple interactions (such as shuffling balls 
and making sounds, and recording or playing voice messages), and did not require 
an internet connection or any advanced software. In the further development and 
redesign of Mr.V to a spaceman, an additional function was developed to provide 
families with more control over the tool. A rotary knob was added with which families 
could set a preferred time zone in which the surprises could be dropped, to provide 
them with more control over the timing of the surprises. The tools were feasible to use, 
as families were able to implement them independently at home without support from 
researchers or staff from the hospital, and without technical difficulties. Therefore, the 
feasibility of using these tools at home was high.

Study designs

The interventions had different set-ups and were introduced and (pilot-)tested in 
different settings, which had different impacts on the feasibility. The social robot 
was used at the inpatient and outpatient care at the hospital. During inpatient care, 
multiple interactions were planned with the robot as a buddy, with an overall drop-out 
rate of 30%. This drop-out rate was largely explained (83%) by the inability to plan 
multiple meetings because of changes in the medical journey of children. Therefore, 
having multiple interactions during inpatient care did not seem feasible, and 
implementing multiple interactions that build on each other (i.e., that input from the 
child in one session is needed for the next session) is not recommended in a clinical 
inpatient setting. On the contrary, at the outpatient care at the hospital all sessions 
with the robot were completed. The outpatient clinic was much more structured and 
predictable. Families usually had one appointment and felt that there was some space 
to interact with the robot before or after their appointment or they filled the time in-
between appointments if they had multiple subsequent appointments. AscoltaMe and 
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Mr.V were used in the home setting by families for usually a week. Families were able 
to use the tools in a way and at time points that worked for them, which resulted in 
high feasibility of this set-up.

Context

The interventions were developed for and applied to the specific context of pediatric 
oncology patients. During our study at the inpatient care, we experienced that multiple 
children preferred to respond to the robot using the buttons on its feet instead of 
responding verbally. This could be a specific finding for our context, as we did not 
see this in our studies with children from the general population [1,2]. This finding 
could be explained by the fact that the children in our study were hospitalized and 
often quite ill. Answering via buttons was probably less intensive than answering by 
speech in a loud and timely matter. This is something to consider when developing 
interactive interventions that are feasible to use for sick children: They should not be 
too demanding. 

Experiences
The experiences of children, their families and health care providers with the 
interventions are of critical importance to the successfulness of the interventions. 
Making sure that children and their families feel comfortable using the interventions, 
and that health care providers are supportive of the interventions, are essential 
elements for realizing effectiveness. Therefore, the results of this section are closely 
related to the potential effectiveness as described in the next section. 

Children and parents

Children and their families were generally enthusiastic and interested in the 
interactive nature of the interventions. In all studies, participation rates were high, 
with a remarkable 91% in our social robot study where it was used as a buddy. 
These findings support the fundamental concept that interactive, playful tools are 
an attractive and suitable form for interventions for children [3]. Also, ratings from 
children and their families on their experiences with the social robot and Mr.V were 
high. They wanted to interact with the social robot more often and wanted to have 
Mr.V at home again or keep it for a longer period of time. The fact that Mr.V was 
inclusive for all family members was especially appreciated by families. Considering 
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the strong recommendation that siblings of children with cancer should be provided 
with psychosocial services as well [4], it is worthwhile to further explore the potential 
effectiveness of Mr.V for this.

The ratings of children and their families regarding their experiences with AscoltaMe, 
however, were lower than with the social robot and Mr.V. This is why this intervention 
was not further developed. Even though children and their families experienced 
AscoltaMe as enjoyable and fun, they reported that they did not use the tool for 
the intended purpose of discussing thoughts or emotions, and that it felt somewhat 
unnatural to use. Literature on families in the general population shows that parents 
and children are users of various modern media, and that despite that, opportunities 
for communication are not always taken and that there is a less than desired exchange 
of expressive and affective messages [5]. An intervention called Family Circles was 
developed, which is a messaging system that represents a technological form of leaving 
spoken messages on tokens at home throughout the house. Their trial field study 
suggested that the tool can support expressive, informal communication. Therefore, 
this tool could be further explored for the use in the health care setting.

Health care providers

The opinions of health care providers that were collected in our survey study, indicated 
that they expected social robots to be most valuable during hospitalization and medical 
procedures, and that distraction would be the most valuable function. This is in line with 
the results from our robot buddy study. However, health care providers expected little 
value from sleep or education, while – even the combination of the two – was found to be 
very promising in our setting. A potential explanation could be the way the opinions of 
health care providers were asked. The questionnaire did not specify how the robot would 
be used in the context of sleep and it may have been difficult for health care providers 
to envision the contribution of a social robot in a clinical setting when they had no or 
limited experiences with them. Furthermore, psychosocial staff members seemed more 
reluctant towards social robots. This is something we experienced in our robot buddy 
study as well. Even though our team of child life specialists was of great help in including 
the children in our study, we were unable to include the child life specialists themselves 
in our study. Either they were not present during the medical procedures or they did not 
respond to the questionnaire about their experiences. This is something that warrants 
further attention (see Future directions). 
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Preliminary effectiveness
In all our studies, an important overarching question was: Do children and their families 
benefit from the interactions with the tools? Considering that our interventions were 
all newly developed, most of our studies were exploratory (pilot-)studies to examine 
the feasibility of using the interventions and to evaluate the experiences of children, 
their families and health care providers with the interventions. Yet, we were able to 
look at indications of preliminary effectiveness of our interventions regarding stress 
and anxiety, bonding of children with the social robot, and sleep hygiene. 

Stress and anxiety

As outlined in the introduction of this thesis, one of our aims was to change the 
subjective experience of children of potentially traumatic events to reduce levels of, 
or completely prevent, medical traumatic stress [6]. As part of our robot buddy study, 
the robot accompanied children during a medical procedure at the treatment room 
where it told a story in an animated fashion that was personalized and partially self-
composed by children. Children and parents reported to have experienced less stress 
and anxiety, and sometimes less pain during the medical procedures when the robot 
accompanied them, compared to previous procedures. However, children and parents 
also noted that the level of stress of the child was usually not that high, which can be a 
result of the interventions from our child life specialists. For children that experienced 
high levels of stress and anxiety, the robot did not seem to meet their support needs, 
and children were too stressed to pay attention to the robot. Therefore, a buddy may 
not be sufficient for these children, and different content is needed that includes more 
active distraction, as was done in other social robot studies with promising results [7-
10]. During hospitalization, when children interacted with the robot buddy in their 
patient room, they reported on average to feel better after the interactions than before 
the interactions. Therefore, the role of a robot buddy in overall stress and anxiety 
reduction at the hospital should be further examined.

Bonding

Children experienced high levels of bonding with the robot buddy over multiple 
interactions and also reported to consider the robot to be a buddy or a friend. In our 
study among health care providers, we found that they believe that it important that 
children are familiar or have bonded with the robot before using it during treatment. 
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The results from our robot buddy study showed that bonding scores were already high 
upon a first encounter, which is in line with findings from earlier research in which the 
bonding questionnaire was validated [11]. Therefore, even though it is appropriate to 
first introduce a social robot to children and teach them how to use it, children do not 
seem to need much more bonding to feel comfortable around a robot. Considering 
that the bonding scores in our study remained persistently high over time, the robot 
could be meaningful when it comes to overall stress and anxiety reduction for children 
in the hospital. This confirms the findings described before and was also concluded in 
several reviews on the use of social robots in health care [12-14]. 

Sleep hygiene

In our sleep education study with the social robot, we were able to measure sleep hygiene 
behaviors in children before and after the intervention, and found promising results: 
The sleep hygiene behaviors of children were statistically significantly improved two 
weeks after the education. This finding is particularly hopeful, as a review concluded 
that most sleep education programs (without social robots) in children from the 
general population are not necessarily associated with changes in sleep behavior such 
as sleep hygiene [15]. Therefore, a social robot could be of added value in education 
to children, which could be attributed to its interactive, and playful nature. Other 
educational interventions that were provided via social robots to children in the health 
care context showed positive results as well [16-18].

PROJECT REFLECTIONS
While setting up and conducting the projects in this thesis, we experienced some 
specific barriers and facilitators related to their innovative, technological, and 
multidisciplinary nature. These lessons learned are important to share, since 
technological intervention research for children in the health care setting is growing, 
and these kinds of reflections can be educational and are rarely published.

Scenarios
At the start of our social robot project, we carefully considered different scenarios for the 
robot. We originally explored if the robot could be beneficial in situations where parents 
could not be with their child, with the purpose to reduce stress and anxiety. Scenarios we 
examined, were: (1) Diagnostic imaging (i.e., PET/CT-scan), (2) radiation therapy (i.e., 
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brachytherapy, AMORE therapy and MIBG therapy), (3) hospitalization, and (4) sleeping 
at the hospital. These scenarios were well discussed with children and their parents, as well 
as with child life specialists and other health care providers with expertise in the specific 
areas, such as nuclear medicine. In almost all scenarios several barriers were identified, 
which are summarized in Table 2. After careful considerations, the first two scenarios were 
canceled, and the third and fourth scenario were adapted. For the third scenario, a step-
by-step introduction of the robot to children was added (starting with getting acquainted 
in their own patient room), as well as the scenario of distraction during a medical 
procedure in the treatment room (e.g., subcutaneous port access), resulting in the robot 
buddy study (Chapter 3). For the fourth scenario, we integrated our scientific knowledge 
on sleep problems in childhood cancer [19-21], and responded to the lack of, and need 
for, sleep education in children with cancer. This resulted in our robot sleep education 
study (Chapter 4). The expertise of health care providers at our pediatric hospitals, as well 
as their input in our international survey study, were important facilitators in selecting 
and reflecting on the different scenarios. This resulted in a balanced selection of scenarios 
that we considered to have the most potential. 

Content 
After selecting the scenarios, we developed the content for the robot in these scenarios. 
First, we focused on selecting behaviors for the robot that would contribute to the 
desired outcomes while also making optimal use of the robot. Second, it was important 
to design content that would be feasible to develop within the timeframe of the project. 
These efforts resulted in a software framework and robot behaviors that were more 
advanced than existing software. The robot in our project was able to act autonomously 
(i.e., was not operated by health care providers) and to have personalized conversations 
with children (i.e., respond differently and more suitable based on the response of the 
child), whereby also using earlier answers of the child (i.e., it had a memory). Even 
though this development came with more risks of technological complications when 
using the robot, we deemed it more important to create a robot that required minimal 
effort from health care providers (i.e., for better future implementation) and a better 
experience for children (i.e., more durable relationship and longer-term interest). We 
pilot-tested the technical functioning of the robot outside the hospital context first 
with children from the general population [1,2] to avoid unnecessary burden for 
children with cancer. This approach contributed importantly to the usefulness and 
successfulness of the robot in our clinical setting.
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Designers made important contributions to the content of AscoltaMe and Mr.V, most 
evidently with regard to their creativity. The development of the content of AscoltaMe 
and Mr.V was carried out by our collaborating partner based on our defined aims for 
the tools, and their deepening into our pediatric oncology context. The designers were 
able to create tools that were attractive to families, and their creativity was especially 
visible in the further development and redesign of Mr.V from a gumball machine into 
a spaceman. They also created a tool-kit around the interventions, such as a box that 
came with the interventions, including related attributes and for example a background 
story about Mr.V the Spaceman. One of the designers also created the illustrations for 
the robot sleep education study (i.e., the material for the visual support and exercises 
on the tablet), and for the magnet with sleeping suggestions that children received 
to take home. In the robot buddy study, there were creative aspects as well, such as 
that the robot used information that children shared with the robot to personalize 
the conversations, and children were able to create a story together with the robot, 
including movements, light shows and sound recordings. Also Wintertuin, one of 
our project partners, contributed significantly to the content of the robot by writing 
interactive stories specifically suitable for the robot to tell children. All these creative 
additions were important contributions to the projects.

Collaboration 
In both projects, the development of the interventions required cooperation between 
multiple parties that worked in different fields. At the hospital, there was expertise with 
the clinical setting and knowledge on the requirements of psychosocial interventions, 
while the technical parties were able to develop hardware and software. To establish 
the envisioned interventions, this needed to be combined while communication 
was often challenged by differences in approaches, jargon, research experiences 
(methods), scientific output (publications and literature), interests or perceived 
benefit, and potential implementation success. Therefore, expectation management 
was an important part of the projects, and the process of shaping the interventions 
was labor intensive. Despite these complexities, the collaborations paid off and lead to 
new, innovative interventions which would not have been possible to realize without. 

Organization
Both projects were designed for children with cancer and initiated before the 
centralization of care for these children to the Princess Máxima Center for pediatric 
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oncology in May 2018. The Meedoen=Groeien!? project (with AscoltaMe and Mr.V) 
started in 2015 in the early start-up stage of the Princess Máxima Center when it 
was located within the Wilhelmina Children’s Hospital of the University Medical 
Center Utrecht (UMC Utrecht). The social robot project started in 2016 at the Emma 
Children’s Hospital of the Amsterdam University Medical Centers (Amsterdam UMC) 
and moved to the Princess Máxima Center in 2018. This relocation had an impact on 
the project, as it was not feasible to set up and start a study at the Emma Children’s 
Hospital, and to collect the data before the patients moved. Once the Princess Máxima 
Center opened for all patients in 2018, there were understandably other priorities, 
and there was a temporarily hold on new studies. Also specifically our robot project, 
that needed lots of support from the organization (such as IT and legal services), was 
a bit too early for this new organization. Regulations were not always clear yet, for 
example regarding the use of the camera and microphone of the robot, safe storage of 
patient data, and hygiene of the robot. Analyses were needed to map potential risks 
when using the robot (vulnerability assessment) and the developed software needed to 
be verified. It was also unclear whether the robot needed to be classified as a medical 
device, which had an impact on the regulations that apply for the robot and the research 
that we were allowed to do. Fortunately, with the efforts of many colleagues from the 
Princess Máxima Center that supported our projects, we were able to implement the 
interventions into the pediatric oncology setting, and with the centralized care of the 
Princess Máxima Center the studies could be introduced to many children. 

METHODOLOGICAL CONSIDERATIONS
The findings of this thesis must be considered in light of some overall limitations.

Sample
Although smaller sample sizes are not unusual in this type of research, it should 
be mentioned that all evaluations with children and their families were limited 
in numbers. Most of our studies with patients and their families were explorative 
studies to test feasibility and obtain experience. We first needed to establish that the 
interventions worked (technically), were acceptable to children and their families, and 
fitted regulations, before setting up a large study. We also see this in other studies with 
interactive interventions for families in the general population [5,22,23] and pediatric 
patients [24,25], and in social robots studies in children with diabetes [18] and cancer 
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[8,26,27]. The evaluations among health care providers were based on a convenience 
sample, which may have affected the representation of this group. Moreover, we were 
unable to include child life specialists in our robot buddy study, so their experiences 
could not be compared to the findings of the survey study. 

Measures
Even though we usually applied three or more different methods for our evaluation 
(e.g., observations, questionnaires, interviews), most of these measures were developed 
by us. There were no appropriate and validated ways to measure for example stress 
and anxiety in children during medical procedures, to assess experiences of children 
and their families with interactive tools, or to estimate the impact or effects of the 
tools. Only for sleep hygiene and bonding validated questionnaires were available 
[11,28], although it must be noted that the bonding questionnaire was not suitable for 
the youngest children in our study, and that sleep hygiene was only evaluated using 
parent reports. To measure stress and anxiety, we translated and tested the Procedural 
Behavior Rating Scale (PBRS) [29] and the modified Yale Preoperative Anxiety Scale 
(mYPAS-SF) [30]. Unfortunately, neither scale worked to our satisfaction as the scores 
from these measures did not match with the observed behaviors in children (i.e., the 
measures were not sensitive or distinctive enough for children experiencing low or 
moderate stress and anxiety). Moreover, the (effects of the) behavior of parents or 
health care providers could not be taken into account, nor could coping behaviors that 
occurred.

Privacy
In our social robot studies, Automated Speech Recognition (ASR) software was used 
to understand what the child was saying. We used the cloud-based ASR system by 
Google, called Dialogflow. This system showed to give the best performance for child-
robot speech interaction with the NAO robot that we used [31]. Research also showed 
that it is important that the robot understands the child for an effective intervention 
[1,32], and that children feel less comfortable in the interaction with the robot when 
speech recognition fails [33]. Therefore, we decided to use the best available software 
instead of developing this software ourselves. Using this software, however, limited 
us in the design of our interactions and studies, because the answers of children that 
were recorded by the robot were sent to Google’s Dialogflow where they were stored 
in audio form and text form. Considering that this data could contain personal or 
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sensitive information from children, and we did not want any private information to 
leave the hospital, we adapted the conversational scripts. Consequently, the robot was 
unable to ask children for their name, age, or illness (although we were able to add the 
name of the child in a way that the robot could use it, and it would not be shared with 
Google).

CLINICAL IMPLICATIONS AND FUTURE DIRECTIONS
With the research described in this thesis, we hope to have made some important 
contributions to the field of innovative interventions for the use in pediatric oncology. 
We were able to develop a robot that autonomously processed the responses of children, 
and then selected appropriate, personalized responses using also earlier answers of the 
child (i.e., memory-based). With this, we created a “smart” social robot that was able 
to function independently at the hospital, without the need of an operator (i.e., health 
care provider). The need for this independency in the field of health care is becoming 
more evident, and it is something other new projects are aiming for as well [34]. For 
the home setting, we were able to create interactive tools that functioned technically 
well and that could be used by families independently without any additional support 
from researchers or health care staff as well. This independent use, not burdening 
health care providers, is an important clinical implication regarding the feasibility of 
implementing these interventions in the clinical health care setting.

More research
A next step would be to study the effectiveness of our interventions in a larger study 
design, including validated measures. This is in agreement with conclusions and 
recommendations from other review studies regarding social robots in health care 
[14,17]. As outlined in our Project reflections, several barriers need to be overcome, 
and preliminary experience is needed before it is possible to start a large (randomized 
controlled) study. Therefore, more publications about developmental considerations, 
and barriers and facilitators in performing studies with technological health care 
tools, as was done by researchers in the United States [35], are needed to accelerate 
the process. Also, sharing conversational scripts or software would make it easier to 
translate work to other settings and for other purposes. Furthermore, considering the 
lengthy treatment of pediatric cancer, more research on how to keep the interactions 
interesting to children and their families long-term, as well as how to safeguard long-
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term use (i.e., continued availability of the tools) is important. Fortunately, some first 
steps in this direction seem to have been made with an increase in human-robot 
interaction literature on how long-term interaction should be designed [36,37]. 

Further technical development
It is important to stress that all tools that were created in this thesis were prototypes. 
Before any of these interventions can be further researched for effectiveness or in 
the future be implemented into care, further technical development is needed. For 
the social robot, a next step would be to develop native ASR software. This would 
resolve privacy issues (i.e., data of patients will not be shared with external parties), 
as well as a large part of our technical issues (i.e., no internet connection problems). 
As a result, the robot would be able to talk with children about more personal topics, 
such as their illness or how they are feeling. Another next step would be to add 
adaptive mechanisms, such that when the interaction is not going smoothly (i.e., the 
robot does not understand the child multiple times in a row), the robot resorts to 
simpler interactions (i.e., yes-no questions). This would also contribute to the age-
appropriateness of the robot, making the interactions more accessible for younger 
children. Also, emotion recognition software would be a valuable contribution for 
future robots interacting with sick children. If a robot would be able to recognize the 
facial expressions of children or be able to detect subtle changes in their faces or voices 
(i.e., recognize common displays of emotions), the robot would be even more suitable 
to be used the sensitive context of sick children. In our project, we attempted to develop 
this software, but we were unable to implement it yet. Other researchers are working 
on emotion recognition software in adults [38,39] and children with autism [40]. Mr.V 
the Spaceman could be further developed into a more advanced version following 
suggestions provided by families in our last study. This feedback mostly concerned 
additional options for families to program the device according to their needs (i.e., 
number of surprises) and to make the device more interactive (i.e., talk, e.g., more like 
a robot). It is important to note that all the mentioned developments will require lots 
of financial support and time.

Including child life specialists
Child life specialists play an important role in supporting patients and their families 
during treatment. The tools as they were developed and researched in this thesis, 
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would be an additional resource to their work. However, as we have seen in two of our 
studies, child life specialists in our center did not seem eager to incorporate a robot 
into their practice. Other researchers have reflected upon experiences of child life 
specialists working with social robots [41], and upon reflections of child life specialists 
on the process of implementation [42]. Especially the first paper explains the different 
kind of barriers that child life specialists experienced in using a social robot: From 
fear of operating the robot, and fear of the robot not working in front of children, 
to not knowing how it could be used with children, and generally refusing to use it. 
Fortunately, the study also found that this resistance declined over time with trial and 
error, and after child life specialists experienced the impact of the robot on children. 
It is likely that the fears that were described in the research above, are experienced by 
child life specialists in our center as well. Also, our study among health care providers 
showed reluctance among child life specialists towards social robots and a fear to be 
replaced. Therefore, it is important to include child life specialists at an early stage 
of the project where their thoughts and preferences can be included in the design of 
the robot and possible concerns can be taken away. They could be part of the data 
collection process as well, to gain experience with using the robot. 

Additional settings
The educational intervention that was developed for the robot, focused on sleep 
hygiene. Yet, there are various other topics that would be suitable for interactive 
education with a social robot as well. In our set-up, the robot tested the knowledge 
of children with quiz-like questions, and provided tailored information based on the 
responses of children. Other topics that seem suitable for this format, are for example 
pain education, which is a significant component of (non-pharmacological) pain 
interventions [43-45], and education about difficult topics such as predisposition 
syndromes [46] or nutrition [47,48] which can be repeated by the robot several times. 
Looking at the literature, the results of a meta-analysis on coping and adjustment 
in children with cancer showed different needs related to the time since diagnosis 
and type of stressor [49]. Teaching children different coping strategies at different 
moments, paired with medical procedures and specific treatments, could enhance the 
ability of children to cope and adjust. Here, a social robot could be of additional value 
by providing tailored education at multiple moments. Also, a cognitive and problem 
solving training was developed for children with cancer to address the late effects of 
neurocognitive sequelae [50]. This intervention struggled with a low participation rate, 
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raising concerns about the acceptance of the program. A social robot could provide 
solutions here in making the intervention more appealing and interactive for children, 
comparable to another pediatric oncology study where the robot was successfully used 
as a therapy assistant [26] or educational games as was done in children with diabetes 
[18]. Another study used a social robot to provide information about anesthesia and 
surgery in the waiting room, which could be an appropriate location [51].

Mr.V was developed to be used by families at home. However, multiple families 
pointed out that Mr.V could be an addition at the hospital as well, for example during 
(long) hospital stays to have dedicated moments of family time together or to motivate 
children to go outside the patient room when they are feeling more sick. Another way 
to support family functioning could be to develop an additional digital Mr.V to connect 
family members at the hospital with family members at home, where the surprise 
can be shared with all family members even though they are not physically together. 
Additionally, Mr.V could be used more clinically as an intervention by psychologists 
or other health care providers at the hospital, to provide specific assignments to 
families in a playful and accessible way. More generally, a standard set of surprises (i.e., 
activities or assignments) could be developed to use Mr.V more therapeutically, or 
family members could be asked to share their worries, fears, or happy moments, also 
facilitating intra family communication.

Conclusion
In this thesis, four technological interactive interventions were developed and 
scientifically evaluated with the aim of reducing medical traumatic stress and 
supporting families in coping with childhood cancer treatment. Most of the 
interventions were found to be feasible to use, to provide fun and positive experiences 
to children and their families, and to be potentially effective. Further technological 
development is needed to improve (the functioning of) the interventions, as well as 
more research on their effectiveness and generalizability to other settings. Also the 
involvement of child life specialists in any further steps is needed. We hope that the 
project reflections in this thesis are helpful to future innovative, technological projects, 
and that our research efforts as described in this thesis have contributed to the field of 
innovative interventions in pediatric oncology care and to the future psychosocial care 
for children with cancer during treatment at the hospital and at home. 
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SUMMARY
When a child is diagnosed with cancer, it has a major impact on both the child and 
the family. Cancer treatment causes a certain level of medical traumatic stress, and the 
family is disrupted. Coping with this stress is important to reduce the psychosocial 
impact of the disease and its treatment. Advances in technology have offered new 
opportunities, especially interactive tools, for psychosocial interventions for children 
and their families during treatment, both at the hospital and at home. This thesis is 
about several interactive tools that we developed and scientifically evaluated for this 
purpose. 

Part I – Psychosocial support for children at the hospital: Exploration and 
investigation of a social robot in pediatric oncology care
In the first part of this thesis, we explored the introduction of a social robot into 
pediatric oncology care. Social robots are being developed and tested more and more 
in the context of pediatric health care, yet limited in pediatric oncology. We used 
multiple methods, including logbooks, observations, questionnaires and interviews to 
examine: (1) The feasibility of using a social robot in the pediatric oncology setting, (2) 
the experiences of children, families and health care providers with the social robot, 
and (3) the potential effectiveness of the social robot. Three prospective clinical studies 
were conducted about or with a social robot.

Study 1: Opinions of health care providers about social robots
We assessed the opinions of health care providers working in pediatric oncology 
regarding social robots and we looked at differences in their opinions based on 
their background characteristics. Almost three hundred health care providers from 
around the world participated in this cross-sectional online survey study. Health care 
providers were mostly positive about social robots and were willing to use them in 
their work, even though the majority also expected technical difficulties with this type 
of innovation. They considered hospitalization and medical procedures to be the most 
valuable scenarios for a social robot, and distraction to be the most valuable function 
to use the robot for. Psychosocial staff members seemed more reluctant towards social 
robots compared to nurses and medical staff members. Overall, social robots seem 
promising for the use in pediatric oncology care, but potential technical barriers 
should be addressed upon implementation.
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Hero

The social robot that we developed was called Hero (a name that was chosen 
by the children at the Princess Máxima Center for pediatric oncology). For this 
social robot, we used existing hardware, namely the NAO6 robot from SoftBank 
Robotics ©. This robot has human features in appearance (i.e., it is a humanoid 
robot), and any of its parts, including its head, arms, legs, and fingers, can move. 
The software was developed in close collaboration with multiple external partners, 
which allowed us to realize an advanced social robot that was able to interact with 
children autonomously (i.e., without the help of a human controlling the robot 
via a laptop) and attuned (i.e., personalized) to the responses of children, whereby 
also using earlier answers of the child (i.e., it had a memory). Hero was developed 
with two different functionalities: A getting acquainted conversation followed by 
co-creating a story and storytelling, and sleep education. The software was pilot-
tested in children from the general population at schools.

Study 2: A social robot as a buddy
We introduced Hero as a buddy to twenty children (6-12 years old) during cancer 
treatment, and completed 51 interactions. Children were able to interact with Hero 
three times: Two times while being hospitalized and a third time while undergoing a 
medical procedure. We found that children were very interested to participate in the 
study and that they reported positive experiences. They found the robot to be age-
appropriate, and they reported to feel better on average after the interactions with the 
robot. Almost all children appreciated the support from the robot during a medical 
procedure, and parents were positive about a robot as a buddy for their child. Children 
perceived consistently high levels of bonding with the robot over the three interactions. 
Further software development is needed to improve the technical functioning of the 
robot, yet the concept of a social robot buddy at multiple moments during childhood 
cancer treatment holds promise as an addition to existing psychosocial care. 

Study 3: A social robot for sleep hygiene education
We used Hero to provide sleep hygiene education to 28 children with cancer (8-12 
years old) and their parents at the outpatient clinic. We found that the execution 
of the education at the outpatient clinic was feasible, and all children were able to 
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complete the education without technical issues. Families were mostly positive about 
their experiences, and the setting with a social robot was inclusive, as several children 
with (developmental) comorbidity were able to participate as well. Most families 
reported to have followed up on the sleeping suggestions from the robot and applied 
the recommendations at home. Considering that we also measured an improvement 
in sleep hygiene two weeks after the educational session with the robot, preliminary 
effectiveness was found to be promising. Therefore, we recommend that the use of a 
social robot for educational purposes in pediatric oncology should be further explored. 

Part II – Psychosocial support for families at home: Development and 
investigation of two interactive tools
In the second part of this thesis, we explored the use of two interactive tools for 
families with a child with cancer in the home context. To date, limited coping tools 
seem to be available for psychosocial supportive care for families at home during 
childhood cancer treatment. Therefore, in another close collaboration with an external 
partner, two completely new and innovative tools were developed to contribute to this 
gap. Two prospective clinical studies were conducted with these tools in the pediatric 
oncology setting. Multiple methods were used, including machine data, family diaries, 
pictures and videos, questionnaires and interviews to examine: (1) The feasibility and 
acceptability of families with a child with cancer of using the interactive tools at home, 
(2) the experiences of children and families with the interactive tools, and (3) the 
potential effectiveness of the interactive tools.

AscoltaMe

The first tool that we developed (hardware and software) was called AscoltaMe 
(Italian for ‘listen to me’) and was aimed at enhancing communication in the 
family. The tool was designed based on the tin-can-telephone game whereby family 
members could leave voice messages for each other. AscoltaMe was intended to be 
used casually and to be left around the house to encourage families under stressful 
circumstances to stay connected with each other and to motivate them to keep 
communicating. 
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Mr.V

The second tool that we developed (hardware and software) was called Mr.V 
(short from Verrassing, Dutch for ‘surprise’) and was aimed at enhancing family 
functioning. The tool was designed based on a gumball vending machine 
whereby the machine was filled by family members themselves with activities 
and messages. These surprises were then provided to families by the machine 
at random moments. Mr.V was intended to be placed in a common area of the 
house and to include all family members to stimulate them to do more things 
together and to continue normal, everyday family life. During the project, Mr.V 
was further developed and redesigned into Mr.V the Spaceman.

Study 4: The design and a pilot-test of AscoltaMe and Mr.V
We described the development of the two interactive tools as tactful objects: A design 
perspective that empowers people in sensitive settings. Next we described how the 
tools were used by eight families with a child with cancer (6-16 years old) in the home 
setting. We found that the tools were easy to use, and that families experienced the 
tools to be enjoyable and playful. Mr.V fulfilled its purpose, and reminded families 
to engage in quality time together. AscoltaMe was used differently than expected: It 
was not used as much, nor were thoughts or emotions shared. The fact that Mr.V 
was shared with all family members, and blended in with family routines, indicated 
potential effectiveness of the tool and further development and exploration of the tool 
would be worthwhile.

Study 5: Mr.V the Spaceman
We redesigned Mr.V into a spaceman to support family functioning and safeguard 
normal family life. The spaceman was tested by ten families with a child (5-9 years old) 
under cancer treatment while being at home. We found that all families used Mr.V 
for multiple days and in a way that suited them. Almost all families evaluated Mr.V as 
acceptable, feasible to use, and potentially effective for them. Mr.V promoted family 
activities and therefore holds the potential to support family functioning and normal 
family life at home. Families provided feedback on how to further improve the tool, 
which should be incorporated in the further development of the intervention before it 
can be examined for effectiveness.
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Conclusion
For this thesis, we were able to develop four technological interactive interventions with 
the aim of reducing medical traumatic stress and supporting families in coping with 
childhood cancer treatment. These tools were scientifically evaluated, and most of the 
interventions were found to be feasible to use, to provide fun and positive experiences 
to children and their families, and to be potentially effective. With this work, we hope 
to have made some important contributions to the field of innovative interventions 
in pediatric oncology care. However, more research and further technological 
development are needed to improve (the functioning of) the interventions, as well as 
involvement of child life specialists in any further steps. We assume that our research 
efforts as described in this thesis will contribute to future psychosocial care for children 
with cancer during treatment at the hospital and at home, in which these types of 
technological innovations will undoubtedly play a role.
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Wanneer bij een kind kanker wordt vastgesteld, heeft dit grote gevolgen voor zowel 
het kind als het gezin. De behandeling van kanker veroorzaakt een bepaalde mate 
van medisch traumatische stress, en het gezin wordt ontwricht. Omgaan met deze 
stress is belangrijk om de psychosociale gevolgen van de ziekte en de behandeling te 
verminderen. Nieuwe technologische ontwikkelingen bieden nieuwe mogelijkheden, 
in het bijzonder interactieve hulpmiddelen, voor psychosociale interventies voor 
kinderen en hun gezinnen tijdens de behandeling, zowel in het ziekenhuis als thuis. 
Dit proefschrift gaat over meerdere interactieve hulpmiddelen die we hiervoor hebben 
ontwikkeld en wetenschappelijk onderzocht.

Deel I – Psychosociale steun voor kinderen in het ziekenhuis: verkenning 
en onderzoek van een sociale robot in de kinderoncologische zorg
In het eerste deel van dit proefschrift hebben we de introductie van een sociale 
robot in de kinderoncologische zorg onderzocht. Sociale robots worden steeds 
meer ontwikkeld en getest in de context van de kindergeneeskunde, maar dit is nog 
beperkt in de kinderoncologie. We hebben meerdere methoden gebruikt, waaronder 
logboeken, observaties, vragenlijsten en interviews, om onderzoek te doen naar: (1) de 
haalbaarheid van het gebruik van een sociale robot in de kinderoncologische zorg, (2) 
de ervaringen van kinderen, hun gezinnen en zorgverleners met de sociale robot, en 
(3) de potentiële effectiviteit van de sociale robot. Drie prospectieve klinische studies 
zijn uitgevoerd over of met een sociale robot.

Studie 1: meningen van zorgverleners over sociale robots
We hebben de meningen van zorgverleners werkzaam in de kinderoncologie over 
sociale robots onderzocht en we hebben gekeken naar verschillen in hun meningen 
op basis van hun achtergrondkenmerken. Bijna driehonderd zorgverleners wereldwijd 
hebben deelgenomen aan dit cross-sectionele online onderzoek. De meeste 
zorgverleners  stonden positief tegenover sociale robots en waren bereid deze te 
gebruiken in hun werk, hoewel de meerderheid ook technische problemen verwachtte 
bij het gebruik van deze innovatie. Zorgverleners beschouwden ziekenhuisopnames 
en medische procedures als de meest waardevolle scenario’s voor een sociale robot en 
afleiding als de meest waardevolle functie om de robot voor in te zetten. Psychosociale 
zorgverleners waren terughoudender tegenover sociale robots dan verpleegkundigen 
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en medisch personeel. Concluderend lijken sociale robots veelbelovend voor het 
gebruik in de kinderoncologische zorg, maar mogelijke technische belemmeringen 
moeten bij de implementatie worden aangepakt.

Hero

De sociale robot die we hebben ontwikkeld heette Hero (een naam die was gekozen 
door kinderen van het Prinses Máxima Centrum voor kinderoncologie). Voor 
deze sociale robot gebruikten we bestaande hardware, namelijk de NAO6 robot 
van SoftBank Robotics ©. Deze robot heeft menselijke kenmerken qua uiterlijk 
(genaamd humanoïde robot), en elk van zijn onderdelen, waaronder zijn hoofd, 
armen, benen en vingers, kan bewegen. De software is ontwikkeld in nauwe 
samenwerking met meerdere externe partners, waardoor we een geavanceerde 
sociale robot hebben kunnen realiseren die autonoom (d.w.z. zonder de hulp 
van een persoon die de robot bestuurt, bv. via een laptop) en afgestemd (d.w.z. 
gepersonaliseerd) op antwoorden van kinderen kan reageren, waarbij de robot 
ook gebruik maakt van eerdere antwoorden die kinderen hebben gegeven (d.w.z. 
de robot had een geheugen). Hero was ontwikkeld met twee verschillende 
functionaliteiten: een kennismakingsgesprek gevolgd door het samen creëren van 
een verhaal en storytelling, en slaapeducatie. De software is eerst getest op scholen 
bij kinderen uit de algemene bevolking.

Studie 2: een sociale robot als maatje
We hebben Hero geïntroduceerd als maatje bij twintig kinderen (6-12 jaar) die 
behandeld werden voor kanker. Kinderen konden drie keer iets met Hero doen: twee 
keer tijdens een ziekenhuisopname en een derde keer tijdens het ondergaan van 
een medische ingreep. De kinderen bleken zeer geïnteresseerd in deelname aan het 
onderzoek en ze rapporteerden positieve ervaringen. Ze vonden de robot geschikt 
voor hun leeftijd en ze gaven aan dat ze zich gemiddeld beter voelden na de interacties 
met de robot. Bijna alle kinderen waardeerden de ondersteuning van de robot tijdens 
de medische ingreep, en ouders waren positief over een robot als maatje voor hun 
kind. Kinderen ervaarden consistent hoge niveaus van verbondenheid met de robot 
gedurende de drie interacties. Verdere ontwikkeling van de software is nodig om 
de technische werking van de robot te verbeteren, maar het concept van een sociaal 
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robotmaatje voor kinderen op meerdere momenten tijdens hun kankerbehandeling is 
een veelbelovende aanvulling op de bestaande psychosociale zorg.

Studie 3: een sociale robot voor slaaphygiënevoorlichting
We hebben Hero gebruikt om educatie te geven over slaaphygiëne aan 28 kinderen met 
kanker (8-12 jaar) en hun ouders op de polikliniek. We vonden dat de uitvoering van 
de educatie op de polikliniek haalbaar was, en alle kinderen konden de voorlichting 
zonder technische problemen afronden. De gezinnen waren overwegend positief over 
hun ervaringen, en de setting met een sociale robot was inclusief, aangezien kinderen 
met een ontwikkelingsachterstand of andere aandoening (comorbiditeit) ook konden 
deelnemen. De meeste gezinnen gaven aan de slaapsuggesties van de robot te hebben 
opgevolgd en de aanbevelingen thuis te hebben toegepast. Aangezien we ook een 
verbetering in slaaphygiëne hebben gemeten twee weken na de educatieve sessie met 
de robot, lijkt de effectiviteit vooralsnog veelbelovend. Daarom bevelen we aan om 
het gebruik van een sociale robot voor educatieve doeleinden in de kinderoncologie 
verder te onderzoeken.

Deel II – Psychosociale steun voor gezinnen thuis: ontwikkeling en 
onderzoek van twee interactieve hulpmiddelen
In het tweede deel van dit proefschrift hebben we het gebruik van twee interactieve 
hulpmiddelen voor gezinnen met een kind met kanker in de thuiscontext onderzocht. 
Tot op heden lijken er beperkte hulpmiddelen beschikbaar te zijn voor psychosociale 
steun aan gezinnen thuis tijdens de behandeling van kanker bij kinderen. Daarom 
werden in nauwe samenwerking met een externe partner twee volledig nieuwe 
en innovatieve hulpmiddelen ontwikkeld om dit tekort te adresseren. Met deze 
hulpmiddelen werden twee prospectieve klinische studies uitgevoerd in de 
kinderoncologie setting. Meerdere methoden werden gebruikt, waaronder systeem 
gegevens uit de hulpmiddelen, gezinsdagboeken, foto’s en video’s, vragenlijsten en 
interviews, om onderzoek te doen naar: (1) de haalbaarheid en aanvaardbaarheid 
voor gezinnen met een kind met kanker om de interactieve hulpmiddelen thuis 
te gebruiken, (2) de ervaringen van kinderen en hun gezinnen met de interactieve 
hulpmiddelen, en (3) de potentiële effectiviteit van de interactieve hulpmiddelen.
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AscoltaMe

Het eerste hulpmiddel dat wij hebben ontwikkeld (hardware en software) 
heette AscoltaMe (Italiaans voor ‘luister naar mij’) en was bedoeld om de 
communicatie in het gezin te verbeteren. Het hulpmiddel is ontworpen op basis 
van het bliktelefoon spel waarbij gezinsleden spraakberichten voor elkaar konden 
achterlaten. AscoltaMe was bedoeld om terloops te worden gebruikt en in huis 
te laten liggen om gezinnen in stressvolle omstandigheden aan te moedigen met 
elkaar in contact te blijven alsook hen te motiveren om te blijven communiceren.

Mr.V

Het tweede instrument dat we hebben ontwikkeld (hardware en software) heette 
Mr.V (afkorting van Verrassing) en was bedoeld om het gezinsfunctioneren te 
verbeteren. Het hulpmiddel is ontworpen op basis van een kauwgomballenautomaat 
waarbij de automaat gevuld werd door gezinsleden zelf met opdrachten en 
berichtjes. Deze verrassingen werden dan op willekeurige momenten door de 
machine verstrekt. Mr.V was bedoeld om in een gemeenschappelijke ruimte van 
het huis te worden geplaatst om zo alle gezinsleden te stimuleren meer dingen 
samen te doen en het normale, dagelijkse gezinsleven voort te zetten. Tijdens het 
project is Mr.V doorontwikkeld tot Mr.V de Astronaut.

Studie 4: het ontwerp en de pilot-test van AscoltaMe en Mr.V
We hebben de ontwikkeling van de twee interactieve hulpmiddelen als tactvolle 
objecten beschreven: een ontwerpperspectief dat mensen in moeilijke omstandigheden 
versterkt. Vervolgens hebben we beschreven hoe de hulpmiddelen werden gebruikt 
door acht gezinnen met een kind met kanker (6-16 jaar) in de thuissituatie. De gezinnen 
vonden dat de hulpmiddelen gemakkelijk te gebruiken waren en dat de gezinnen de 
hulpmiddelen als plezierig en speels hebben ervaren. Mr.V voldeed aan zijn doel, en 
herinnerde gezinnen eraan om quality time met elkaar door te brengen. AscoltaMe werd 
anders gebruikt dan verwacht: het werd niet zo vaak gebruikt, noch werden gedachten of 
emoties gedeeld. Het feit dat Mr.V door alle gezinsleden werd gebruikt, en werd ingepast 
in de routines van het gezin, wijst op de potentiële effectiviteit van dit hulpmiddel en 
verdere ontwikkeling en verkenning van dit hulpmiddel zou de moeite waard zijn.
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Studie 5: Mr.V de Astronaut
We hebben Mr.V doorontwikkeld tot een astronaut om het gezinsfunctioneren te 
ondersteunen en het normale gezinsleven te waarborgen. De astronaut is getest 
door tien gezinnen met een kind (5-9 jaar) dat behandeld werd voor kanker in de 
thuissituatie. We hebben vastgesteld dat alle gezinnen Mr.V meerdere dagen hebben 
gebruikt en op een manier die bij hen paste. Bijna alle gezinnen beoordeelden Mr.V als 
aanvaardbaar, makkelijk te gebruiken en potentieel effectief voor hen. Mr.V bevorderde 
gezinsactiviteiten en heeft daarom het potentieel om het gezinsfunctioneren en het 
normale gezinsleven thuis te ondersteunen. De gezinnen hebben tips gegeven over hoe 
het hulpmiddel verder verbeterd kan worden. Deze tips moeten worden meegenomen 
in de verdere ontwikkeling van de interventie voordat deze op effectiviteit kan worden 
onderzocht.

Conclusie
Voor dit proefschrift hebben we vier technologische interactieve interventies 
ontwikkeld met als doel medische traumatische stress te verminderen en gezinnen 
te ondersteunen bij het omgaan met de behandeling van kanker bij kinderen. Deze 
hulpmiddelen werden wetenschappelijk onderzocht, en de meeste interventies bleken 
haalbaar om te gebruiken, bezorgden kinderen en hun gezinnen leuke en positieve 
ervaringen, en zijn potentieel effectief bevonden. Met deze onderzoeken hopen we 
een aantal belangrijke bijdragen te hebben geleverd op het gebied van innovatieve 
interventies in de kinderoncologie. Er is echter meer onderzoek en verdere 
technologische ontwikkeling nodig om (de werking van) de interventies te verbeteren, 
evenals meer betrokkenheid van pedagogisch medewerkers bij verdere stappen. We 
gaan er vanuit dat onze onderzoeksinspanningen zoals beschreven in dit proefschrift 
zullen bijdragen aan de toekomstige psychosociale zorg voor kinderen met kanker 
tijdens de behandeling in het ziekenhuis en thuis, waarin dit soort technologische 
innovaties ongetwijfeld een rol zullen gaan spelen.
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dan een promotor en dagelijks begeleider. Ik ben echt bij jou opgegroeid als 
onderzoeker en ik zie jou als een mentor. Ik bewonder hoe jij je onuitputtelijk inzet 
voor jouw onderzoekers, voor jouw collega’s en voor ons vakgebied. Bedankt dat je 
er onvoorwaardelijk voor mij bent geweest; voor alle keren dat je mij met aandacht 
en medeleven hebt opgevangen; voor de kansen, de ruimte en het vertrouwen dat je 
mij hebt gegeven waardoor ik mij verder kon ontwikkelen; en voor je openheid en 
eerlijkheid waar ik zo veel van heb geleerd. Ook ben ik dankbaar voor de bijzondere 
band die we hebben, want met jou werken voelt vertrouwd en ik kan bij jou met 
alles terecht. Ik ben blij dat we nog langer mogen samenwerken aan de PROM Core 
Facility en dat ik nog veel meer van jouw inzichten en vakinhoudelijke kennis mag 
leren. Daarnaast hoop ik natuurlijk op nog veel meer mooie herinneringen aan (dans)
feestjes, etentjes (bij jou thuis), congressen (de rooftopbar in Washington en Brussel), 
retraites, en ga zo maar door. “It Friday night and I won’t be long ‘til I hit the dance floor, 
hit the dance floor, I got all I need.”

Prof. dr. Johannes Merks, Hans, wat fijn dat je het afgelopen jaar benoemd werd tot 
professor en dat ik nu de eer heb om jouw eerste promovendus te zijn met jou als 
promotor. Bedankt voor je warme begeleiding en voor de fijne overleggen samen. 
Naast uiteraard jouw inhoudelijke expertise en bijdrages, bracht je rust, evenwicht, 
luchtigheid en (flauwe) humor. Vaak was het vooral erg gezellig en als het nodig was 
serieus en daadkrachtig. Als er iets was kon ik je altijd bellen of appen en dan stond je 
voor me klaar. Hopelijk kunnen we af en toe nog eens samen fietsen, koffie drinken of 
in de toekomst op een andere manier samenwerken. Ook veel dank aan jouw dochter 
Julie voor het testen van het robotmaatje.
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Prof. dr. Peter Bosman, Peter, bedankt voor je inzet als projectleider op het uitdagende 
ROBOT project. Je bent een echte wetenschapper met heel veel kennis en een ongelofelijk 
goede spreker. Ondanks dat je voor mij een begeleider op afstand was (ergens anders 
werkte, en in een ander vakgebied), nam je jouw rol als begeleider duidelijk serieus. 
Bedankt daarvoor.

Prof. dr. Mark Neerincx, Mark, bedankt voor je bijdrages aan het project en voor het 
meelezen van mijn stukken. Ik vond het interessant om te leren van jouw inzichten en  
van jouw ervaringen uit eerdere robot-projecten in de klinische setting.

Lieve Marloes, waar was ik zonder jou, mijn extra dagelijks begeleider en mijn 
feestcommissie. Als er iets was, dan was jij er om te luisteren, stelde je doortastende 
(helpende) vragen, en moedigde je mij aan om zelf een mening te vormen of dacht je 
mee over oplossingen. Als het nodig was, dan steunde je me door mee te sturen in een 
soms gespannen krachtveld. Daar heb ik veel van geleerd en ik hoop in de toekomst 
anderen net zo waardevol en betrokken te kunnen begeleiden als jij doet. Daarin ben je 
echt mijn voorbeeld. Bedankt voor alle klussen die je samen met mij hebt aangepakt en 
dat ik eindeloos vragen mocht stellen. Bedankt voor je fanatieke inzet, voor je humor 
en voor je realistische blik. Ik vind het jammer dat je weggaat en ik ga je heel erg 
missen. Op mij laat je in ieder geval een onuitwisbare indruk achter.

Andere collega’s uit de ROBOT projectgroep, Alejandro, Koen, Marco, Mike en 
Tanja, bedankt voor jullie bijdrages aan, en het ontwikkelen van de robot. Vooral het 
laatste jaar kwamen alle inspanningen van onze samenwerking tot bloei, met twee 
mooie klinische studies als eindresultaat. Ook veel dank aan de partners die hieraan 
hebben bijgedragen: ASolutions, Cancer Health Coach, Vereniging Kinderkanker 
Nederland en Wintertuin. 

Collega’s uit de Meedoen=Groeien!? projectgroep, Marco en Patrizia, ik kijk met heel 
veel plezier terug op onze samenwerking. Ik heb veel van jullie geleerd, ook over “jullie 
wereld”, en ik waardeer hoe jullie je hebben verdiept in “die van ons”. Bedankt voor 
jullie openheid, enthousiasme en creativiteit. Lieve Patrizia, I cherish the hours we 
spend together traveling to families throughout the Netherlands with AscoltaMe and 
Mr.V, analyzing the data of our studies, and writing our papers together. Our work 
relationship quickly evolved into a work-friendship that is very dear to me. You are 
very involved and caring, and I am grateful I met you.
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Leden van de promotiecommissie, Prof. dr. Susan Bögels, Prof. dr. Johannes Knoop, 
Dr. Wouter Kollen, Prof. dr. Panos Markopoulos, Prof. dr. Jochen Peter en Prof. 
dr. Huib de Ridder, bedankt voor het beoordelen van mijn manuscript en voor het 
plaatsnemen in mijn commissie.

Collega’s uit de psychosociale onderzoeksgroep, lieve (ex-) (geadopteerde) POPPI’s 
en NeuroCOPs, lieve Annalou, Anne L., Anne M., Annelienke, Bruno, Cristina, 
Daniëlle, Elin, Emily, Eva, Fatma, Guus, Heleen, Hinke, Jiska, Jojanneke, Juul, 
Layla, Lindsay, Loes, Mala, Mandy, Marisa, Marita, Marloes, Martha, Maureen, 
Merel, Niki, Petra, Raphaële, Sasja, Seb, Shosha en Yudum. Ik heb zo veel mooie 
herinneringen met jullie allemaal. Met sommige van jullie ben ik mijn avontuur 
begonnen in het prille begin van het Máxima: in de kantoortuin van het WKZ. 
Achteraf, en kijkend naar het Máxima nu, besef ik wat een bijzondere tijd dat was. 
Ik ben trots dat we samen zo hard kunnen werken en daarnaast ook zo hard met 
elkaar kunnen lachen. Ik ben jullie dankbaar voor de veiligheid die jullie mij hebben 
geboden, waardoor ik altijd mezelf kon zijn en alles kon delen. Op sommige momenten 
waren jullie de belangrijkste redenen waardoor ik met plezier naar mijn werk ging. Ik 
ben heel blij dat ik blijf en dat ik onderdeel mag blijven van deze groep. Raphaële 
en Hinke, het was leuk om met jullie samen te kunnen werken aan de slaaprobot. 
Bedankt voor jullie onmisbare bijdrages. Ook bedankt aan jouw kinderen Raphaële, 
Juliëtte, Isabelle en Benjamin, voor het testen van de slaaprobot.

Mijn paranimfen, lieve Eva, Juul en Mala. Met jullie heb ik echt lief en leed gedeeld. 
Jullie waren mijn vangnet en ik heb mij altijd gesteund gevoeld door jullie. Bedankt 
dat jullie (eindeloos) naar mij luisterden, aandacht voor mij hadden, meedachten en 
voor mij klaarstonden met een grapje, knuffel en koffie. Ik heb geluk met jullie als 
mijn werk-vriendinnen en ik ben blij dat jullie bij mijn promotie aan mijn zijde staan. 
Jullie betrokkenheid, adviezen en aanmoedigen had ik vaak nodig. Eva, ik ben super 
trots op jou en op wat jij aan het overwinnen bent. Juul, ik mis jouw gezelligheid, 
onze gesprekken en onze koffie-momentjes nu al. Ik vind het speciaal dat we deze 
zomer allebei gaan promoveren en ik weet zeker dat we elkaar nog blijven zien. Mala, 
ik vind het nog steeds bijzonder dat we tegelijkertijd zwanger waren en dat we onze 
zwangerschappen samen hebben kunnen delen. Ons telefoontje vlak nadat we allebei 
moeder waren geworden, zal ik nooit vergeten.
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Onderzoekers uit de andere onderzoeksgroepen, in het bijzonder Bas, Floor, 
Janna, Jenneke, Lianne, Madeleine, Merel, Michelle en Natanja, bedankt voor de 
gezelligheid met name in het prille begin van het Máxima. Mijn eerste SIOP congres 
in Washington met velen van jullie zal ik nooit vergeten. 

Alle collega’s uit de psycho-oncologische zorg die hebben meegedacht over mijn 
projecten en naar mijn presentaties kwamen: bedankt. In het bijzonder Aimée, 
Brigitte, Denny, Marije en Merwe. Jullie hebben een onmisbare rol gespeeld in de 
invulling en uitvoeringen van mijn onderzoeken. Bedankt dat jullie, ondanks soms 
jullie eigen twijfels over de robot, er toch voor gingen. Jaap, ik heb hele warme 
herinneringen aan mijn sollicitatiegesprek met jou (en Martha), het samenwerken op 
het Meedoen=Groeien!? project, en vooral aan de tijd dat we samen in de kantoortuin 
van het WKZ werkten. Laura, bedankt voor je luisterende oor als ik het zwaar had, voor 
je aanmoedigingen en voor het meedenken. Esther, bedankt voor je enthousiasme, 
voor je persoonlijke adviezen en voor je hulp bij de slaapprofessor.

Ook hebben veel collega’s van andere afdelingen van het Prinses Máxima Centrum 
bijgedragen aan het opzetten en uitdenken van het ROBOT project in onze zorg. 
Bedankt collega’s van IT, ICD en IDT, collega’s van juridisch zaken, de CISO’s en 
de FG’s. Zonder jullie was het niet gelukt om de robot te implementeren in de zorg 
en de studies veilig uit te voeren. Ik waardeer jullie inzet extra, want het was niet 
makkelijk in een nieuw geopend centrum en bovenop jullie hoge werkdruk. Judith, 
wij hebben niet direct samengewerkt aan mijn onderzoeken, maar wel trekken wij 
al vanaf mijn eerste dag in het Máxima samen op. Bedankt voor alle fijne (telefoon)
gesprekken en wandelingen. Wij begrijpen elkaar. Renske, bedankt voor je energie 
en voor je enthousiasme voor mijn projecten. Ik vond het leuk om met jou als mede-
innovator in ons centrum op te trekken en ik kijk met plezier terug op onze Obot-pitch 
in Nijmegen. 

Dr. Lindsay Jibb and Dr. Jennifer Stinson from SickKids in Canada, thank you for 
collaborating across the world. You were pioneers in using a social robot in pediatric 
oncology care, and I appreciate your openness in sharing about your research 
experiences and that we were able to learn from you. Lindsay, I am happy we got a 
change to meet up at SIOP in Lyon.

PhD studenten van het TULIPS PhD curriculum 2019-2021, lieve Anne, Anne-Fleur, 
Elise, Emma, Fleur, Hanneke, Jenneke, Jessica, Josine, Lisa, Lisanne, Marijn, Maud, 
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Myrthe, Nicole, Tim, Victoria en Yvette, wat hebben wij een uniek traject samen 
meegemaakt. Ik vind het nog steeds uniek hoe wij elkaar in een korte tijd diepgaand 
hebben leren kennen. Ik heb veel van jullie geleerd en jullie hebben mijn blik op ons 
vakgebied verbreed. Ik weet zeker dat wij elkaar in onze academische toekomsten 
blijven tegenkomen en steunen. Ik vind het een geruststellend vooruitzicht als jullie de 
toekomstige leiders worden in de kindergeneeskunde.

Redactieleden van het NVPO tijdschrift, Aafke, Adriaan, Arrien, Chris, Félix, 
Ilonka, Jolanda, Joyce, Juul, Leonie, Loes, Melanie, Natascha, Pernilla, Pomme en 
Roos-Marie, en hoofdredacteuren Marij, John en Liza, ik vond het leuk om met jullie 
samen te werken in de bredere context van de psycho-oncologie. Bedankt voor de fijne 
vergaderingen en vooral voor de mooie edities van ons vakblad.

Members of the SIOP-PPO committee, dear Christopher, Fiona, Maria, Martha, 
Sasja, and Stephen. I lively remember our first phone call together (pre-COVID) and 
meeting you all for the first time at SIOP. I am forever grateful I got to be part of the 
international PPO family, because that is truly how it feels. I enjoyed our late night (for 
me) meetings, and I think you are all very inspiring leaders. Thank you for being so 
open, approachable, and fun, and for all the amazing work you do for our community.

Collega’s van de PROM Core Facility en het KLIK team, lieve Marloes, Ingrid en 
Marcel, jullie zijn mijn “nieuwe” collega’s (alweer bijna één jaar). Terwijl ik nog in de 
afrondende fase van mijn promotietraject zat, ben ik bij jullie team gekomen waar ik 
het enorm naar mijn zin heb. Ik ben jullie dankbaar voor jullie begrip en voor jullie 
geduld terwijl ik mijn proefschrift afrondde. Ik waardeer de fijne en open sfeer, jullie 
collegialiteit, jullie gedrevenheid en de “goedemorgen” appjes in de vroege ochtend. 
Marloes, jij in het bijzonder bedankt voor je flexibiliteit, voor je vertrouwen en voor je 
aanmoedigingen. We zijn een goed team en we vullen elkaar aan.

Misschien niet direct bijgedragen aan mijn onderzoeken en aan dit proefschrift, maar 
wel heel belangrijk in mijn leven: mijn vrienden en familie. 

Mijn vrienden en vriendinnen, lieve Iris en Julian, Lisan en Tina, Soundry en Robert, 
Marry en Timon, Becca en Maartje, Michelle en Gino, Geke en Frank, Gert-Jan en 
Jantje, Bart en Bonnie, Rik en Jade, en Julia en Kaei, bedankt dat jullie (heel vaak) 
vroegen hoe het met mij en met mijn onderzoeken ging en dat jullie op afstand hebben 
meegeleefd. Ook bedankt voor alle leuke dingen die ik met jullie doe buiten mijn werk. 
Jullie zijn de besten en ik kan niet zonder jullie.
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Lieve Julia, jou wil ik nog wel even apart noemen, want wat heb ik geluk met een 
buurvrouw zoals jij. Je staat altijd voor mij klaar en ik kan altijd op je rekenen. Bedankt 
voor alle keren dat je op Thijs hebt gepast, dat je bent bijgesprongen, of dat je eten 
kwam brengen omdat het (te) veel was. Jij, Kaei, Gijs en Joep zijn echt onze familie in 
Zeist. 

Lieve Timon, jou wil ik ook nog in het bijzonder noemen. Bedankt voor het ontwerpen 
van de mooiste kaft voor mijn proefschrift. Lief dat je dit voor mij wilde doen.

Mijn familie, lieve papa, mama, Mandy, Demi en oma, en schoonfamilie Peter, 
Betsie, Mikael, Marije, Thomas, Laura, Femke, Marlyn en oma Vink, bedankt dat 
jullie er voor mij zijn en mij steunen.

Lieve papa en mama, een speciaal dankjewel voor jullie. Jullie staan altijd voor mij 
klaar. Als kind heb ik altijd kunnen doen wat ik wilde, onbezorgd kunnen zijn en mezelf 
kunnen zijn. Jullie hebben mij alle kansen gegeven en ik heb mij kunnen ontwikkelen 
tot wie ik ben door jullie onvoorwaardelijke steun en liefde. Ik hou van jullie.

Mijn gezin, liefste Hans, mijn schatje. Al sinds de middelbare school zijn we samen. 
Puberen, studeren, samenwonen, werken, trouwen, een huis kopen en verbouwen, en 
papa en mama worden: we hebben het allemaal samen gedaan. Jij bent mijn stabiele 
basis, mijn rust en mijn thuis. Jij weet wat ik nodig heb, vaak als ik dat zelf nog niet 
weet. Jij maakt mij gelukkig en je laat al mijn dromen uitkomen. Ik ben trots op jou 
om wie je bent en dat je mijn man bent. Ik kijk uit naar de rest van ons leven samen. 
Ik hou van jou.

Liefste Thijs, mijn alles. Halverwege mijn promotietraject werd jij geboren, midden in 
een pandemie. Je bent een heel gevoelig en leergierig jongetje, en ik hoop dat je (net als 
mama) altijd je hart volgt en heel gelukkig wordt. Ik geniet zo van jou, van je praatjes, 
van je streken en van onze “vrije” dagen samen. Je weet heel goed wat je wilt en je geeft 
niet snel op. Ik hoop dat dat zo blijft. Ik hou van jou, boefje, kleine pruttel.
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