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Abstract

:

Simple Summary


Sleep problems are faced by many children with cancer, and they can lead to negative physical and psychological outcomes, as well as to a lower quality of life. Educating families on healthy sleep hygiene to reduce sleep problems is important. We explored the use of a social robot to provide sleep hygiene education, as social robots seem to be an innovative and suitable tool for children. We developed an interactive education program during which the robot discussed six sleep hygiene topics with 28 children by asking them questions, followed by providing them information. We used multiple methods and found that the use of a social robot at the outpatient clinic was feasible, that children and parents had mostly positive experiences, and that the sleep hygiene of children was better two weeks after the education regimen. Our work may underline the value of providing education through a social robot. Further research is needed to develop and implement this intervention.




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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1. Introduction


Sleep problems are common during and after treatment for childhood cancer [1,2,3,4] and they are related to a lower quality of life [5,6,7]. 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 [9,10,11]. 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 [13,14,15,16]. 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.




2. Methods


2.1. 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.




2.2. 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).



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].



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.




2.3. 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].




2.4. 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 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].





3. Results


3.1. 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.




3.2. Feasibility


3.2.1. 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.




3.2.2. 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%).




3.2.3. 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.




3.2.4. 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.




3.2.5. 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.





3.3. Experiences of Children and Parents


3.3.1. 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.




3.3.2. 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).





3.4. 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).





4. 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 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 [20,21,22], 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.



4.1. Clinical Implications


Most children with cancer experience sleep problems due to treatment effects, treatment-related toxicities, the hospital environment, and psychological and social factors [38,39,40,41]. 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.




4.2. 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 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.




4.3. 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.





5. 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.







Author Contributions


Conceptualization, K.L.A.v.B., M.v.G., J.H.M.M., M.A.G. and R.R.L.v.L.; formal analysis, K.L.A.v.B., H.v.d.H. and M.v.G.; funding acquisition, P.A.N.B.; investigation, K.L.A.v.B. and H.v.d.H.; project administration, K.L.A.v.B.; resources, M.E.U.L. and K.V.H.; software, M.E.U.L. and K.V.H.; supervision, K.L.A.v.B., M.v.G., J.H.M.M., M.A.G. and R.R.L.v.L.; writing—original draft, K.L.A.v.B., H.v.d.H., M.v.G., J.H.M.M., M.A.G. and R.R.L.v.L.; writing—review and editing, M.E.U.L., K.V.H., M.A.N., P.A.N.B. and T.A. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Nederlandse Organisatie voor Wetenschappelijk Onderzoek, Stichting voor de Technische Wetenschappen (NWO-STW) and KWF Kankerbestrijding under grant number 15198.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and was classified by the Institutional Review Board of the University Medical Center Utrecht (number 21/640, 23 September 2021) as exempt from the Medical Research Involving Human Subjects Act (WMO, article 16).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available upon request from the corresponding author. The data are not publicly available due to privacy restrictions.




Acknowledgments


The authors thank all the families who participated in this study, and the interns who helped collect the data.




Conflicts of Interest


Peter Bosman, Koen Hindriks, Mark Neerincx, Johannes Merks, Martha Grootenhuis, and Tanja Alderliesten report a grant from the Nederlandse Organisatie voor Wetenschappelijk Onderzoek, Stichting voor de Technische Wetenschappen (NWO-STW) and KWF Kankerbestrijding (grant number: 15198) during the conduct of the study. The funder had no involvement in the collection, analysis, or interpretation of the data, the writing of the report, or the decision to submit the article for publication.




References


	



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. Pediatr. Blood Cancer 2020, 67, e28165. [Google Scholar] [CrossRef] [PubMed]

	



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. Support. Care Cancer 2020, 28, 5983–5993. [Google Scholar] [CrossRef] [PubMed]

	



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. Psychooncology 2019, 28, 903–912. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef] [PubMed]

	



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 Rev. Qual. Life Cancer Care 2016, 1, 153–171. [Google Scholar] [CrossRef]

	



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 Qual. Life Outcomes 2011, 9, 25. [Google Scholar] [CrossRef]

	



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. Pediatr. Blood Cancer 2013, 60, 479–485. [Google Scholar] [CrossRef]

	



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. J. Pediatr. Psychol. 2016, 41, 588–599. [Google Scholar] [CrossRef]

	



Owens, J.A.; Jones, C. Parental knowledge of healthy sleep in young children: Results of a primary care clinic survey. J. Dev. Behav. Pediatr. 2011, 32, 447–453. [Google Scholar] [CrossRef]

	



Owens, J.A.; Jones, C.; Nash, R. Caregivers’ knowledge, behavior, and attitudes regarding healthy sleep in young children. J. Clin. Sleep Med. 2011, 7, 345–350. [Google Scholar] [CrossRef]

	



McDowall, P.S.; Galland, B.C.; Campbell, A.J.; Elder, D.E. Parent knowledge of children’ s sleep: A systematic review. Sleep Med. Rev. 2017, 31, 39–47. [Google Scholar] [CrossRef]

	



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. J. Paediatr. Child Health 2017, 53, 788–793. [Google Scholar] [CrossRef]

	



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. J. Clin. Sleep Med. 2016, 12, 1593–1599. [Google Scholar] [CrossRef]

	



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 Med. 2016, 21, 93–100. [Google Scholar] [CrossRef]

	



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 Pediatr. 2012, 12, 189. [Google Scholar] [CrossRef]

	



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. Learn. Instr. 2020, 65, 101270. [Google Scholar] [CrossRef]

	



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. Pediatr. Blood Cancer 2019, 66, e27814. [Google Scholar] [CrossRef]

	



Smakman, M.; Vogt, P.; Konijn, E.A. Moral considerations on social robots in education: A multi-stakeholder perspective. Comput. Educ. 2021, 174, 104317. [Google Scholar] [CrossRef]

	



Fridin, M.; Belokopytov, M. Embodied robot versus virtual agent: Involvement of preschool children in motor task performance. Int. J. Hum. Comput. Interact. 2014, 30, 459–469. [Google Scholar] [CrossRef]

	



Belpaeme, T.; Kennedy, J.; Ramachandran, A.; Scassellati, B.; Tanaka, F. Social robots for education: A review. Sci. Robot. 2018, 3, 21. [Google Scholar] [CrossRef]

	



Dawe, J.; Sutherland, C.; Barco, A.; Broadbent, E. Can social robots help children in healthcare contexts? A scoping review. BMJ Paediatr. Open 2019, 3, e000371. [Google Scholar] [CrossRef] [PubMed]

	



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. Int. J. Hum. Comput. Stud. 2017, 106, 63–76. [Google Scholar] [CrossRef]

	



Carskadon, M.A. Sleep in adolescents: The perfect storm. Pediatr. Clin. N. Am. 2011, 58, 637–647. [Google Scholar] [CrossRef]

	



Crowley, S.J.; Wolfson, A.R.; Tarokh, L.; Carskadon, M.A. An update on adolescent sleep: New evidence informing the perfect storm model. J. Adolesc. 2018, 67, 55–65. [Google Scholar] [CrossRef] [PubMed]

	



Galland, B.C.; Mitchell, E.A. Helping children sleep. Arch. Dis. Child. 2010, 95, 850–853. [Google Scholar] [CrossRef] [PubMed]

	



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 2019), Montreal, QC, Canada, 13–17 May 2019; pp. 61–70. [Google Scholar]

	



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 2021 ACM/IEEE International Conference on Human-Robot Interaction (HRI ’21 Companion), Boulder, CO, USA, 8–11 March 2021; pp. 298–302. [Google Scholar] [CrossRef]

	



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

	



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. J. Sleep Res. 2006, 15, 55–62. [Google Scholar] [CrossRef]

	



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. Chronobiol. Int. 2013, 30, 919–929. [Google Scholar] [CrossRef]

	



Cohen, J. The effect size. In Statistical Power Analysis for the Behavioral Sciences; Routledge: New York, NY, USA, 1988; pp. 77–83. [Google Scholar]

	



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, 26–29 November 2019; pp. 423–433. [Google Scholar] [CrossRef]

	



Jones, A.; Castellano, G.; Bull, S. Investigating the effect of a robotic tutor on learner perception of skill based feedback. In Social Robotics; Beetz, M., Johnston, B., Williams, M.-A., Eds.; Springer: Cham, Switzerland, 2014; Volume 8755, pp. 186–195. [Google Scholar] [CrossRef]

	



Alemi, M.; Meghdari, A.; Haeri, N.S. Young EFL Learners’ attitude towards RALL: An observational study focusing on motivation, anxiety, and interaction. In Social Robotics; Kheddar, A., Yoshida, E., Ge, S.S., Suzuki, K., Cabibihan, J.-J., Eyssel, F., He, H., Eds.; Springer: Cham, Switzerland, 2017; Volume 10652, pp. 252–261. [Google Scholar] [CrossRef]

	



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 2018 ACM/IEEE International Conference on Human-Robot Interaction, Chicago, IL, USA, 5–8 March 2018. [Google Scholar] [CrossRef]

	



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 2020 AMC/IEEE International Conference on Human-Robot Interaction, New York, NY, USA, 23–26 March 2020; pp. 409–418. [Google Scholar] [CrossRef]

	



Bluden, S.L.; Chapman, J.D.; Rigney, G.A. Are sleep education programs successful? The case for improved and consistent research efforts. Sleep Med. Rev. 2012, 16, 355–370. [Google Scholar] [CrossRef]

	



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. Oncol. Nurs. Forum 2007, 34, 393–402. [Google Scholar] [CrossRef]

	



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 Med. Rev. 2015, 24, 71–82. [Google Scholar] [CrossRef]

	



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. [Google Scholar] [CrossRef]

	



Lee, S.; Narendran, G.; Tomfohr-Madsen, L.; Schulte, F. A systematic review of sleep in hospitalized pediatric cancer patients. Psychooncology 2017, 26, 1059–1069. [Google Scholar] [CrossRef]

	



Itani, O.; Jike, M.; Watanabe, N.; Kaneita, Y. Short sleep duration and health outcomes: A systematic review, meta-analysis, and meta-regression. Sleep Med. 2017, 32, 246–256. [Google Scholar] [CrossRef]

	



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 Med. Rev. 2018, 39, 25–36. [Google Scholar] [CrossRef]

	



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. Psychooncology 2020, 29, 465–474. [Google Scholar] [CrossRef]

	



Leite, I.; Martinho, C.; Paiva, A. Social robots for long-term interaction: A survey. Int. J. Soc. Robot. 2013, 5, 291–308. [Google Scholar] [CrossRef]

	



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, AB, Canada, 2–6 August 2005; pp. 1338–1343. [Google Scholar] [CrossRef]

	



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, 11–14 March 2019; pp. 411–420. [Google Scholar] [CrossRef]

	



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 proiders. J. Psychosoc. Oncol. Res. Pract. 2022, 4, e073. [Google Scholar] [CrossRef]








[image: Cancers 14 03792 g001 550] 





Figure 1. Picture of the robot and set-up. 
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Figure 2. Examples of visual support by the tablet. © Illustrations by Patrizia D’Olivo. 
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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. 
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Figure 4. Ratings of the robot by children. 
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Table 1. Components of the interactive sleep education.
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Topics and Questions

	
Type of Interaction






	

	
Generic

questions

(n = 8)

	
Personalized

questions

(n = 6)

	
Activity

(n = 4)




	
Introduction and general talk about sleep

	

	

	




	
Hello, my name is Hero. What’s your name?

	
Speech (any)

	

	




	
Can you pick a character you like or that looks most like you?

	
Tablet

	

	




	
How do you sleep?

	
Tablet

	

	




	
1. Activities and screens before bedtime

	

	

	




	
What do you do before you go to bed?

	
Speech (any)

	

	




	
2. Consistent sleep routine

	

	

	




	
Do you have a consistent sleep routine before you go to sleep?

	

	
Speech (y/n/s)

	




	
Do you want to show me your sleep routine using the tablet?/

 Shall we make a sleep routine together on the tablet?

	

	
Speech (y/n)

	




	
Can you put the images in the order of your own sleep routine?/

 Can you put the images in an order that seems convenient to you?

	
Tablet

	

	




	
Break 1: co-creating

	

	

	




	
Could you applaud me? Just do in 3, 2, 1.

	

	

	
Participate




	
Could you cheer, as if you’ve just won a game? Just do in 3, 2, 1.

	

	

	
Participate




	
Could you let me hear how you snore? Just do in 3, 2, 1.

	

	

	
Participate




	
3. Sleep environment

	

	

	




	
What does your bedroom look like?

	
Speech (any)

	

	




	
Is your room dark when you go to sleep?

	
Tablet

	

	




	
4. Managing worries

	

	

	




	
When you go to bed, do you fall asleep easily?

	

	
Speech (y/n/s)

	




	
I sometimes have trouble falling asleep because I’m worried, and

 I have to think about it all the time. Do you ever experience that?

	

	
Speech (y/n/s)

	




	
Break 2: dancing

	

	

	




	
Shall we dance for a moment?

	

	

	
Participate




	
5. Daytime exercise

	

	

	




	
Exercise, like sports, playing outside or riding your bike can help you to sleep better. Do you exercise often?

	

	
Speech (y/n/s)

	




	
6. Food and drinks

	

	

	




	
I’m curious what food and drinks you think you shouldn’t take before you go to bed. Just click on them on the tablet.

	
Tablet

	

	




	
Goodbye

	

	

	




	
Did you enjoy our conversation as well?

	

	
Speech (y/n)

	








Note: y/n/s: yes/no/sometimes.
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Table 2. Participant characteristics (n = 28).
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	n
	%





	Age
	
	



	 8 years
	7
	25.0



	 9 years
	6
	21.4



	 10 years
	12
	42.9



	 11 years
	3
	10.7



	Sex
	
	



	 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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