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Background and aim: Elective surgery can be overwhelming for children, leading to pre-operative anxiety, which is associated with adverse clinical and behavioural outcomes. Evidence shows that paediatric preparation digital health interventions (DHIs) can contribute to reduced pre-operative anxiety and negative behavioural changes. However, this evidence does not consider their design and development in the context of behavioural science. This systematic review used the Theoretical Domains Framework (TDF) to evaluate the design and development of DHIs used to support children up to 14 years of age and their parents, prepare for hospital procedures, and determine any correlation to health outcomes. It also considered whether any behavioural frameworks and co-production were utilised in their design.



Methods: A search of the MEDLINE, EMBASE, PsycINFO, and HMIC databases was carried out, looking for original, empirical research using digital paediatric preparation technologies to reduce pre-operative anxiety and behavioural changes. Limitations for the period (2000–2022), English language, and age applied.



Results: Seventeen studies were included, sixteen randomised control trials and one before and after evaluation study. The results suggest that paediatric preparation DHIs that score highly against the TDF are (1) associated with improved health outcomes, (2) incorporate the use of co-production and behavioural science in their design, (3) are interactive, and (4) are used at home in advance of the planned procedure.



Conclusion: Paediatric preparation DHIs that are co-produced and designed in the context of behavioural science are associated with reduced pre-operative anxiety and improved health outcomes and may be more cost-effective than other interventions.



Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier: CRD42022274182.
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1. Introduction

Over 500,000 children undergo elective surgery in the United Kingdom annually, with nearly 80% of these being planned day surgeries where the child is admitted and discharged on the same day (1). Anaesthesia, the surgical process, and the hospital environment can be overwhelming for children and their parents, with both often experiencing fear, stress, and apprehension. These emotions are associated with pre-operative anxiety (2, 3).

Heightened pre-operative anxiety can lead to poor anaesthesia induction, an increased risk of emergence delirium, pain, inconsolable crying, irritation, incoherency, and uncooperativeness (4). These frequently negatively impact the child's short- and long-term post-operative psychological and physiological outcomes and can trigger behavioural changes. These include aggression, sleep disturbances, eating problems, a more painful prolonged recovery (5–7), and longer-term maladaptive behaviours such as fear of healthcare professionals and medical environments, avoidance of treatment, separation anxiety, and persisting negative memories of anaesthesia (8, 9), all of which affect healthcare burden and costs.

Various pharmacological and non-pharmacological interventions have been used to reduce pre-operative anxiety in children and improve post-operative psychological and physiological outcomes. Pharmacological interventions include anti-anxiety and sedative drugs, but these commonly cause adverse effects such as drowsiness and can interfere with anaesthesia medication (10). Non-pharmacological interventions traditionally include routine hospital and procedural preparation information, hospital tours, child life specialists, therapeutic play interventions, music therapy, parental presence, clowns, games, and colouring books (10, 11). While non-pharmacological interventions are popular, they are not all readily available and cost-effective and some, like parental presence, have yielded mixed results (3, 11, 12). In addition, many are used as a distraction rather than a pre-operative preparation intervention.

The use of pre-operative preparation interventions indicates that well-prepared children have reduced pre-operative anxiety and negative responses to surgery or medical procedures (13–16). Pre-operative preparation provides information about the planned procedure, hospital environment, and post-operative care and can encompass information on how to cope with emotions, stress, and anxiety (1). Bray et al. (17) and Fortier et al. (18) found that children wish to receive detailed pre-operative information, but it is frequently received through their parents, hampering their direct access and understanding. In addition, children want information that is engaging, easily accessible, and child-friendly. Digital health interventions (DHIs) such as audio-visual, video games, virtual reality (VR), computer or web-based programs or presentations, educational interactive multi-media applications, and smartphone, tablet, or computer applications (Apps) provide a platform for delivering child-friendly, engaging, and accessible pre-operative preparation information. Evidence (19–23) is growing into their use as pre-operative preparation for children and as an intervention to reduce paediatric pre-operative anxiety. However, this evidence does not consider the design and development of DHIs in the context of behavioural science.

Behavioural science is interested in aspects such as behavioural change, in this case, the design and development of paediatric preparation DHIs and their impact on children's emotional, behavioural, and clinical outcomes. Due to the lack of understanding between the preparation DHIs and behavioural change, this systematic review builds upon this research. It looks specifically at the design and development of paediatric preparation DHIs through the application of the Theoretical Domains Framework (TDF). It applies the 14 domains of the TDF to assess the components of DHIs and examines whether there is a correlation to improved outcomes. The TDF was developed from the synthesis of 33 behaviour change theories into a framework comprising 14 domains and 84 behaviour constructs, founded on the Behaviour Change Wheel (24). The Behaviour Change Wheel connects environmental and psychological factors to interventions, established on the COM-B system (Capability, Opportunity, Motivation, Behaviour) where behaviour is produced when capability, motivation, and opportunity interact (25). In building on the Behaviour Change Wheel, the TDF provides a validated framework, developed by behavioural scientists and implementation researchers, to evaluate behaviour change. It can be used to assess implementation issues, support intervention design, and analyse interventions (26).


1.1. Current literature

Children undergoing medical procedures, anaesthesia, and surgery experience significant psychological and physiological reactions. The unfamiliar environment, the equipment and routines, fear of separation, needles, and the medical procedure are well documented as sources of these negative reactions (27–29). These reactions lead to short- and long-term maladaptive behaviours such as irritation, aggression, incoherency, uncooperativeness, eating problems, and sleep disturbances (4) and fear of healthcare professionals or medical treatment (8, 9). In addition, they are associated with poor anaesthesia induction compliance (IC) (30), emergence delirium (5), increased need for sedation or rescue analgesia (31), and prolonged pain and recovery (5). To address these psychological and physiological reactions, research has been undertaken on the use of pharmacological and non-pharmacological interventions to reduce pre-operative anxiety.


1.1.1. Interventions to manage pre-operative anxiety

Pharmacological interventions include anti-anxiety and sedation medications, such as Midazolam, Fentanyl, Ketamine, and Clonidine. These are used as effective pre-operative anxiolytic and sedation medications in children, which reduce pre-operative nausea and vomiting, enable satisfactory separation from parents and anaesthesia induction, and reduced the need for post-operative analgesics (32–35). However, they are associated with an increased incidence of respiratory depression, drowsiness, agitation, and paradoxical reactions (32–35).

Due to these adverse side-effects, non-pharmacological interventions have increasingly been used to manage pre-operative anxiety. Research on the use of parental presence is mixed. Some papers suggest it has been used to provide reassurance and comfort, eliminate separation anxiety and reduce the need for medications, while other papers suggest it can increase anxiety if parents themselves are anxious (36–39). Distraction techniques such as videos, singing, reading, colouring, playing games, or controlled breathing are often used to reduce anxiety and shift the focus away from the procedure concerned or the pain experienced (40–43). In addition, complementary and alternative therapies and remedies such as music therapy, art therapy, hypnosis, and clowns (33, 37, 44), cognitive behavioural therapy (37), child life specialists (15), and therapeutic play interventions (45, 46) have shown positive impacts on reducing pre-operative anxiety, enabling self-regulation of emotions and behaviours and acting as a support for children and their families. Other non-pharmacological interventions include preparation programmes such as hospital and operating room tours including exposure to medical equipment and staff (37, 47). Many of these non-pharmacological interventions have a low risk of adverse effects and are minimally invasive (37), but not all are readily available and cost-effective, as they can be time-consuming, requiring staffing resources and planning (11, 12).

Within the last 20 years, there has been increased research into the use of digital technologies such as DHIs to manage pre-operative anxiety either through distraction (7, 48, 49) or through preparation (3, 11, 50, 51). These DHIs include audio-visual, computer games or video games, VR, computer or web-based programs or presentations, educational interactive multi-media applications, and smartphone or tablet applications. Their versatility in being able to tailor pre-operative information for different procedures and child ages, as well as incorporate virtual tours of the hospital environment and operating room, provide information on medical equipment and staff, and use exercises, games, or activities to support understanding and emotional self-regulation, have made them increasingly popular pre-operative preparation interventions. Consequently, this also aids in addressing the findings from research into what children and their parents want from pre-operative information, specifically child-centred, easily accessible, engaging, and informative information with coping strategies (17, 18, 21, 52). Various systematic reviews (6, 19, 20, 53) have been undertaken to consider the effectiveness of DHIs in managing pre-operative anxiety and improving health outcomes. These show that DHIs, as distraction and preparation programmes, can have a positive effect on reducing pre-operative anxiety and negative behavioural changes. However, they do not consider the design and development of DHIs. This is specifically in the context of behavioural science, which includes aspects such as behaviour change, which is important in improving healthcare and health outcomes (24). This systematic review aims to address this gap by using the TDF to assess the design and development of preparation DHIs and the impact on children's health outcomes.



1.1.2. Theoretical domains framework

The TDF provides a validated framework, developed to provide a more accessible and usable tool to support improving the implementation of evidence-based practice. By bringing together a range of behaviour theories and key theoretical constructs, a simple and integrated framework is provided to inform and assess intervention design and implementation (54). The TDF originally included 33 theories and 128 key theoretical constructs, which were later simplified into a framework comprising 14 domains and 84 behaviour constructs. The revised TDF has been validated for use in assessing implementation issues, supporting intervention design, and analysing interventions (26).

This study aimed to evaluate the design and development of paediatric preparation DHIs used to support children up to 14 years of age, and their parents, to prepare for hospital procedures, and to understand their impact on their health outcomes. The primary objective was to evaluate the design and development of paediatric preparation DHIs against the TDF and ascertain whether any behavioural frameworks and co-production were used. A secondary objective, and in the context of the previous systematic reviews (6, 19, 20, 53), was to consider, compared with standard care, the extent to which paediatric preparation DHIs influenced the children's emotional and/or behavioural responses, and/or any impact on their clinical status and/or healthcare utilisation. Specifically, this study was interested in whether there was any correlation between the evaluation of the development of paediatric preparation DHIs and the reported results.





2. Methods

The study protocol is publicly available under registration number CRD42022274182 on the International Prospective Register of Systematic Reviews (PROSPERO). The inclusion and exclusion criteria (Supplementary Table S1 in Appendix A) were built using the Population, Intervention, Comparison, Outcome, and Study (PICOS) framework, which is a well-established framework for developing research questions and inclusion and exclusion criteria (55, 56). The population for this review constituted children up to 14 years of age, and their parents, without any cognitive impairments, who were prepared for hospital treatment using a paediatric preparation DHI. Studies were excluded if the DHI was solely aimed at parents or healthcare professionals. Children were excluded if they were aged 15 years and above in order to focus the review on the use of DHIs in younger children and early adolescents. The DHIs needed to be educational and focused on preparation for the procedure, providing information about the hospital environment, medical equipment, and healthcare staff roles and responsibilities. The type of digital interventions was broad, including audio-visual, VR, smartphone or tablet or computer applications, computer or video games, and websites or online programs or games. Any non-digitised health interventions, self-management applications, or digital interventions aimed at distraction were excluded. The studies that were included were randomised control trials, non-randomised control trials, and quasi-experimental studies such as before and after evaluations, to ensure the assessment of original, empirical research. The studies also needed to compare the DHI with usual care or be a head-to-head comparison of two DHIs. All other study types were excluded.


2.1. Search strategy and data extraction

The OVID databases that were selected were MEDLINE, EMBASE, PsycINFO, and HMIC. A mix of keywords and Medical Subject Headings (MESHs) was used to search for themes. The search was carried out in February 2022 using the complete syntax with truncation for each database as outlined in Appendix B. Limitations were added for the period (2000–2022), English language, and age.



2.2. Study selection

The preliminary search returned 931 records; 363 duplicate records were identified, and 176 records were removed. A total of 730 records remained, and these progressed to the stage of title and abstract screening (57). Two reviewers screened titles and abstracts for the 730 records for eligibility against the PICOS, resulting in 655 articles for exclusion, 41 articles for stage full-text screening, and 34 conflicts. After consultation with a third reviewer, 17 (58–74) articles remained for full paper review. The Cohen's Kappa score (75) for the screened title and abstract was 0.682, with a 95% proportionate agreement, and for the full paper review, a score of 0.907 was obtained, with a 96% proportionate agreement, demonstrating substantial agreement among the reviewers. Figure 1 outlines the searching and screening process diagrammatically using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) (76) flow chart. Appendix C in the Supplementary material shows the full-text screening selection process questions.
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FIGURE 1
PRISMA flow chart (76) describing records obtained and reasons for exclusion.


Data relevant for extraction were considered against the aims and objectives of the review (77). Supplementary Table S2 in Appendix D sets out the data extraction fields. For any randomised control trials, version 2 of the Cochrane Risk of Bias tool for randomised trials (RoB2) (78) was chosen, given that it is the standard recommended for Cochrane Reviews. For any non-randomised control trials or included quasi-experimental study designs, the Critical Appraisal Skills Programme (CASP) (79) was chosen, given its wide use in systematic assessment of the relevance and results of research.

The synthesis and analysis were first assessed, on the basis of the degree of homogeneity (80, 81), in terms of four aspects: patient characteristics, the intervention and comparators of the studies, the reported outcomes and timeframes over which they were measured, and the similarity of the results. If homogeneity is determined to be insignificant and heterogeneity significant, then a narrative synthesis would be undertaken on the study and participant characteristics, findings from the quality assessment, and the measurements used and reported outcomes. To meet the primary objective of this review, an evaluation of the development (design) of the DHIs was also undertaken. The results were then used to determine any correlation to the evaluation of the DHI development and findings from the studies using a measure of effect. DHI descriptions were evaluated using the information provided within the relevant studies, and where this was insufficient, related articles were sought out. For some studies, no related information was available, and the DHIs were, therefore, assessed using only the information provided in the included paper.

The digital health interventions in the studies are aimed at changing behaviour to reduce pre-operative anxiety through education, information, and coping strategies. The TDF was chosen to evaluate the design and development of the digital health interventions within the context of behavioural science, as it is a validated tool for assessing implementation issues, supporting intervention design, and analysing interventions (24, 26, 82). The DHI evaluation was undertaken using a scoring system against a 16-domain framework. The 16 domains constituted the 14 domains from the TDF (24) and two additional domains. The definitions of the 14 domains from the TDF were adapted from Cane et al. (24) and Smalley et al. (82) with two additional domains added. The additional domains identified as relevant in assessing the development of the DHIs, and added to create a modified TDF, were


	1.input from one or more healthcare professionals, children, and parents, and

	2.use of any behavioural frameworks.



During pilot testing of the modified TDF against a few studies, it was decided that the TDF’s “social/ professional role and identity” domain was not applicable. This was attributed to its focus on the behaviours and displayed personal qualities in a social or work setting, whereas the TDF domains were being used to assess the design of digital intervention in respect of use by children and their parents. It was subsequently removed and the scoring for the evaluation of the DHIs was adjusted to be out of 15 domains.

For each domain in the modified TDF, the domain descriptions were used to develop a criteria checklist to guide the evaluation of the DHIs. The criteria checklist considered what information, activities, techniques, or actions the DHIs should incorporate to meet the domain descriptions. This was tested against a sample of the DHIs to refine the criteria checklist. Each DHI was then assessed against each domain criteria checklist and a score applied depending on whether the DHI fully met, partially met, or did not meet the requirements in the criteria checklist. Table 1 sets out the criteria checklist used to evaluate the DHIs against the modified 15-domain TDF. The scoring system applied to the 13 domains from the TDF was “1” if the DHI fully met the criteria, “0.5” if the DHI partially met the criteria, and “0” if either the DHI did not meet the criteria or insufficient information was provided. The scoring for the co-production domain (described in Table 1 as “input into the development of DHI”) was “1” if the paper evidenced development involved healthcare professionals, children, and parents, “0.5” if the paper evidence development only involved one or two of these groups, and “0” if the paper did not evidence involvement from these groups. The scoring applied to the domain for use of behavioural and/or design frameworks in DHI development was “1” if the paper explicitly evidenced their use and “0” if the paper did not evidence their use. The scores were summed to provide an overall score out of 15 for each of the DHIs in the included studies, with those scoring higher assumed to have optimal design and development through meeting more of the modified TDF domains. The scores were also summed to provide totals on how many of the DHIs scored fully (given a score of 1) or partially (given a score of 0.5) against each domain. These scores were then used to determine any correlation between the DHI designs and health outcomes.


TABLE 1 Theoretical and additional domains of the modified TDF demonstrated in the digital health interventions.
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To determine any correlation between the evaluation of the development of the DHIs and the reported outcomes, quantitative data was converted into a summary statistic. Specifically, this examined what outcomes were measured and how, whether there was a noticeable measure of effect, and how it correlated to the scoring from the DHI evaluation. To ensure that the data analysis met the requirement of systematic review transparency, established reporting guidelines were followed (83).

The effect size measure and direction was calculated where feasible using a standardised mean difference, Cohen's d, Glass's delta, and Hedges’ g (84), or other appropriate statistical calculations such as a Chi-square p-value calculation (85). Where data are presented in studies using median and interquartile range (IQR) and where there is no evidence of significantly skewed data, median and IQR was converted to an estimated mean and standard deviation (SD), using an online calculator (86) developed from research by Wan et al. (87), Lou et al. (88), and Shi et al. (89, 90). Where estimate mean and SD can be derived, the results were used to calculate the effect size. Similarly, where the mean is provided but not SD, SD was calculated using the RevMan Calculator (91), with the subsequent effect size also calculated. Table 2 outlines the scoring criteria to determine the direction of the effect.


TABLE 2 Scoring criteria to determine the statistically significant direction of effect.
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3. Results

A total of 17 studies were included in this review, of which 16 were prospective randomised controlled trials (59–74) and one was a before and after evaluation study (58). Of the randomised controlled trials, five were triple-arm parallel randomised control trials comparing the DHI with a control and comparator and one a Solomon four-group design. The rest were all two-arm parallel randomised control trials. The studies were carried out between 2002 and 2020. The publication dates ranged between 2015 and 2021 for 15 studies, with two published before this in 2005 and 2009. Supplementary Tables S5, S6 in Appendix E summarise the study characteristics, DHIs, and participant characteristics.

Homogeneity was observed in parts of the 17 studies. However, when examining the four key aspects that Brown and Richardson (81) consider are required to determine homogeneity, the overall assessment was that there was significant heterogeneity. This was notable in respect of participant age.


3.1. Study characteristics and DHIs

The studies were mostly conducted in developed countries, with three in the United Kingdom (58, 65, 72), two in Canada (59, 62), four in South Korea (60, 61, 63, 70), and one each in the United States (71), Thailand (64), Portugal (67), Turkey (66), the Netherlands (68), Italy (69), and Japan (73). The study by Dehghan et al. (74) was conducted in Iran. Study durations varied, with six studies being conducted over 8 months or less, eight being between 10 and 18 months, two at 20 and 23 months, respectively, and one not stating the duration. All DHIs were utilised pre-operatively. The length of the DHIs ranged from 344 s (66) to a maximum of 45 min (59), with four studies (58, 64, 65, 72) not stating the length and the rest being between 4 and 15 min.

The DHIs trialled in the studies are divided into four main types—VR (59–61, 63, 68, 70, 74), audio-visual presentations (64, 66, 69, 73), web-based programs or presentations (62, 65, 71, 72), and educational interactive multi-media applications (58, 67). All DHIs incorporated a tour or information, in varying levels of detail, about the hospital environment and equipment, but only 11 studies (58–61, 63, 66–68, 70, 71, 73) explicitly stated that the information included details of the staff involved. Of the seven studies using a VR-based DHI (59–61, 63, 68, 70, 74), Stunden et al. (59), Eijlers et al. (68), and Ryu et al. (70) incorporated interactive elements, with the rest being informational video tours. The DHIs by Bray et al. (58), Wright et al. (62), Wantanakorn et al. (64), Fernandes et al. (67), and Fortier et al. (71) also incorporated interactive elements such as games and chatbots.

Except for five studies (63, 67, 68, 73, 74), all other studies used usual care in the control group, and this comprised standard verbal information and/or information leaflets. Of those studies using usual care, four were three-arm parallel randomised control trials and involved a comparator, and these were a Child Life Program (CLP) (59), handwashing game (65), voice recording (66), and cartoon strip (72). Park et al. (63) used the same video tour for the control group but without the mirror display for parents to watch simultaneously as their child as used for the intervention. Fernandes et al. (67) used a video game as a comparator and no intervention as the control. Eijlers et al. (68) and Wakimizu et al. (73) used audio-visual tour/information as the control, with the latter being the same as for the DHI intervention group but only viewed once a week in advance of the procedure. Dehghan et al. (74) used parental presence as the control.

The setting for the studies was linked to where the intervention DHIs were used. The majority were used once in the hospital either on the day before the procedure (64, 69) or on the same day as the procedure (59–61, 63, 67, 68, 70, 72), with four of the same-day DHIs being one hour pre-operatively. Hatipoglu et al. (66) presented the DHI once, 1 week in advance of the procedure during hospital admission. The DHIs for the rest of the studies were used either at home (58, 62, 71) or both at home and in the hospital (65, 73), but for all five of these studies, the DHIs could be accessed by children and parents more than once. For the studies where the DHIs could be used at home, one (71) was made available a week before and up to 7 days after the procedure, three (62, 65, 73) were made available a week before the procedure, and one (58) 3 days before the procedure. It is unclear in the Dehghan et al. (74) study when the DHI was used relevant to the procedure, but it is assumed that the setting was in hospital post the randomisation of participants.



3.2. Participants

The total sample size across the 17 studies was 1,726 children, with sample sizes ranging between 40 and 200. The ages of the children ranged between 2 and 14 years, with three studies (65, 71, 73) including only younger children between the ages of 2 and 7 years. The reporting of sex across the studies was not consistent, with seven studies (59–62, 65, 68, 70) reporting the sex breakdown of only those included in the analysis and the rest reporting the sex breakdown of the children randomised. In total, of the sex breakdown reported, there were 980 males and 718 females. The only studies to report on child ethnicity were Wright et al. (62) and Fortier et al. (71). Eight studies (58, 59, 62, 64, 66, 67, 69, 73) included baseline information on the number of previous surgeries and/or hospitalisations by the children.

Inclusion criteria across all 17 studies were children within the studies specified age range, undergoing the relevant included procedures and without any cognitive impairments. Children were explicitly excluded from 11 studies (59–64, 67, 68, 70, 71, 73) with visual and/or developmental and/or auditory delays. Language was an exclusion in eight studies, with Stunden et al. (59), Wright et al. (62), Fortier et al. (71), and Campbell et al. (72) limited to English, Fernandes et al. (67) limited to Portuguese, Eijlers et al. (68) limited to Dutch, Liguori et al. (69) limited to Italian, and Wakimizu et al. (73) limited to Japanese. A history of seizures or epilepsy was an exclusion criterion in six (59–61, 63, 68, 70) of the seven VR DHIs, with Dehghan et al. (74) stating the only exclusion as “stress or special problems in using eyeglass or headphone in [virtual reality exposure therapy]” (p. 3).

Parents were included in 10 studies (58, 59, 62, 63, 65, 67, 68, 70, 71, 73). Six studies (58, 65–68, 71) reported baseline information on the educational socioeconomic status of the child's parents. Fortier et al. (71) also included information on parental income. Parental age was reported in seven studies (62, 65–67, 69, 71, 73) and parental ethnicity was reported only by Wright et al. (62).

The procedures that the children were undergoing across the studies were mostly for surgery, including elective and ambulatory surgery (60–63, 66–71, 74). The types of surgery differed across the studies, but the most noted were otolaryngology; ophthalmic; orthopaedic; dental; ear, nose, and throat (ENT); urology; herniorrhaphy; and tonsillectomy. The other procedures included tooth extractions (65, 72), magnetic resonance imaging (MRI) (59), and bone marrow aspirations (64). Bray et al. (58) included children undergoing both invasive (surgery, cannulation, and blood tests) and non-invasive procedures (x-ray or ultrasound). Wakimizu et al. (73) included only children undergoing herniorrhaphy.



3.3. Assessment of DHI development

There were 15 unique DHIs across the 17 included studies, with the same DHI used in three (60, 61, 63). The DHIs were scored against the 15 domains in the modified TDF, where 1, 0.5, or 0, respectively, meant that it either fully, partially, or did not demonstrate the domain. Supplementary Table S7 in Appendix F provides the results of the DHI assessment against the 15 domains in the modified TDF, while Table 3 offers a commentary for each.


TABLE 3 Further details on the m-TDF assessment.
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TABLE 4 
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3.4. Overview of the domains met in DHIs

None of the 15 domains was fully evidenced across all the DHIs, with 35% evidencing eight or more domains and 65% evidencing seven or fewer domains. The DHIs by Wright et al. (62) and Fortier et al. (71) fully evidenced the most domains, with 13 met in each. The first nine domains outlined in Table 3 were met in each of these three studies, with differences occurring in the remaining six domains, namely, intentions, goals, social influence, optimism, co-production, and use of a behaviour framework. Stunden et al. (59) scored the next highest fully evidencing 11 domains, meeting the first nine and those for intentions and goals. Ryu et al. (70) scored the next highest, fully evidencing 10 domains, with all but that for emotion in the first nine being met, as well as goals and optimism. Dehghan et al. (74) did not evidence any domains fully, and the DHIs used by Huntington et al. (65), Campbell et al. (72), and Wakimizu et al. (73) fully evidenced only one domain and two domains each, respectively. This was attributed to insufficient information, as opposed to simply not meeting the domain. The remaining DHIs varied, with between three and nine domains fully evidenced. On average, the DHIs fully met 5.4 domains with a standard deviation of 4.17 and partially met 2.5 domains with a standard deviation of 1.19.


3.4.1. Domains for knowledge, beliefs about consequences, and environmental context and resources

The highest scoring modified TDF domains were for knowledge, beliefs about consequences, and environmental context and resources, with these being fully evidenced in 13, 11, and 10 DHIs, respectively. The domains for knowledge and environmental context and resources were the only two domains to have either been fully or partially evidenced for all 15 DHIs. The belief about consequences domain was fully or partially evidenced for 14 DHIs. Two DHIs did not fully meet the domain for knowledge. Liguori et al. (69) provided information on the operating room and equipment, lacking detail on the staff involved and the wider hospital environment, including what to expect before and after the procedure. Dehghan et al. (74) simply stated that “[the DHI] presented the simulated steps of going to operation room … [with] simulated sounds …” (p. 3). It was, therefore, deduced that while some information on the hospital environment was provided, insufficient detail was available on the whole experience and what elements were contained within the simulated steps to score fully. For the same reasons, these two studies were two of the five DHIs not fully meeting the domain for environmental context and resources. In contrast, Wantanakorn et al. (64), Huntington et al. (65), and Campbell et al. (72) all scored fully on knowledge but partially on environmental context and resources. Compared with the other 10 DHIs, the information in these DHIs lacked a wider environmental context and less detailed descriptions of all resources involved in the procedure.

The criteria to assess the beliefs about the consequences domain were dependent on the level of information provided to create an understanding of what the child would experience. Of the 15 DHIs, this domain was evidenced fully in 11, partially in three, and inconclusively in one. The DHIs scoring fully (58–64, 66–68, 70–72) either gave a step-by-step guide of what would happen, what and who were involved, and often what feelings or experiences may occur or used level progression or interactive games to check understanding. The three DHIs (69, 73, 74) scoring partially provided some information on what would happen but lacked information on feelings or experiences. Insufficient information was available on the Huntington et al. (65) DHI to score this domain.



3.4.2. Domains for optimism, intentions, goals, and social influences

The lowest scoring modified TDF domains were for optimism, intentions, and goals, with these being fully evidenced in 1, 2, and 3 DHIs, respectively. They were equally the lowest to score either fully or partially for all DHIs at 3, 5, and 4, respectively. The optimism domain was assessed on the basis of the inclusion of rewards or attainments in the DHI. It scored the least across all DHIs, with one (70) scoring fully because of awarding health points when the child advanced through the DHI levels and two (59, 71) scoring partially, as they separately incorporated level attainment and a completion certificate. The domains for intention, goals, and social influences were the next lowest scoring across all DHIs. Intentions were assessed on the basis of whether the DHI utilised feedback or rewards, goals if specific actions or behavioural changes were integrated, and social influences on whether something was aimed at parents or whether it used familial exposure or famous characters. The use of interactive real-time feedback to enable level progression and specific behavioural components scored two DHIs fully (59, 62), whereas the use of breathing or coping exercises partially scored three DHIs (64, 70, 71) for intention. The goals domain scored fully in three DHIs (59, 70, 71) that utilised feedback, level progression, and/or rewards and partially in one DHI (72). The social influences domain scored fully in four DHIs, with two specifically including a parental element in the DHI (62, 71) and two (58, 68) requiring parental involvement more broadly. Three DHIs scored partially on social influence either using famous characters (60, 61, 63, 70) or addressing parental separation (67).



3.4.3. Domains for skills, reinforcement, emotion, behaviour regulation, beliefs about capabilities, and memory, attention, and decision processes

Except for emotions, these domains appertain to building skills or techniques to address behaviour and emotions, with this being achieved through interactive elements such as games, exercises, or activities. Emotion is linked both as a contribution to, and an outcome of, these domains. The scoring for the remaining modified TDF domains was mixed across the DHIs. The skills and reinforcement domains were evidenced fully in the same seven DHIs (58, 59, 62, 64, 67, 70, 71), as they integrated interactive games or actions, building skills, and understanding. However, five DHIs partially evidenced skills because of including modelling videos such as breathing exercises (65, 66) or information (68) or activities (72) or those that could be viewed multiple times (73), while only Wakimizu et al. (73) partially evidenced reinforcement. The domains for emotion, behavioural regulation, and beliefs about capabilities all scored fully in six DHIs, with the score being the same for four of them (58, 59, 62, 71). The full scoring DHIs for the other two in each of these domains differed, with Wantanakorn et al. (64) and Ryu et al. (70) fully evidencing behavioural regulation and beliefs about capabilities and Fernandes et al. (67) and Eijlers et al. (68) fully evidencing emotion. The domain for memory, attention, and decision processes scored fully (59, 62, 67, 70, 71) and partially (58, 66, 68, 69, 73) for five DHIs each.



3.4.4. Domains for co-production and use of behaviour frameworks

Of the 15 DHIs, 11 reported the design that involved co-production, with the remaining four (66, 69, 72, 74) not stating anything. The use of co-production to design and/or test the DHI with healthcare professionals, parents, and children occurred for five DHIs (58, 62, 65, 71, 73). Partial co-production with healthcare professionals and testing with children occurred for three DHIs (64, 67, 68) and with only healthcare professionals for two DHIs across four studies (59–61, 63, 70). The use of a behaviour framework was applied in the development of four DHIs across six studies (58, 60, 61, 63, 67, 71). Insufficient information was commonly the reason for the remaining six DHIs scoring 0 in this domain.




3.5. Study measurements, outcomes, and direction of effect calculations

All studies assessed the outcomes of the intervention, with these being self-reported by children and parents, observed by clinicians or researchers, or extracted from medical records. The primary and secondary outcomes included assessments across five categories:


	1.emotions and feelings,

	2.behavioural responses,

	3.physiological responses,

	4.clinical status, and

	5.assessment of the DHIs’ usability, satisfaction, and/or knowledge.



Supplementary Table S9 in Appendix F outlines the assessment types used in each category and the studies in which they were applied. These are further divided within these categories where feasible to show results with an effect and no effect for children and parents, with observations noted between the study findings and the assessment results of the DHI. Supplementary Table S10 in Appendix F provides details of the primary and secondary outcome measures for each study, including when and how the outcomes were measured. The table includes, where feasible, the results of the effect size calculations and the main findings. This information is summarised in the following sections.


3.5.1. Emotions and feelings

Emotions and feelings were assessed using 10 different measures across 11 studies (58, 59, 62–65, 67, 68, 71–73), with most of these studies using a visual analogue scale (VAS) or the State-Trait Anxiety Inventory (STAI).


3.5.1.1. Effect demonstrated

Bray et al. (58) revealed that the child's self-reported VAS trait and state anxiety before the procedure were comparable between the DHI group (DHIG) and the control group. No significant difference or effect was found in either the trait (p = 0.85, d = 0.07) or the state (p = 0.54, d = 0.14) anxiety between groups. State anxiety on arrival at the hospital was significantly lower in the DHIG with a negative medium effect (p = 0.008, d = 0.61) compared with that in the control group. Similarly, Wantanakorn et al. (64) revealed that self-reported anxiety VAS scores significantly changed from one hour before the intervention (p = 0.82) to after its application (p = 0.012) within the DHIG, with a negative medium effect (d = 0.6). This suggests that the DHIs positively impacted levels of anxiety in these two studies. It is noted that both DHIs included interactive elements and scored fully in the domains for behavioural regulation, beliefs about capabilities, and reinforcement. However, Wantanakorn et al. (64) only partially scored for co-production and provided no evidence of the use of a behavioural framework, whereas Bray et al. (58) scored fully in both of these domains. Wright et al. (62) showed that parental self-reported STAI for trait anxiety (STAI-T) was similar between the DHIG and the two control groups 1 week before the procedure (d = 0 and d = 0.03). Parental self-reported state anxiety (STAI-S) increased pre-procedure and decreased post-procedure but with a notable increase in anxiety in the DHIG compared with that in the two control groups. A medium positive effect occurred between the DHIG and control group 1 (d = 0.58) and a small positive effect between the DHIG and control group 2 (d = 0.48) pre-procedure, changing to a small positive effect compared with control group 1 (d = 0.43) and no effect compared with control group 2 (d = 0.15) post-procedure. Fernandes et al. (67) assessed child worry and feelings by using the Child Surgery Worries Questionnaire (CSWQ) and Self-Assessment Manikin (SAM). The CWSQ results showed that children in the DHIG had significantly lower mean levels of worry compared with the two controls (no intervention and video game) across all parts of the questionnaire (p < 0.001). This translated into a large negative effect between the DHIG and each of the controls. In addition, the video game control group had lower levels of worries compared with the no intervention control group. SAM results showed no significant differences in valence (calmness) or arousal (happiness) between the groups before and after the interventions. Despite this, a small effect (d = 0.25) was calculated between the DHIG and control group 1 for valence post-intervention. For arousal in the DHIG compared with the control groups, a small effect occurred pre-intervention (d = 0.20 and d = 0.4) and a medium effect post-intervention (d = 0.53, d = 0.64). Parental anxiety in the DHIG was significantly lower with a negative medium effect compared with that in control group 1 (p = 0.033, d = 0.53) but comparable with no effect compared with that in control group 2 (d = 0.08). This DHI was developed using a behavioural framework and co-production with children and healthcare professionals. It also met the modified TDF domains for emotion and reinforcement, scoring fully across seven domains. Fortier et al. (71) parental self-reported STAI anxiety was significantly lower (p = 004) in the DHIG than in the control group pre-procedure and post-intervention, with a medium negative effect (d = 0.65). Anxiety remained lower in the DHIG at separation but was not statistically significant and had a small negative effect (d = 0.25). Wakimizu et al. (73) showed child anxiety using the Wong–Baker Faces Scale (FACES) at seven time points from before intervention (baseline) to 1 month after the procedure. The results show that children in the DHIG had lower anxiety at all time points compared with those in the control group. However, a clear small effect occurred only pre-operatively (d = 0.45) and 1 month after the procedure (d = 0.27), and a partial small effect occurred at 1 week after the procedure (d = 0.2). Wakimizu et al. (73) also found that parental anxiety using the STAI was lower in the DHIG at all time points with a negative medium (d = 0.60) effect post-operatively and a negative small effect (d = 0.23) at 1 week after the procedure, and all other time points showed no effect. Campbell et al. (72) found self-reported child VAS anxiety scores comparable (p = 0.790) before the intervention across all three groups (usual care control group 1, cartoon control group 2, and web-based click-through presentation DHIG). However, during induction and recovery, the observer-rated child VAS to determine anxiety levels shows a decrease in anxiety across all groups over time. A significant change was noted between the DHIG and control group 1 at induction (p = 0.014) and between the DHIG and control group 2 at recovery (0.016). The effect could not be calculated because of a non-normal distribution of data. While the results of these two studies suggest that the DHI had some impact, albeit a small effect for Wakimizu et al. (73), it is noted that both scored poorly against the modified TDF, meeting two domains fully and four and three domains only partially. Neither was the DHI interactive nor did it include aspects related to emotions or behavioural regulation. Park et al. found that the Numerical Rating Scale (NRS) for parental anxiety decreased significantly (p = 0.009) in the DHIG post-intervention and with a negative medium effect (0.67).



3.5.1.2. No effect demonstrated

Stunden et al. (59) found no change in child anxiety before the use of the three group interventions and after the MRI simulation, with control group 1 using the Standard Preparatory Manual (SPM), control group 2 using the CLP, and the DHIG using VR-MRI. The results before preparation were SPM (median 0, IQR 1, SD 1.521); CLP (median 0, IQR 0, SD 1.240); and VR-MRI (median 0, IQR 1, SD 1.311) and those after MRI simulation were SPM (median 0; IQR 1, SD 1.738); CLP (median 0, IQR 0, SD 0.468); and VR-MRI (median 0, IQR 1, SD 0.434). It is noted that median anxiety levels increased slightly in the SPM group after preparation (median 1, IQR 2, SD 2.311) compared with CLP (median 0, IQR 0, SD 1.350) and VR-MRI (median 0, IQR 1, SD 0.819). In contrast to child anxiety levels, Stunden et al. (59) found no significant difference in parental anxiety across the three time points, although it did increase from before to after preparation and decreased again after the MRI simulation in both control groups. Of interest to these findings is that this study scored highly against the modified TDF despite not demonstrating the use of a behavioural framework; however, the RoB2 results were high due to the potential for allocation sequence knowledge, potentially influencing the results. Huntington et al. (65) also found no change in child anxiety using the Facial Image Scale (FIS) over time, with the results comparable among all three groups, with control group 1 using usual care, control group 2 using a handwashing game, and the DHIG using a web-based click-through presentation. Eijlers et al. (68) found no significant difference in child self-reported VAS anxiety between the DHIG and the control groups at all four time points, measured before the intervention (p = 0.407) and after (p = 0.753, p = 0.735, p = 0.727). Likewise, self-reported STAI and observed VAS parental anxiety were comparable between the control group and the DHIG immediately after child induction with no effect observed in the STAI results (d = 0.01). Campbell et al. (72) parent-reported Modified Child Anxiety Scale (MCDAS) scores indicated higher child anxiety levels than those self-reported by children but were not statistically significant among the three groups.




3.5.2. Behavioural responses

Behavioural responses were assessed using 11 different measures across 12 studies (60–66, 68–71, 74). All these 12 studies measured behaviour change using the Yale Preoperative Anxiety Scale (YPAS), with 11 of these using a modified YPAS (m-YPAS). Three studies (60, 68, 71) measured Paediatric Anaesthesia Emergence Delirium (PAED) and four studies (61–63, 70) measured IC.


3.5.2.1. Effect demonstrated

The DHIs used by Wright et al. (62) and Fortier et al. (71) were both web-based programs available for multiple uses in the week before the child's procedure at home. Both DHIs scored fully for co-production and use of a behavioural framework. Wright et al. (62) observer-rated m-YPAS child anxiety scores were lower in the DHIG [I-Paediatric Preparation Programmes (PPP)] than in the two control groups (usual care and I-PPP + parent). This correlated to a small negative effect (d = 0.24) between the I-PPP and the usual care groups in the holding area and to a medium negative effect (d = 0.53) and small negative effect (d = 0.34) between the DHIG and the usual care and I-PPP + parent groups, respectively. The lower anxiety levels in both the I-PPP and the I-PPP + parent groups to the usual care group suggest that the DHI positively impacted anxiety levels. When considered against the higher parental anxiety STAI-S scores in the control groups, it was possible that parental anxiety may have impacted child anxiety. Fortier et al. (71) found a significant difference in observer-rated m-YPAS child anxiety scores across groups and time. At separation to the operating room scores were comparable among groups, but in the DHIG, anxiety decreased at the entrance to the operating room (p = 0.02, d = 0.59) and again considerably during induction (p = 0.01, d = 0.63). Parental STAI anxiety scores followed a similar trend to that of the children. The DHI used by Hatipoglu et al. (66) was a video viewed once, a week before the procedure in the hospital. Compared with the two control groups (usual care and voice recording), observer-rated m-YPAS child anxiety was significantly lower in the DHIG (p < 0.001). A large negative effect was calculated between the DHIG and the control groups, respectively (d = 3.34, d = 0.822). The DHIs used by Wantanakorn et al. (64) and Liguori et al. (69) were used the day before the child's procedure. Both studies showed a significant decrease (p = 0.001, p = 0.009) in observer-rated m-YPAS child anxiety after the use of the DHI in the DHIG compared with the control group. A medium negative effect (d = 0.6) and large negative effect (d = 0.9) were calculated. Ryu et al. (60, 61, 70) and Park et al. (63) measured pre-operative child anxiety using the Korean m-YPAS. All these studies found a significant difference (p = 0.022, p < 0.01, p < 0.001, and p = 0.025, respectively) between the DHIG and the control group after the use of the DHI 1 h before the procedure, with negative effects of small (d = 0.47) and large (d = 0.80) in the first two. The effect could not be calculated for Ryu et al. (70) and Park et al. (63) because of the non-normal distribution of data. Dehghan et al. (74) reported that child anxiety was significantly different in all domains, except in arousal, in the two DHIGs. No effect size could be calculated because of the nature of the reported data. For induction behaviour and compliance, Ryu et al. (61) found significantly lower Procedural Behaviour Rating Scale (PBRS) scores during induction in the DHIG (p = 0.01). Ryu et al. (61, 70) and Wright et al. (62) measured induction compliance using the Induction Compliance Checklist (ICC). A higher compliance was found in the DHIG than in the control groups (d = 0.86, d = 0.52, d = 0.54). Fortier et al. (71) measured emergence delirium using the PAED and found that it was significantly lower in the DHIG (p = 0.04), with a small negative effect (d = 0.45). Post-operative behaviour was measured by Hatipoglu et al. (66) using the Post-Hospitalisation Behaviour Questionnaire (PHBQ) 7 days post the procedure. They found a significant difference (p < 0.001) between control group 1 (usual care) and both control group 2 (voice recording) and the DHIG. The effect size between the DHIG was large to control group 1 (d = 2.049) and small to control group 2 (d = 0.31). In addition, they showed that anxious children had a 1.03 times greater risk of adopting negative post-operative behaviours.



3.5.2.2. No effect demonstrated

Eijlers et al. (68) found no significant differences in self-reported or observer m-YPAS anxiety scores between the DHIG and the control group after intervention use on the same day, with results comparable across all time points. Equally, no effect was noted where it could be calculated because of the normal distribution of data, with d = 0.02 at admission before intervention and d = 0.01 in the holding area after the intervention. Although the intervention was used a week before the procedure, Huntington et al. (65) found no significant difference in m-YPAS child anxiety scores between the DHIG and the two control groups overall. A small positive effect (d = 0.21) was calculated between the DHIG and control group 2 (handwashing game) both pre- and at induction. For induction behaviour and compliance, Ryu et al. (70) found PBRS scores during induction comparable between the groups (p = 0.92). Huntington et al. (65) found no difference in induction behaviour using observer-rated VAS between the DHIG and the control groups, correlating with no effect (d = 0, d = 0.08). Park et al. (63) ICC results found compliance similar between the groups (d = 0.07). Ryu et al. (60) and Eijlers et al. (68) also measured emergence delirium. Both found no significant difference in PAED scores between the DHIG and the control group (p = 0.719, p = 0.266). For behaviour, Ryu et al. (60) used the PHBQ-AS at one and 14 days post-operatively, finding no significant difference (p = 0.671, p = 0.329) among children in the two groups. Eijlers et al. (68) used the Child Behaviour Checklist (CBCL) at admission, and no statistical significance was found between the groups (p = 0.251).




3.5.3. Physiological responses

The study by Fernandes et al. (67) was the only one to measure physiological changes before and after the intervention and also after the SAM measurements. Blood pressure was similar, with no effect among all three groups, although mean values were lower in the DHIG. The heart rate was similar between the control groups and lower in the DHIG, with a small negative effect pre-intervention (d = 0.45, d = 0.36) increasing to a medium negative effect post-intervention (d = 0.53, d = 0.63) in the DHIG compared with the control groups.



3.5.4. Clinical status

Clinical status was assessed in five studies (59, 64, 65, 68, 71) with measures including pain level, length of stay, medication usage, head movement in MRI simulation, and MRI preparation and assessment time. Child pain was measured by Eijlers et al. (68) using the observer-rated Face, Legs, Arms, Cry, Consolability scale (FLACC) in recovery, and the Parents’ Postoperative Pain Measure (PPPM) at home, and Fortier et al. (71) used an NRS. No statistical significance was found in any of these measures between the DHIG and the control group in both studies, with the results being p = 0.410, p = 0.454, and p = 0.30, respectively. For patient flow, Huntington et al. (65) measured anaesthetic induction time, recovery time, and ward time, finding no significant difference among the three groups. However, the DHIG had a slightly longer recovery time than control group 2 (handwashing game) with a small positive effect (d = 0.31) and spent less time on the ward compared with control group 1 (usual care) with a small negative effect (d = 0.28). Fortier et al. (71) similarly found no significance between the groups for surgery (p = 0.708) or recovery (p = 0.26) time. Medication usage for analgesic consumption was recorded by Fortier et al. (71) and Eijlers et al. (68) and for sedative drugs by Wantanakorn et al. (64), with all of them finding no significant difference between groups overall. Eijlers et al. (68) found that DHIG children undergoing an adenoidectomy and tonsillectomy needed significantly less rescue analgesic compared with the control group (p = 0.002, d = 0.46), and overall, a small effect (d = 0.22) was calculated between the need for rescue analgesia in the DHIG compared with the control group. Stunden et al. (59) used head movement in the MRI simulation to determine success with a threshold of 3–4 mm. They found no statistically significant difference in the number of participants scoring above the threshold (p = 0.07) nor among the three groups (p = 0.27). The chi-square p-value effect calculated a small effect (d = 0.43) in average successful MRI and a small negative effect (d = 0.26) between the groups, with the DHIG (VR-MRI) being on average less successful at 30% compared with control group 1 (SPM) at 47% and control group 2 (CLP) at 50%. Preparation time and assessment time were measured in minutes. Preparation time between the groups was significantly different (p < 0.001) and had a medium effect size (η2 = 0.57), with the DHIG preparing the longest on average at 22.05 min. However, assessment time was comparable across the groups with no significant difference (p = 0.13).



3.5.5. Assessment of the DHIs’ usability, satisfaction, and/or knowledge

DHI usability, satisfaction, and/or knowledge and understanding were assessed using seven different measures across eight studies (58, 59, 61–63, 65, 70, 73). Bray et al. (58) measured procedural knowledge and satisfaction of children and parents or caregivers using the VAS. Procedural knowledge was measured 3–5 days before the procedure and on arrival at the hospital, increasing significantly for both children (p < 0.001) and parents or caregivers (p = 0.01) in the DHIG compared with the control group. The calculated effect was positively large for children (d = 1.11) and positively medium (d = 0.59) for parents and caregivers. Procedural satisfaction in children and parents was not statistically significant (p = 0.10 and p = 0.72) but was higher in the DHIG than in the control group, with a small positive effect in children (d = 0.37). Stunden et al. (59) measured child satisfaction using the VAS and found that children in control group 2 (CLP) and the DHIG (VR-MRI) were on average more satisfied than children in control group 1 (SPM) at 90%, 80%, and 73.5%, respectively. Huntington et al. (65) measured parental satisfaction using the VAS, reporting results only for those scoring 9 or 10 across the three groups, but they found no difference with the scores comparable. In addition, Huntington et al. (65) evaluated treatment by applying the Treatment Evaluation Inventory 48 h after the procedure and found that the DHIG had a higher odds ratio (OR) for satisfaction relative to control group 1 and control group 2 for whether they found the information helpful for their child to handle the visit (OR = 12; 95% CI 4.7–32, p < 0.001 and OR = 8.2; 95% CI 3–22, p < 0.001) and whether it improved their child's ability to cope (OR = 21; 95% CI 8–56, p < 0.001 and OR = 13; 95% CI 5–34, p < 0.001). Ryu et al. (61, 70) used an NRS to measure parental satisfaction and found no significant difference between the DHIG and the control group (p = 0.198, p = 0.268). Park et al. (63) did find a significant difference in NRS scores for parental satisfaction (p = 0.008). Wright et al. (62) measured parental satisfaction using the Client Satisfaction Survey and found that parents in control group 2 (I-PPP + parent) were more satisfied than their counterparts in control group 1 (SPM) and the DHIG (I-PPP). With regard to the DHIG, a small positive effect (d = 0.20) was calculated against control group 1 and a medium negative effect (d = 0.50) was calculated against control group 2. Stunden et al. (59) assessed how fun children found the interventions using the Smilyometer, with children in control group 1 (SPM) finding it “okay” and those in control group 2 (CLP) and the DHIG (VR-MRI) finding it “really good”. They also assessed parental usability of the interventions using the Usefulness, Satisfaction and Ease of use (USE) questionnaire. No significant difference was found among the three groups, with control group 1 agreeing that it was somewhat useful but easy to use and learn and control group 2 and the DHIG agreeing that it was useful, easy to use, and learn. Bray et al. (58) used a 5-point Likert scale to measure self-reported child procedural involvement and a tick-box form against the parts of the App that the children looked at and liked. They found procedural involvement slightly higher in the DHIG than in the control group (p = 0.03), and of the 20 children who completed the form, they liked the different components. Wakimizu et al. (73) used a 4-point scale to measure parental satisfaction in the DHIG and found that the majority (n = 66, 91.7%) were satisfied.




3.6. Risk of bias assessment

The risk of bias across the 16 randomised control trials was generally concerning, with 68.8% having an overall result of some concern (60–63, 65–70, 73) and 31.1% an overall result of high risk (59, 64, 71, 72, 74). Risks were linked to the process for randomisation or the inability to confirm whether a pre-specified analysis plan was finalised before the results were unblinded for analysis. Figure 2 provides an overall summary of bias as a percentage for the six domains.
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FIGURE 2
Risk of bias results as a percentage.


Figure 3 provides a breakdown of the risk of bias for each study against the six domains, namely randomisation process (D1), deviations from intended interventions (D2), missing outcomes data (D3), measurement of the outcomes (D4), selection of the reported results (D5), and overall bias.
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FIGURE 3
Risk of bias assessment for each included study.


All studies used a random group allocation sequence, with this being computerised in eight studies (60–63, 66, 67, 70–72). The method of randomisation varied in the rest of the studies, including drawing lots, using concealed envelopes, allocating on bed numbers, or using an allocation ratio. Randomisation process bias (D1) for seven studies (60–65, 67) was low, with this being attributed to confirmed allocation sequence concealment and no noted baseline differences among the groups to suggest problems. Conversely, seven studies (66, 68–70, 72–74) were determined as having some concern due to insufficient information on the allocation sequence concealment but no notable baseline differences among the groups. Dehghan et al. (74) provided insufficient information to determine whether baseline differences among the groups suggested a problem with the randomisation process. Due to the potential for allocation knowledge to influence participant bias, the studies by Stunden et al. (59) and Fortier et al. (71) were determined to have a high risk of randomisation process bias, as both confirmed that blinding to allocation was not possible.

Bias due to deviations from intended interventions (D2) was low across 50% of studies. Of the five studies considered to have some concern of bias in this domain, three (59, 62, 63) were attributed to insufficient information on deviations from intended intervention groups. Ryu et al. (61) had one deviation from the DHI group due to dizziness using the VR, although the child was not reassigned and was excluded from the analysis. Fernandes et al. (67) reassigned 15 children after randomisation because of ethical concerns over children sharing the same ward and being in different groups. The potential bias from this change in the group was deemed to be of some concern but not high risk, as participants were unaware of their group allocation until receiving the intervention. Wantanakorn et al. (64), Campbell et al. (72), and Dehghan et al. (74) were considered at a high risk of bias in this domain because of insufficient information to determine whether participants, carers, and people delivering the interventions were aware of group assignment, whether any deviations from the intended groups occurred, and whether an appropriate analysis was used to estimate the effect of assignment to intervention.

Bias due to missing outcome data (D3) was low across 88% of the studies and considered high for two studies. Ryu et al. (60) excluded three participants from analysis because of a data collection failure, and given the small sample size, it was considered that this could have impacted the outcomes, thus having a potentially high risk of bias. Dehghan et al. (74) provided insufficient information on whether data were available for all or nearly all participants, thus also having a higher risk of bias.

Bias for measurement of outcome (D4) was deemed low in 50% of studies (60, 61, 63, 65, 66, 68, 70, 71) as the same appropriate outcome measures among the groups were used and the outcome assessors were blinded. In contrast, 43.8% of studies either provided insufficient information to conclude whether the outcome assessors were blinded (67, 69, 73) or provided evidence to suggest that they were not blinded (59, 62, 64), resulting in some concern of bias. Campbell et al. (72) likewise had some concern of bias in this domain, but this was due to an inability to align the sample size in the result data, meaning insufficient information was provided to decide whether measurement or ascertainment of the outcome differed among the groups. Although the same appropriate measures were used for the outcomes among the groups in Dehghan et al. (74), insufficient information was provided to determine whether the outcome assessors were blinded. As a knowledge of group interventions could lead to bias, and it was not possible to determine whether it was likely that the outcomes could have been influenced by this knowledge, it was considered that this study was at a high risk of bias.

Most studies (68.8%) had some concern for bias in D5 “selection of the reported results”. This was due to an inability to confirm whether the outcome data were analysed following a finalised pre-specified analysis plan before unblinded outcome data were made available for analysis. This according to Cochrane RoB2 guidelines (94) means that there is an unclear risk for reporting bias. For 10 studies (62, 64–67, 69, 71–74), a trial protocol was not obtained, and although the studies generally set out the analysis plan, it was not viable to confirm whether it was finalised before unblinded analysis. Five studies had a low risk of bias in this domain, with four (60, 61, 63, 70) due to a finalised pre-specified analysis plan being reported in the trial protocol and one (68) due to the analysis plan being followed and the outcome assessors being blinded.

Medical trials entail a comprehensive understanding of clinical ethics, with those involving children complicated by stricter standards than those involving adults (95). In addition, paediatric medical trials entail a careful balancing of benefit against risk and a consideration of the evolving stages of a child's development and an informed parental, often family-centred, decision making (96). These stricter ethical standards and requirements, together with fewer eligible participants, result in paediatric medical trials being more challenging and less frequent (95, 97). The outcome is that paediatric medical trials are often not supported by class I evidence, having a higher probability of bias and lower external validity. These issues correlate with the studies included in this systematic review and the overall higher risk of bias.




4. Discussion

DHIs are increasingly being used to prepare children and their parents for hospital procedures, aiming to reduce pre-operative anxiety and improve health outcomes. It is evidenced that well-prepared children are associated with reduced pre-operative anxiety and that DHIs can be an effective preparation method (13–16). This study aimed to use the TDF to evaluate the design and development of these paediatric preparation DHIs, determine whether a behavioural framework and co-production were used, and understand their impact on health outcomes. The four main findings of this review are discussed within the context of the modified TDF and the


	1.health outcomes observed,

	2.co-production and use of behaviour frameworks,

	3.type of DHIs, and

	4.timing and location of the DHIs used.




4.1. Health outcomes observed

All studies included in this review assessed child anxiety either as an emotion or as a feeling or behavioural response. Compared with children in the control group(s), 14 studies (82%) showed that children using the DHIs were associated with lower anxiety levels and the DHI had a positive impact, with this corresponding to the result of the effect size calculations where they could be calculated. This differed for three studies (17%), which showed anxiety levels were similar and the DHIs had no or little impact and effect. Given that higher pre-operative anxiety is a predictor of negative behavioural changes, the results for measures such as emergence delirium, induction behaviour, and induction compliance were mixed, although they were considered only in a small number of the included studies. For the three studies (60, 68, 71) that measured ED, only one found its occurrence lower in children prepared using the DHI. For the studies looking at induction behaviour (61, 65) and induction compliance (62, 63, 70), one study found improved induction behaviour and two found improved induction compliance in children using the DHI. Some of these health improvements are linked to higher scoring within the modified TDF and the first finding of this study.

The first finding is that paediatric preparation DHIs scoring higher against the modified TDF are more likely to be associated with reduced anxiety and reduced negative behavioural changes, as they will provide detailed information on the planned procedure and encompass information on coping with emotions, feelings, and anxiety (1, 13). Bray et al. (58), Stunden et al. (59), Wright et al. (62), Ryu et al. (70), and Fortier et al. (71) were the highest scoring studies against the modified TDF, having fully met 10 or more domains with 8 of these in common. The eight domains that were commonly met were knowledge, skills, behavioural regulation, environmental context and resources, belief about capabilities, beliefs about consequences, and reinforcement. This is attributed to the DHIs including (1) detailed information on the hospital environment, staff, equipment, and relevant procedure; (2) interactive elements such as games, quizzes, rewards, actions, or activities; and (3) breathing or coping exercises or modelling videos. The children using the DHIs in four of these studies were associated with lower anxiety levels (58, 62, 70, 71), lower occurrence of emergence delirium (71), and higher induction compliance (62, 70). This finding indicates that DHIs that incorporate these domains and are used as preparation interventions could be associated with reduced anxiety levels and other negative behavioural changes. An anomaly to this finding is the study by Stunden et al. (59). Stunden et al. (59) did not find any impact on child anxiety levels nor any difference in the key measure for head movement in their randomised control trial. This inconsistency is not likely to impact the first finding of this review for two reasons: (1) the trial was conducted with a simulated MRI and paid volunteers; and (2) all children reported no anxiety at baseline. This contrasts with the other four studies where the DHIs were used in preparation for real paediatric procedures, and varying levels of anxiety were reported at baseline. Nevertheless, the design of this DHI is considered relevant to the evaluation against the modified TDF. This finding cannot be extrapolated to all studies that reported positive health outcomes, given that the DHI scoring varied against the modified TDF. Despite this, the lack of meeting this finding can be attributed to either one or more of the remaining three findings, or insufficient information available in the study paper to make a judgement, thus resulting in a zero score.



4.2. Co-production and use of behaviour frameworks

The second finding is that preparation DHIs scoring higher against the modified TDF are more likely to have used co-production and a behavioural framework in their design and development. Aufegger et al. (21) stated that children and their parents prefer “easily digestible, non-medical explanations as to what to expect during the treatment process [together with information] on how to prepare”, whereas healthcare professionals suggest that information on policies, the hospital environment, staff roles and responsibilities, and patient flow timings are useful. In addition, Bray et al. (52) found that children valued coping strategy information as it enabled emotional self-regulation and provided more information about the procedure. Of the five DHIs scoring the highest against the modified TDF, three (58, 62, 71) fully met the co-production and behaviour framework domains. No information was provided in the papers by Stunden et al. (59) and Ryu et al. (70) to determine whether a behavioural framework was used, but both partially met the domain for co-production, having involved healthcare professionals in the DHI development. Fernandes et al. (67) used a behavioural framework and co-produced the DHI with healthcare professionals and children, with this DHI being the sixth highest scoring one. In the context of the findings from Aufegger et al. (21) and Bray et al. (52), the DHI in these studies all incorporated detailed information about the hospital environment, staff, equipment, and procedure, and the five highest scoring DHIs included interactive elements, coping strategies, or self-regulation feedback. The association between a higher modified TDF score and health outcomes is linked to the hypothesis in the primary objective of this review. Preparation DHIs that are co-designed and grounded in behavioural science can result in reduced pre-operative anxiety and improved health outcomes. However, further research is required to validate this finding.

The three higher scoring studies (58, 62, 71) that explicitly stated had used behavioural frameworks in designing and developing the DHIs were associated with lower levels of child anxiety, lower occurrence of emergence delirium, and higher induction compliance. In the context of theory-driven intervention design, execution, and reporting, behavioural frameworks such as the TDF offer an approach to understand and/or explain what influences the success of intervention implementation. Through understanding and explaining what influences will contribute to successful implementation, interventions aimed at changing behaviours can be designed and developed accordingly. Similarly, this study suggests that behavioural frameworks, such as the TDF, can be used to assess an intervention design and development in the context of implementation evaluation, thus supporting refinement of the intervention design.



4.3. Type of DHIs

The third finding is that the type of preparation DHI plays an important role in achieving a higher score against the modified TDF, with this being intrinsically linked to interactivity and rewards or achievements. In a previous qualitative study (17), children wanted preparation information that is easy to access, comprehensible, engaging, and child-friendly, as they believed that all of this will aid in the alleviation of their worries. This builds on the previous two findings, reiterating the value of interactive DHIs that incorporate games, quizzes, rewards, actions, or activities. Here again, the top six and the seventh highest scoring DHIs against the modified TDF were all interactive, being an educational multi-media App (58, 67), a VR-MRI App (59), a video App with games (64), a web-based program (62, 71), and a VR video game (70). An anomaly to this finding is the educational multi-media App by Huntington et al. (65) that scored very low against the modified TDF. However, this is due to the lack of information in the study paper to fully assess the DHI. The remaining DHIs were mostly non-interactive video tours, VR information, or web-based click-through presentations. Consequently, a correlation was further identified between the domain for optimism and the domains for skills, reinforcement, intentions, and goals. This was observed in three of the highest scoring DHIs by Stunden et al. (59), Ryu et al. (70), and Fortier et al. (71). All these scored fully or partially in the optimism, intention, and goal domains, and all fully scored in the reinforcement and skill domains. Stunden et al. (59) used interactive cues (skills) and real-time feedback on movement within the MRI stimulation (reinforcement and intention) to encourage stillness (goal), and when this was achieved, the child advanced to the next level (optimism). Ryu et al. (70) and Fortier et al. (71) used interactive games (skills) and breathing and coping exercises (reinforcement and intention) to advance through the steps or modules (goals), receiving health points and a completion certificate, respectively (optimism). Both these DHIs used interactive game elements to reinforce behaviour, such as chasing the germ monster after instructions in the recovery room and placing the anaesthesia mask on animals. These findings suggest that integrating interactive elements (skills and reinforcement) with feedback or rewards (intentions) could be used to drive certain actions or behavioural changes (goals) by creating the desire (optimism) to achieve the feedback or reward. Furthermore, for two of the studies, it is associated with improved outcomes. An irregularity to this correlation was the DHI by Campbell et al. (72). It failed to meet the reinforcement, intention, and optimism domains, but it partially met the skill and goal domains through the provision of a list of activities to prevent tooth decay at the end of the web-based presentation.



4.4. Timing and location of the DHI used

The fourth finding is that the timing and location of the preparation DHI lends itself to a higher score against the modified TDF. Three of the highest scoring DHIs, by Bray et al. (58), Wright et al. (62), and Fortier et al. (71), were provided for use at home by children and parents, as many times as they liked, between a week and 3 days before the procedure. These three DHIs were also associated with lower anxiety levels in the children using the DHI, and for two, lower occurrences of emergence delirium (71) and higher induction compliance, respectively (62). This suggests that the use of the DHI in the comfort of the child's own home, within a few or more days before the planned procedure, may contribute to reduced pre-operative anxiety and improved health outcomes.



4.5. Strengths and limitations

This study's strength is that it evaluates the design and development of DHIs used in preparing children for hospital procedures, correlating this against effectiveness in improving outcomes. Previous systematic reviews (6, 19, 20, 22, 23, 98–100) have predominately focused on the type of health interventions used and their effectiveness in improving health outcomes and/or reducing pre-operative anxiety, stress, and pain. In addition, some of these reviews included non-digital health interventions (98–100) and those used for distraction (6, 100). This study has specifically evaluated DHIs used for preparation.

There are limitations to this study. The first and second limitations relate to the search strategy and data extraction. While the search strategy was considered comprehensive, it was limited to papers in English published within the last 22 years, with the period being to ensure the relevance of the studies. When snowballing references of included papers and previous systematic reviews, a few papers published before the year 2000 may have been relevant for inclusion.

The third was the inability to conduct a meta-analysis because of the presence of heterogeneity across the included studies. Consequently, effect sizes were calculated, but not all studies reported the mean and standard deviation. It was, therefore, necessary to convert the median and interquartile ranges into a mean and standard deviation to then calculate the effect size. However, due to insufficient information to determine proximity to a normal distribution, the results may potentially be skewed. Some data reported in the studies were not amendable to calculating the effect size, and for these studies, the results were only narratively synthesised.

Finally, the level of information contained within some of the study papers to describe the DHIs was minimal, with supporting resources not found. This was a factor in the inability to draw meaningful conclusions against many of the modified TDF domains.



4.6. Quality of the studies

The quality of the studies was predominately moderate, with five studies having an overall high risk of bias. However, when considering the individual risk of bias in each of the five domains, it generally ranged from low to some concern, with most of the concerns linked either to an uncertainty of, or to a confirmed lack of, blinding of participants or those assessing the data, or to a lack of information in the papers to make a judgement. This was within the domains for “randomisation process” and “selection of reported results”, with the latter predominately linked to uncertainty on whether the analysis plan was finalised before results were assessed and the trial protocol not being readily available to verify, rather than the results being biased.



4.7. Implications for policy and future research

It is considered that this study is the first to use an adapted version of the TDF to assess the design and development of DHIs used to prepare children for hospital procedures. The four key findings from this study suggest that the TDF can be used to analyse the effects of preparation DHIs, and by using theory-driven behavioural science, their design can be redressed accordingly to improve health outcomes. While these findings contribute to this field of study, further research is required to validate the findings. Furthermore, research is required to understand the developmental costs of these preparation DHIs and whether they are cost-effective against the traditional form of pre-operative preparation.




5. Conclusion

The Theoretical Domains Framework is a validated tool designed to enable the evaluation of behaviour change and can be used to assess implementation issues, support intervention design, and analyse interventions. This study applied an adapted version of the Theoretical Domains Framework to assess the design and development of DHIs used to prepare children for hospital procedures.

The main findings from this assessment are that DHIs scoring highly against the modified TDF are


	1.associated with positive health outcomes,

	2.influenced by the use of co-production and behavioural science in their design and development,

	3.interactive,

	4.used a few days to a week in advance of the planned procedure within the comfort of the child's own home.



These four findings together are associated with reduced anxiety and reduced negative behavioural changes in the DHIs that scored the highest against the modified TDF. Furthermore, well-designed and developed DHIs that can be used in the child's own home and in advance of the planned procedure may be more cost-effective. This is in respect of the reduced staff time for on-the-day preparation and the potential longer-term reduced healthcare utilisation.

Paediatric preparation DHIs that are designed in the context of behavioural science and with co-development from healthcare professionals, children, and their parents are more likely to be associated with reduced pre-operative anxiety and have the potential for improving health outcomes. Furthermore, the use of paediatric preparation DHIs well in advance of planned invasive and non-invasive procedures may be more cost-effective than traditional preparation programmes such as Child Life Specialists or hospital tours that require staff time, resourcing, and planning around the child's procedure. By enabling pre-operative information to be provided digitally in the child's own home, these costs could be reduced. However, further research is required into the cost–benefit of this weighed against the developmental costs associated with the DHIs, particularly those that have shown to be more effective in reducing pre-operative anxiety.
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rewatch the video. reinforcement is applied. | implication whether the | (p. 3). behaviours (p. 911). nor is there any pre-operative process
child could rewatch the Additional printable implication whether the | (p. 395).
video. activities, including child could rewatch the
colouring sheets, are also | sequence.
provided.
Intentions Does not address this. Does not address this. Does not address this. | Partially. Using Partially. Using breathing | Does not address this. | Does not address this. | Does not address this.

breathing exercises and | and coping exercises for
interactive gameplay | both child and parents
with rewards (p. 3). | (p. 909 and 911).

Goals Does not address this. Does not address this. Does not address this. | The VR game element | Provision of certificate for | Partially. At the end of | Does not address this. | Does not address this.
uses rewards when the | completion of the program, | the computer package, a
child advances to the | advancement through the | list of activities is

next step (p. 3). ‘modules by playing games | provided to support the
(p. 911). prevention of tooth
decay to achieve
improved oral health

(p. 833).
Social influences | Does not address this. The VR video confirms that | Does not address this. | Partially. The VR game | Parental modules of the site | Does not address this. | Does not address this. | Does not address this.
parents can stay with the incorporates a famous | aimed at teaching parents
child all the time until they animated character to | coping and modelling
are anaesthetised; it includes socialise the content in a | behaviours, with this part
images of the parent and child-friendly manner | accessed before the child site,
child wearing hospital gowns (®.3). which parents then go
(p. 730). through with their child
(p- 908 and 909).
Optimism Not demonstrated. Does not address this. Does not address this. | Assumed through Partially met. Use of Does not address this. | Does not address this. | Does not address this.
rewarding “health tailoring to create feelings of
points” when child being safe and managing
advances levels (p. 3). | anxiety levels. Use of
memory games to introduce
objects in the PACU and
provision of completion
certificate.
Co-production | No information is provided | PARTIAL: A Beyond confirming that | PARTIAL: The study | YES: The programme was | No information is YES: The video was No information is
with: on the development of the | multidisciplinary team, the video was produced | authors developed the | developed using a task force | provided on the developed and edited by | provided on the
- healthcare video. consisting of child life in collaboration with the | video in collaboration | of anaesthesiologists, development of the various medical staff | development of the
professionals specialists, child association of Soccorso | with the VR game psychologists, surgeons, computer package, and | (outpatient unit, surgical | VR-stimulated
- children psychologists, a child Clown, it does not producing company, | nurses, paediatricians, child ward, and operation environment.
- parents psychiatrist, confirm if healthcare | with the study authors | life specialists, parents, and | the referenced paper is | department) and
anaesthesiologists, a 3D staff, children, or parents | comprising healthcare | children [p. 906, Kain et al. | not accessible. reviewed by families and
acting director, and a 3D | were involved. While | professionals (2015) paper]. experts (p. 395).
project manager, designed | this may be assumed, | (confirmed via
the script of the VRE (p. 2). | this is not stated. searching).
‘The paper indicates that it is
tested by children and
adjusted to consider
feedback, but there is no
indication of parental
involvement.
Used a behaviour | No information is provided | Unclear. While various No information is No information is Yes. Paper Kain et al. (2015) | No information is No information is No information is
framework on the development of the | experts were used to inform | provided on the provided on the states that the “conceptual | provided on the provided to determine of | provided.
video and therefore on the | development, including development of the development of the VR | framework and content of | development of the any theoretical
use of any behavioural psychologists, it is unclear if | video and therefore on | games and therefore on | WebTIPS was examined by a | computer package, and | frameworks were used.
frameworks. any behaviour frameworks | the use of any the use of any behavioural medicine, the referenced paper was
were used. behavioural frameworks. | behavioural interventions, outcomes not accessible.
frameworks. expert panel” (p. 906).

VR, virtual reality: App, smartphone, or tablet, or computer applications: 3D, three-dimensional: m-TDF, modified theoretical domains framework: PACU, Post Anaesthesia Care Unit: VRE, virtual reality exposure.
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Domain

Knowledge

Explanation adapted from Cane et al. (
et al. (

Awareness of the existence of something, including a knowledge of the

condition and the procedure, and what will happen

) and Smalley

Criteria for DHI to meet fully or partially meet the
domain.
DHI provides detailed information about the hospital environment, the
equipment (e.g, monitoring devices, pulse oximeter, anaesthetic mask,
etc), and the staff. It guides the user through the process from
admission o the operating room.
Domain is partially met if information lacks detail.

Skills

Emotion

Ability or proficiency acquired through practice (e, skills, ability,
competence, practice)

A pattern of experiential, behavioural, and physiological reactions to deal
with significant events or matters (e.g, anxiety, fear, stress)

DHI includes an element that is interactive and aimed at developing an
understanding of the pre-operative process and/or coping skills (eg.,
modelling or breathing).

Domain is partially met if not interactive but includes information or
support on coping or post-operative care.

DHI includes information about emotions, how the child might feel,
how to cope with being anxious or scared, and the likely sensory aspects.
Domain is partially met whether about coping with anxiety or some
consideration of feelings.

Behavioural Regulation

Supports or activities aimed at managing or changing objectively
observed actions (., action planning, self-monitoring, breaking habits)

DHI includes activities or techniques aimed at changing behaviours,
whether there are coping strategies, behaviour training, or breathing.
Domain is partially met if modelling, with no activities or techniques.

Memory, Attention, and
Decision Processes

Ability to retain information and selectively focus and choose among
options (g, decision making, attention, and attention span)

DHI is interactive and may include prompts or challenges.

Domain is partially met if DHI noted as taking account of children’s
memory and cognition but is not interactive. Also, partially met if DHI
is short and provides information about how it is engaging.

Context

and Resources.

G of the that contribute (positively or
negatively) to skill development, independence, and adaptive behaviour
(g, organisational culture, resources, and environmental stressors)

DHI includes information on the hospital environment, staff, and
equipment.

Domain is partially met if all the information listed above is not
provided.

Beliefs about Capabilities

Acceptance of one’s true abilites, talents, or facilities (e.g, self-
confidence, self esteem, empowerment, self-efficacy, and perceived
behavioural control)

DHI includes information or activities to help the child cope or manage
behaviour or provides challenges
No partial scoring for this domain.

Belicfs about
Consequences

Acceptance of true outcomes of behaviour in each situation (c.g.
anticipated regrets and outcomes, beliefs, and consequences of actions)

DHI incorporates one or more of the following: (1) a step-by-step guide
of what will happen and is involved, (2) what the outcome will be
through information on the experience and how it might fel, and (3)
using level progression or interactive games to check the level of
Essentially, it
level of understanding about the consequences of what will happen.
Domain is partially met if the guide on what will happen is not a step-
by-step one and does not include any other elements listed above.

it information to create a

Reinforcement

Intentions

The increasing likelihood of desired behaviour by creating a stimulus
and response dependency (e.g, incentives, rewards, punishments)
Consciously act in a certain way, or perform a certain behaviour

DHI is interactive or includes game elements to reinforce information.
Domain partially met if the DHI can be used more than one.

DHI includes feedback or rewards to drive action or behaviours or
incorporates specific behavioural components.

Domain is partially met if it includes exercises.

Goals

Outcomes or end states that an individual wants to achieve (¢, selting a
target, priorities, and action planning)

DHI requires specific action to progress levels, incorporates setting
goals, and includes rewards.

Domain is partially et if it includes actions to perform to achieve
something specific.

Social influences

Interpersonal processes that can cause individuals to change their
thoughts, feelings, or behaviours (e.g, social pressure, norms and
support, group identity, and power)

DHI includes a parent clement or considers familial influences on the
child.

Domain is partially met if it uses only famous characters or only
partially considers familial influences.

Optimism

Confidence that desired goals will be attained (e., optimism, pessimism,
identity)

DHI includes some form of reward or attainment.
Domain is partially met if reward or attainment is indicated but not
sufficiently detailed.

Input into the
development of DHI

Does the DHI involve healthcare professionals, parents, and children in
its development?

DHI is developed with the involvement of healthcare professionals,
parents, and children

Domain is partially met if only one or two of these groups are involved
in the development of the DHI.

Behaviour framework

Does the development of the DHI involve the use of any behavioural
andjor design frameworks?

DHI is developed using a behaviour framework or tools or concepts. It
considers the user and/or behaviour change.
No partial scoring for this domain.

DHI, digital health intervention.
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Included
papers
Domain

Bray etal. ()

Stunden et al. ( )

Ryuetal ( ,
etal. ()

), Park

Wright et al. ()

Wantanakorn et al. ()

Huntington et al. ()

Fernandes et al. ()

Knowledge ‘The platform provides VR movie and App provides | VR movie provides 1-PPP includes two modules | Short, animated video in Mobile | Online web-based information | The App provides
information about the information about the MRI | information about the on education and App provides patient over several screens/slides | information on (1) hospital
procedure, hospital procedure, the hospital procedure, hospital information about the day | information about the procedure | setting out a story of a 6-year- | admission; (2) healthcare
environment including wards | equipment, and the staff environment including the | surgery process and including equipment used, and | old child called Scott going | staff and hospital rules; (3)
and operating theatres, the | involved (p. 3). It starts by | wards and equipment, and the | anaesthesia and anaesthesia | what to expect through the through the process of the | medical instruments; (4)
key healthcare staff involved, | introducing a radiologist and | staff (p. 99 and 1629, protocol. Delivered via an | whole process from positioning, | procedure, with child and | medical procedures; (5)
and the hospital equipment | a peer in the reception area | respectively). It takes the viewer | interactive, virtual tour of | local anaesthesia, and sedation | parents “mouse clicking” surgery room; (6) recovery
(p. 3). It uses a customisable | and then leads the user through the process from the hospital including the | to the post-recovery process | through (From p. 159 plus | room; and (7) aftercare and
avatar as a guide and chatbot. | through an interactive guided | admission to the operating | admission area, day surgery | (p. 644). additional paper Reynolds | going home (p. 1192).

tour of the hospital reception | theatre, and Pororo explains | room, holding area, etal. (2012).
area, imaging room, and the | the process throughout in operating room, and
steps of a head scan. detail. It starts with Pororo | activities that take place in

changing into a hospital gown, | those locations. For

having an IV catheter placed in | anaesthesia, it covers what it

his forearm, and then going | is, the types, the purpose,

into the operating room. and the process (p. 628).

skills ‘The platform uses a QA | The App includes elements to | The movie is not interactive | I-PPP includes a module on | The game element is interactive, | Partially. Includes two videos | The application uses
chatbot and games to create | help the user learn how to | only informative (p. 99 and | skills development through | with breathing skills developed | that model appropriate coping | interactive game activities
an understanding of the interact with the virtual 1629, respectively). instructions regarding the | through the relevant game, but | behaviour and teach coping | after each level to guarantee
procedure and enable environment and cues to continued practice of the movie element is purely | skills (p. 159). that the information
interactive engagement (p. 3). | activate the next steps (p. 3). shaping and exposure to an | informational. provided is understood by

anaesthetic mask (p. 628). the child (p. 1192)

Emotion Provides information on the | Through the inclusion of | Unclear if the movie addresses | 1-PPP includes a module on | The game section is included in | Partially. Includes two videos | The application uses a facial
sensory aspects of the familiar sounds using emotion. Reference made to | the identification of the App to support the child to | that model appropriate coping | expression of the game
procedure, and what the child | narratives to support the child | Pororo emphasising that emotions and thoughts cope with anxiety (p. 644). behaviour and teach coping | character for the child to
may experience or feel to help | to cope with the loud and | children will undergo the same | associated with day surgery skills (p. 159). choose whether they are
reduce fear and anxiety (p. 3). | noisy MRI sound, to provide | process without difficulty, but | experiences such as anxiety sad, happy, angry, or fearful

comfort, and thus to reduce | there s no reference to and worry (p. 628). (p. 1192).

stress. considering anything that
addresses dealing with fear, ‘The application starts with
anxiety, etc. (p. 99 and 1629, a brief video explaining how
respectively). to report emotions.

Behavioural Provides information on ‘The App uses “staying still” to | No information is provided. | I-PPP includes a module on | The game section included in | Partially. Includes two videos | No information is provided

Regulation coping strategies to manage | progress through the levels in behavioural training the App provides breathing that model appropriate coping | to judge if the application
behaviour (p. 3). the VR-MRI app, so drives through shaping and exercises and coping skills behaviour and teach coping | supports any behavioural

behavioural regulation to exposure to an anaesthetic | (p. 644). skills (p. 159). regulation.
achieve stillness (p. 7). ‘mask with a mask provided
(p. 628)

Memory, Partially. Designed with User-led tour of hospital, | Unclear. While the movie was | I-PPP is interactive and is | Unclear. It is not clear from the | Unclear, as insufficient ‘The application uses

Attention, and | children to ensure that it is | staff, and equipment, through | short, being only 4 min long, it | initially provided papers whether a child’s information is provided in the | interactive game activities

Decision engaging, acceptable, and | interactive hotspots designed | is not clear from the papers | sequentially, but once attention and memory were | paper or other papers after each level to guarantee

Processes effective. Also considers ease | to activate transition between | whether a child's attention and | completed, the child and | factored into its development. | identified and reviewed. that the information
of navigation (p. 3). rooms or sequences and the | memory were factored into its | parents can return to any | No indication that the child provided is understood by

use of a stalling sequence to | development. module (p. 628). could rewatch the video. the child (p. 1192).
deal with any distractions
(p. 3 and 4).

Environmental | Provides information and | Provides information and | Provides information and Module 1 is an interactive, | Partially. Provides information | Partially. Appears to provide | The application provides

Context and images of the hospital images of the hospital images of the hospital virtual tour of the hospital | on the instruments used, and the | information on the procedure | information on healthcare

Resources environment (wards and | environment, equipment, and | environment, equipment, and | including the admission | images suggest some context of | but is unclear on the level of | staff and hospital rules;

operating theatres),
equipment, and key staff
(».3).

staff. Also includes
stimulations of sounds during
an MRI (p. 3 and 4).

staff. Includes scenes of having
an intravenous catheter
inserted, pressure cuff and
pulse oximeters placed, and a
facial mask applied for
anaesthesia (p. 99 and 1629,
respectively).

area, day surgery room,
holding area, operating
room, and activities that
take place in those locations
(p. 628).

the hospital setting (p. 644), but
not as detailed as with other
applications/ tools, so partially
met.

information provided (p. 159).

medical instruments;
surgery room; recovery
room (p. 1192).

Beliefs about
Capabilities

Beliefs about
Consequences

Assumed through reference
to what the child may
experience and building of
coping strategies—
empowerment, self-
confidence (p. 3).

Understanding of the
procedure and what the
outcome will be through
information on how it may
feel or what may be
experienced (p. 3).

Assumed through levels
becoming more challenging
to achieve as feedback
mechanism is reduced and
children are required to
continue independently

(. 7).

Assumed through not
progressing the levels because
of not staying stll (p. 7)

Unclear. The video narration is
noted to emphasise that all
children undergo the same
process without difficulty, but
there are no references to
coping, emotions, or feelings

| (p-99).

‘Taking the child through a
narrative guided tour
explaining the processes and
showing what equipment is
used (mask, ECG, blood
pressure cuff, etc.) are deemed
to support building an
understanding of the
consequences of the processes.

1-PPP includes a module on
coping instructions for
parents to support their
child (p. 628) and
behavioural training

(p. 628).

Assumed through a detailed
virtual tour of hospital and
experience, and behavioural
component, specifically
shaping and exposure to
anaesthesia mask (p. 628)
and practice of the skill
module.

Breathing exercises and games
help in coping with anxiety, help
build self-confidence, and
provide empowerment (p. 644).

Assumed through the provision
of information on the whole
bone marrow aspiration process
through a step-by-step guided
video (p. 644) showing what
happens by using cartoon
children and healthcare
professionals.

Unclear as insufficient
information is provided in the
paper o other papers
identified and reviewed.

Unclear as insufficient

information is provided in the
paper or other papers
identified and reviewed.

Unclear as insufficient
information is provided in
the paper, and there is no
indication of building
confidence or esteem
through coping.

The use of the interactive
game to confirm if the child
has understood the
information provided and
an explanation of
procedural information
including rules.

Reinforcement

Use of interactive games.

Stalling of the sequence until
the child’s attention is
refocussed appropriately

(p. 4). Use of sillness as a
measure to progress through
levels (p. 7).

Simple 4-minute video taking
the child through a guided tour
from admission to the
operating theatre, but there is
no use of interactive tools, nor
is there any implication
whether the child could
rewatch the video.

1-PPP is interactive and is
initially provided
sequentially, but once
completed, the child and
parents can return to any
module (p. 628).
Participants are encouraged
to use the I-PPP more than
once, particularly the
behavioural component.
Modules on the practice of
skills, coping instructions,
and emotions reinforce
desired behaviour.

Breathing exercises and games to
help in coping with anxiety and
help reinforce behaviour to
reduce anxiety (p. 644).

Undlear as insufficient
information is provided in the
paper or other papers
identified and reviewed.

‘The application uses
interactive game activities
after each level to guarantee
that the information
provided is understood by
the child (p. 1192)

Intentions Not demonstrated in the | Uses interactive real-time | No, due to the intervention | Assumed through Partially met through breathing | Unclear as insufficient Does not address this.
paper. feedback on the indicators of | being a video. behavioural components, | exercises to promote specific | information is provided in the
movement to support specifically shaping and | behaviour. paper or other papers
progression through the levels exposure to anaesthesia identified and reviewed.
(p. 7). mask (p. 628).
Goals Not demonstrated in the | Uses interactive real-time | No, due to the intervention | Not demonstrated. Not demonstrated. Unclear as insufficient Unclear as insufficient

paper.

feedback on the indicators of
movement to support
progression through the levels
(p- 7).

being a video.

information is provided in the
paper or other papers
identified and reviewed.

information is provided in
the paper but suspect not.

Social influences

In a supplementary paper
(081) covering information
on parents being with a child
or being supported by
something familiar.

Unclear from the paper or
methodology used in
development.

Partially. The VR game
incorporates a famous
animated character to socialise
the content in a child-friendly
manner (p. 3).

Inclusion of a parent and
child path in the program
that would support
discussion with the child
(Wright et al. 2020, p. 306
and 307).

Not demonstrated.

Unclear as insufficient
information is provided in the
paper or other papers
identified and reviewed.

Partially met through
reference to information on
parental separation

(p. 1192).

Optimism

Co-production
with:

- healthcare
professionals

- children

- parents

Not demonstrated.

YES. Developed with all
three.

Partially. Includes level
attainment but unclear from
the paper if level attainment
is set out in advance for
children to create optimism
in achieving level 3.
PARTIAL: Developed with
the research team, various
healthcare professionals, and
system administrators. No
indication of development
with the children or parents.

No, due to the intervention
being a video.

| PARTIAL: The script for the

movie is developed by an
anaesthesiologist from Seoul
National University Bundang
Hospital, with doctors and
nurses acting in the movie.

Not demonstrated.

YES. Developed and tested
with all three through
separate studies (see Wright
etal. 2017).

Not demonstrated.

PARTIAL: The mobile App was
tested with healthcare
professionals and a small sample
of children (p.645). No evidence
that parents were involved.

Not demonstrated.

YES: The paper notes that
expert consultation and focus
groups were used to develop
the tool (p. 158 and 163), with
this supported by information
in Reynolds et al. (2012) and
the study protocol.

Not demonstrated.

PARTIAL: The paper notes
that a pilot study involved
490 children and healthcare
professionals to improve the
application (p. 1192). No
reference to the
involvement of parents in
the development of the tool.

Used a behaviour
framework or

YES: Used a person-based
approach as described by
Yardley et al. (2015) [paper
082].

Unclear. Used an agile
development methodology
but unclear if a behavioural
approach was used as part of
this.

NO. No reference was provided
to ascertain whether any
behavioural frameworks were
used.

YES. Wright etal (2017)
notes that cognitive
behavioural intervention for
anxiety disorders in
children and behavioural
preparation were used in
developing the components
of the I-PPP (p. 49).

Unclear. Reference made to the
development team studying the
characteristics and requirements
of young children, but not to the
use of behavioural frameworks
or tools (p. 645).

Unclear as insufficient
information is provided in the
paper or other papers
identified and reviewed.

Yes. The paper references
the Social Learning
‘Theory’s theoretical
framework (p. 1191) and
that certain behaviours can
be learned and reproduced,
with modelling being
effective to reinforce self-
efficacy.
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