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Abstract

Virtual reality (VR) technology is a remarkably effective method for distracting attention from painful stimuli. This is
particularly important for children who undergo painful and stressful medical treatments. The main aim of the
present study was to examine whether the type of VR distraction had an effect on reducing pain and stress in children
during a short blood sampling treatment, and to investigate the effectiveness of mobile VR.

Fifty-seven patients of a pediatric nephrology clinic (Mage = 12, range: 7-17) participated in a between-group
experimental design study. Participants in the treatment group (active vs passive VR) underwent a venipuncture
procedure with VR distraction. Mobile VR (Samsung gear) was used in this study. Participants in the active VR
experimental condition played a game based on the multiple object tracking task paradigm. In the passive VR
experimental condition, participants watched a film similar to the presented game. All participants rated their pain
and stress levels on the Visual Analogue Scale and completed a short questionnaire.

Both VR groups reported significantly lower pain and stress intensity than the control group. When comparing the
two experimental groups, no statistically significant differences were found, although participants differed in their
level of perceived pain and stress, with greater benefits in the active VR. The present study focused on comparing the
effect sizes of active and passive VR interventions. Additionally, the study confirmed feasibility of using Multiple
Object Tracking paradigm as a method of attention distraction in VR.
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Introduction

The perception of pain is greatly affected by psychological factors. According to the neuromatrix model (Melzack, 2001),
pain is a multidimensional experience, which consists of sensory, affective, and cognitive components. These components
are mediated by different brain regions and shaped by several inputs that act on the neuromatrix and contribute to the
output neurosignature.

Among the factors that can affect sensations of pain, the attention directed to pain appears to be particularly important.
Therefore, distraction is considered a useful way to ease pain (Eccleston & Crombez, 1999; McCaul & Malott, 1984).
Existing research has demonstrated the analgesic properties of various distraction techniques, including cognitive tasks,
relaxation, watching films, and nurse coaching (Triberti et al, 2014). Attention distraction techniques have proven
effective both in children (Fowler-Kerry & Lander, 1987; Kelley et al., 1984; Manne et al., 1990; Powers et al., 1993) and
adults (Villemure & Bushnell, 2002).

Recent evidence has shown that virtual reality (VR) technology is an extremely effective method for distracting attention
from painful stimuli, allowing an individual to experience being immersed in—and feel present in—a simulated
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environment (Triberti et al., 2014). VR allows for isolating from the real world in which one experiences pain and focusing
on pleasant virtual experiences, thereby relieving stress and anxiety (Schneider & Hood, 2007). Research confirms that
the level of anxiety and stress can increase the perception of pain (Gatchel et al., 2007; Ploghaus et al., 2001). In addition,
VR technology has the property of inducing positive emotions, which also promote lowered pain perception (Triberti et
al, 2014).

The effectiveness of VR has been demonstrated in a large number of studies carried out both in healthy populations
(Czub & Piskorz, 2018; Hoffman et al., 2003; Hoffman, Richards et al., 2006; Kenney & Milling, 2016; Magora et al., 2006)
as well as among hospital patients during medical procedures such as burn injury treatments (Hoffman et al., 2011),
chemotherapy (Chirico et al., 2016a), and other painful and stressful procedures—dental treatment and urology
procedures (Indovina et al., 2018) and needle-related procedures (Birnie et al., 2014; Cohen et al,, 2014; Gold & Mahrer,
2017; Goodenough et al.,, 1997; MacLaren & Cohen, 2005; Mason et al., 1999; Piskorz & Czub, 2018).

Apart from lowering reported pain intensity, VR distraction may also influence perceived duration of the medical
procedure (Chirico et al., 2016b; Schneider et al., 2011). This effect is explained using framework of pacemaker-
accumulator model of time perception.

There are several dimensions in which distraction techniques vary—for example, the amount of interaction that the child
requires. The efficacy of distraction, according to theoretical descriptions, is dependent on its ability to exploit cognitive
capacity. Distraction appears to be more effective when it requires the child to be engaged, for instance by manipulating
the environment and/or problem-solving. Such tasks require more use of attentional resources than passive tasks
(MacLaren & Cohen, 2005). Distraction can therefore be divided into two categories: active and passive. In their research,
Nilsson et al. (2013) found that the use of serious gaming resulted in reduced behavioral pain scores when compared to
passive distraction. Similar conclusions were reached by Dahlquist et al. (2007).

The reduction of pain during painful medical procedures is especially important in the case of children. Medical
procedures can be a severely traumatizing experience for a child (Fradet et al., 1990; Jacobson et al., 2001). Additionally,
pharmaceutical analgesics are not always recommended and might even be harmful (National Academies of Sciences,
Engineering, and Medicine, 2017). Existing research confirms the analgesic properties of VR during needle-related
procedures (Gershon et al., 2004; Gold & Mahrer, 2017; Windich-Biermeier et al., 2007; Wolitzky et al., 2005) and acute
burn injuries (Chan et al,, 2007; Das et al.,, 2005; Jeffs et al,, 2014) in both children and adolescents.

VR and Needle-Related Procedure in Children

One of the first studies utilizing VR during a port access procedure was conducted by Gershon et al. (2004). They used
VR technology to divert attention in seven 19-year-old oncologically ill children, demonstrating that it effectively reduced
both stress and pain in younger patients. Similar results were obtained a year later by Wolitzky et al. (2005). Windich-
Biermeier et al. (2007) did not obtain such unambiguous results. Using VR distraction, they managed to reduce anxiety
and stress in children; however, pain remained at the same level.

Gold et al. (2006) also found no reduction in pain symptoms. Using VR distraction during pediatric intravenous
placement, Gold et al. found no reduction in affective pain or anticipatory anxiety for children and their parents. However,
children in the control group reported a fourfold increase in pain during the procedure, whereas in the VR group, this
effect was not observed. Some existing studies do not confirm VR as an effective method for distracting attention from
pain sensations in children. One example comes from Nilsson et al. (2009). Their study, however, relied on non-immersive
VR (3D, hand-controlled VR devices, without head-mounted displays) during a needle-related procedure in oncologically
ill children.

The discrepancies found in the studies discussed may be due to the use of older VR technology. The quality of equipment
is very important because it affects the degree of immersion in the virtual environment (cf. Hoffman et al., 2004; Hoffman,
Seibel et al., 2006). In addition, in all of the discussed studies, the game was controlled using a joystick or mouse; that is,
it required the mobility of one hand, which prevents its use for distraction purposes during many medical procedures.
Recent research confirms the effectiveness of VR in reducing pain during painful medical procedures. Using VR mobile
technology, Gold and Mahrer (2017) demonstrated that VR significantly reduced anxiety and acute procedural pain
compared with the standard of care in children and adolescents aged 10 to 21. Current study extends on those findings
by comparing the effectiveness of active and passive VR interventions, and implementing a novel VR distraction task.



Another reason may be related to the types of virtual environments, some of which may not be suitable for certain
children. In their research, Windich-Biermeier et al. (2007) allowed children to choose the type of distraction freely,
including the level of sensory input as well as the ability to involve active cognitive or motor responses. Gershon et al.
(2004) and Wolitzky et al. (2005) used the existing Virtual Gorilla application, which was created as an educational tool
for children visiting the gorilla habitat at Zoo Atlanta (Allison et al., 1997). Similarly, Gold et al. (2006) relied on the already
existing game Street Luge, whereas Gold and Mahrer (2017) used the game Bear Blast.

In their previous work, the authors of the present study demonstrated the analgesic efficacy of VR during blood sampling
in children (Piskorz & Czub, 2018). The results of their experiment revealed a significant reduction in both pain and stress
when compared with the stand-of-care group. During the blood sampling procedure, participants aged 7 to 17 played
a game designed by the authors based on the multiple object tracking (MOT) paradigm. MOT is based on continuous
sustained attention over time rather than brief attentional shifts. It requires attention to multiple objects over focal
attention to only a single object at one time. Instead of mere passive observation, MOT requires active engagement.
Moreover, it can be manipulated not only via indirect temporal manipulations, but also through direct manipulation of
the underlying tracking load. MOT is considerably different from most other paradigms that have been used to study
attention (Scholl, 2009). It has been used in various studies on visual cognition, such working memory (Fougnie & Marois,
2006; Postle et al., 2005), task switching (Alvarez & Scholl, 2005), and dual-task interference (Fougnie & Marois, 2006;
Trick et al., 2006). There is evidence that people can cast a wide range of attention for MOT in a real 3D environment
(Rehman et al,, 2015). In addition, MOT has been employed to study the operation of attention across populations,
including small children (O'Hearn et al., 2005).

The present study is a continuation of the previous one. The main aim of the study was to examine whether the type of
VR distraction has an effect on reducing pain and stress during a short procedure such as blood sampling; that is, how
much of the effect obtained in the previous study was accounted for by VR interaction and the game itself, and how
much was related to simply cutting off external stimuli? Therefore, main objective was to compare the effectiveness of
active vs passive VR interventions.

The second aim was to compare the obtained effect sizes with those found in the previous study, in which a stationary
VR technology was utilized. Additionally, we wanted to further investigate feasibility of using multiple object tracking
paradigm as a method of attention distraction in VR.

Methods

Participants

The study was comprised of 57 children aged 7 to 17, who were patients at the Pediatric Nephrology Clinic in Wroctaw.
The experiment was conducted with three study groups: two experimental and one control group. The first experimental
group (active VR) was comprised of 19 children (Mage = 12.42, SD = 2.52), including 10 females (Mage = 13.3, SD = 2.06)
and nine males (Mage = 11.44, SD = 2.74). The second experimental group (passive VR) was comprised of 17 children
(Mage = 11.71, SD = 2.8), including 10 females (Mage = 12.20, SD = 3.46) and seven males (Mage = 11, SD = 1.53). The
control group included 21 participants (Mage = 11.86, SD = 3.81), including 10 females (Mage = 11.5, SD = 3.84) and 11
males (Mage = 12.18, SD = 3.95). A priori power analysis was conducted with G*Power. It was determined that a sample
of 66 was necessary to detect large effect size (f = 0.4) with the power of 0.8. During data collection we aimed at a sample
of 66 participants, however smaller sample was finally collected and there were minor differences in group sizes - because
of participants availability in the hospital, and the time frame of the study.

Design/Procedure

The study was conducted in the Pediatric Nephrology Clinic in Wroctaw. Children staying in the hospital suffer from
kidney failure, and therefore stay under regular medical supervision. The study was conducted from September 2017 to
February 2018. The study received approval from the institutional ethics committee of the relevant university. Written
consent was collected from parents or caregivers and also verbal consent was obtained from children. All participants
were informed that they may cancel participation at any moment without giving justification. Basic information about
VR technology and the procedure was provided at this stage to both parents and children.



The experiment was carried out during a blood sampling procedure. Both children who stayed in the hospital and those
who came for check-ups were invited to take part in the study. Possibility of participation was offered to all children
staying at the hospital, this was done until sample was completed. Depending on the research condition, relevant details
of the study procedure were explained to participants. As a result, in the experimental condition active VR, children
became acquainted with the VR technology and learned to play the game before making the final decision to join the
study. The training lasted 10 to 15 minutes; the time depended on the rate at which children learned to control the game.
In the experimental condition passive VR, children were informed that they would be equipped with VR goggles to watch
a fragment of the video during blood sampling, whereas children in the control condition heard that they would be
asked to fill out a short questionnaire before and after blood sampling. The children then decided whether they wanted
to take part in the study during the next blood sampling.

Those who decided to participate in the study were asked to complete a short questionnaire just before the blood
collection. Participants in the experimental groups were equipped with VR equipment and started to play or watch the
film before the blood sampling procedure began. After leaving the treatment room, children were asked to complete
the second part of the questionnaire, in which they were asked about their experiences related to the blood sampling
procedure. The entire procedure lasted between 10-15 minutes. The order of both VR conditions was counterbalanced.

The control group consisted of children who underwent blood sampling without immersion in VR. Before and after
leaving the treatment room, they were asked to fill out the same short questionnaire as children in the experimental
group. Data for the control group was collected after completion of the VR group. This was for two reasons. First, we did
not want to take away the possibility of using VR from children who would be interested in it during blood sampling.
Second, we did not want to include children who did not decide to use VR during blood sampling in the control group.
The reason for their refusal could be that they did not perceive this medical procedure to be painful, which ultimately
could have affected the obtained results.

Materials and Equipment

Participants participated in the game using head-mounted displays (Samsung gear). They played a game created by the
authors of the study. The game was based on the MOT paradigm. The game was designed for use with children of all
ages. The aim of the game was to memorize blinking elements and search for them among other moving objects. Each
of the game levels differed in degree of difficulty, which could be freely manipulated and thus adapted to the level of
advancement of the players. To adjust the level of the game to the needs of the participant, we manipulated the number
of flying objects and the number of objects that had to be remembered. The criterion for game adjustment for each
participant was maximum level achieved during the training phase. This was done by the experimenter. The game is
controlled without the use of hands, only by head movements and selecting the object through holding it in the center
of the field of vision for a specified time. In the case of a properly solved task, participants proceeded to the next level,
and in the case of error, they repeated the task.

In the passive VR condition, participants only observed the image, in which flying objects (balls) were moving. The
application for this condition was selected to maximally resemble the active VR version. We opted not to present the
recorded version of the active VR game for fear that it could be too wearisome, which would have affected the study
results.

Participants were not listening to any music in either active or passive VR conditions. Such solution was used, because
we did not want to disturb verbal communication between the nurses and patients.

Measures

Before the study began, children filled out a short questionnaire. It consisted of questions about previous experience
with the blood sampling procedure, which were anchored to a 6-point scale (1 = inexperienced to 6 = very experienced);
attitude towards blood sampling; and, in the VR groups, attitude towards blood sampling with VR glasses. Both variables
were assessed on an 11-point scale (0 = strong stress and tension and 10 = strong interest/curiosity). The questionnaire
was created by the authors for the purpose of this study.

After completion of the blood sampling procedure, participants answered more questions. Two questions were asked to
estimate the levels of pain and stress participants experienced during the medical procedure. Children responded to a



measure of pain and stress intensity, the Visual Analogue Scale, which includes a horizontal 10 cm-long continuous line,
where 0 = no stress/pain and 10 = very severe stress/pain. The next question concerned children’s perceived duration of
the procedure. Participants were able to choose from one of five responses: much shorter than usual, shorter than usual,
Just as usual, longer than usual, and much longer than usual. In the experimental groups, children answered an additional
question about the degree of engagement in the VR application (0 = the recording did not engage me at all to 10 = the
recording absorbed me very much).

Data Analysis

Data analysis relied mostly on non-parametric statistics (Kruskal-Wallis test, Spearman’s rank correlation coefficient) due
to the lack of normality in the variable distributions (as indicated by the Shapiro-Wilk test) or in the ordinal level of
variable measurement. For the items “Attitude towards blood sampling in VR” and “Degree of involvement in the VR
application,” parametric statistics (t tests) were used. We computed Hedges g effect sizes and confidence intervals using
the adjusted bootstrap method, with the BootES R package (Version 1.2) (Kirby & Gerlanc, 2013).

Results

Group Characteristics and Between-Group Differences

ANOVAs revealed no significant differences among the groups (control, passive distraction, active distraction) based on
participants' age, F(2, 54) = 0.27, p = .77, or their prior experience with the blood sampling procedure (Kruskal-Wallis
one-way ANOVA on ranks H[2, 57] = 3.78, p = .15). All groups were characterized by an above-average level of experience
with blood sampling. The experimental groups did not differ in the assessment of the degree of engagement in VR, t(4)
= -0.09, p = .93. Both groups found the VR environment to be highly engaging (active VR: M = 6.18, SD = 2.76; passive
VR: M = 6.26, SD = 2.39). Notably, none of the children reported simulator sickness following VR exposure.

The next stage of statistical analysis focused on comparing participants’ attitudes before the blood sampling procedure.
The analysis showed statistically significant differences between the compared groups, H(2, 57) = 6.60, p < .05, although
post hoc analysis did not indicate such differences. Post hoc comparisons (Holm multiple comparisons test) revealed
that participants in the active experimental group experienced more neutral attitude than their counterparts in the
control group, though the results did not reach statistical significance, p = .09, g = -0.702, 95% Cl [-1.427, -0.014]. There
were no statistically significant differences between the other groups (passive VR vs. control group: p = .15, g = -0.274,
95% CI [-0.997, 0.351]; active VR vs. passive VR: p = .15; g = -0.538, 95% Cl [-1.180, 0.127]. It is worth noting, however,
that across the study groups, participants responses were mostly located in the middle of the scale (see Table 1).

Table 1. Children’s Emotional Reponses.

Attitude towards blood sampling Attitude towards blood sampling with VR

Condition

M SD M SD
Active VR 5.21 3.00 7.06 247
Passive VR 3.79 1.99 7.79 1.94
Control 3.07 297 — —

Note. 0 = strong stress and tension; 10 = strong interest, curiosity.

The comparison of participants’ attitudes in the VR groups before blood sampling revealed that there were no statistically
significant differences, t(34) = - 0.98, p = .33. In both groups, participants were interested and curious.

Pain and Stress Levels

First, we analyzed whether the levels of pain and stress differed between the experimental groups and the control group.
A Kruskal-Wallis test revealed that the level of pain significantly differed among the compared groups, H(2, 57) = 20.31,
p < .001. Post hoc comparisons (Holm multiple comparisons test) revealed that participants both in the active VR, p <
.001, g = 1.402, 95% Cl [0.820, 1.895], and the passive VR group, p < .01, g = 0.935, 95% Cl [0.195, 1.468], experienced
significantly lower levels of pain when compared to the control group. When comparing levels of perceived pain between



experimental conditions, a difference was observed, although it did not reach statistical significance, p = .16, g = 0.469,
95% ClI [-0.244, 1.064]. Participants in the active group reported lower pain levels.

In the next part of the analysis, the children’s level of stress during blood sampling was compared. Again, the results
revealed significant differences between the compared groups, H(2, 57) = 15.62, p < .001. Post hoc comparisons (Holm
multiple comparisons test) revealed that the children’s level of stress in the active VR group was significantly lower than
in the control group, p < .001, g = 1.307, 95% Cl [0.762, 1.791]. Also, in the passive VR group, there was a difference in
relation to the control group, although it did not reach statistical significance, p = .15, g = 0.420, 95% Cl [-0.255, 1.044].
Similarly, the experimental groups differed in terms of the level of stress experienced, although this difference was not
statistically significant, p = .15, g = 0.842, 95% CI [0.230, 1.385] (see Table 2).

Table 2. Descriptive Statistics for Pain and Stress Intensity Measures.

Visual Analogue Scale — stress intensity Visual Analogue Scale — pain intensity
Condition
M SD M SD
Active VR 048 0.84 0.79 1.13
Passive VR 2.01 242 1.46 1.63
Control 3.08 2.57 334 2.21

The obtained effect sizes, both regarding the level of pain and stress, were significant, particularly when comparing the
active VR group with the control group. In the present study, the effect size for the level of perceived pain in the active
VR group compared to the control group was 1.40. Gershon et al. (2004) obtained an effect size of 0.66; Wolitzky et al.
(2005) obtained an effect size of 1.01; and, in our previous study, we obtained an effect size of 0.86 (Piskorz & Czub,
2018). The effect size for stress level in the active VR group compared to in the control group was 1.31, and the effect
size obtained in our previous study was 0.99. Comparing the levels of stress and pain during blood sampling in the active
VR group and the experimental group from the previous study (the difference between these studies is only in the type
of VR used: stationary vs. mobile), no statistically significant differences were observed: pain: previous study (M = 1.52,
SD = 2.05), present study (M = 0.79, SD = 1.13), t(36) = 1.34, p = .19; stress: previous study (M = 1.12, SD = 1.86), present
study (Mgroup1 = 0.48, SD = 0.84), t(36) = 1.36, p = .18. The samples did not differ in age— previous study (M = 11 years,
SD = 2.40) and present study (M = 12 years, SD = 2.53)—nor in the level of experience with blood sampling.

In the final step of this part of the analysis, we examined whether the perceived duration of the blood sampling procedure
differentiated by group; the results revealed no significant differences, H(2, 57) = 2.11, p = .35.

Correlation Analysis

In the last phase of statistical analysis, correlations were conducted, this was done for all participants together, and not
on per group basis. The results revealed several interesting relationships. It turned out that the more experience children
had with blood sampling, the more positive attitude associated with it (r = .38), and the less stress during the procedure
itself (r = -.50). The levels of stress and pain experienced during the procedure were also negatively correlated with
children’s attitude before blood sampling. The greater the tension before blood sampling, the greater the stress during
the procedure (r = -.53), and the greater the pain (r = - .42). It is also worth noting that pain and stress levels during
blood sampling were positively correlated (r = .56) (see Table 3).

Table 3. Correlation Matrix for Experience with Blood Sampling, Attitude Towards Blood
Sampling, Pain and Stress Intensity Measures.

Attitude towards blood sampling  Pain  Stress

Experience with blood sampling .38* -18  -.50**
Attitude towards blood sampling - -42% - 53**
Pain - - 56%*

Note. *p < .01, **p < .001.



Discussion

The obtained results confirm the effectiveness of VR as a distractor from painful stimuli. Focusing attention on the VR
game significantly reduced participants’ level of stress and pain. Compared to the control group, the levels of stress was
84.4% lower in the active VR group and 34.7% lower in the passive VR group. At the same time, compared to the control
group, pain levels decreased by 76.4% in the active VR group and by 56.3% in the passive VR group. It is worth noting
that blood sampling is a medical procedure not associated with a high degree of pain; rather, it is more uncomfortable
than particularly painful. Undoubtedly, this procedure is not pleasant—indeed rather stressful for patients—especially
children. The relatively low stress levels observed in this study can likely be explained by the fact that our sample was
comprised of nephrologically ill children who already had considerable experience with blood sampling.

Regarding the passive VR group, the obtained results, although slightly lower than in the active VR group, were also
significant (pain = 0.94; stress = 0.42). Interestingly, the obtained effect sizes clearly exceeded effect sizes from our
previous study. It is puzzling, taking into account that the game used in the current study—although based on the same
principles—was less visually attractive than the previous one due to all of the levels having similar, unchanging graphics.
Perhaps the use of mobile VR meant that the whole procedure was gentler and calmer. The experimenters did not need
to be present in the treatment room during the blood sampling procedure because the equipment handling was much
easier. Additionally, the medical staff were not preoccupied with the presence of other people, which likely had a positive
impact on the entire procedure.

The analysis of the results, however, did not show any particular differences in levels of perceived pain and stress between
groups with active versus passive VR. Although differences between these groups were revealed in the intensity of pain
and stress during the procedure, and thus in the level of pain and stress reduction in relation to the control group, these
differences were not statistically significant. However, when comparing experienced stress between experimental groups,
the effect size was significant (0.84), suggesting that it is worth further investigating different kinds of VR distractions in
order to maximally reduce children’s discomfort during painful medical procedures.

The question arises as to why there was only a small difference (g = 0.47) in the level of perceived pain between the
experimental conditions. One possibility is merely the type of medical procedure utilized in this study. Blood sampling is
a short and not exceedingly painful procedure, which is why the choice of VR environment might not be that important.
Alternatively, mere VR immersion might be important. We tried to make both environments as similar as possible,
differing only in terms of the level of activity required. The subjects rated their engagement in each VR environment
nearly identically—as highly engaging. It is likely that in the case of a longer and more painful medical procedure,
differentiation between VR environment would have greater significance. In particular, some studies have demonstrated
the advantages of active over passive VR distraction (Dahlquist et al., 2007).

The results revealed significant main effect for difference between the groups in their attitude before blood sampling,
although none of the post-hoc comparisons between specific groups reached significance. These conflicting results may
be due to the relatively small sample size. However, it is worth attempting to explain certain differences in children'’s
emotions in the active VR group compared to the control group. On the one hand, these differences could be explained
by the lack of full randomization in the assignment to groups. A more likely explanation, however, is that the participants
in the experimental group expected to experience non-standard blood sampling. They anticipated that the medical
procedure would have a different course than usual. The study procedure required the experimenter to inform the
participants about how the experiment would be carried out. In addition, before the start of the study, children in the
active VR group practiced using the interface and became familiar with the game. In the case of the passive VR group,
children became familiar with the video that was going to be shown to them. In our opinion, the differences in
experienced emotions were likely a result of participants’ attitudes toward the study as opposed to differences related
to perceptions of blood sampling. Children from the active VR group had more positive attitudes and were more curious
because they were excited about a new experience. Information on the use of VR during blood sampling is part of this
procedure. VR cannot be used without participants’ informed consent.

Among existing research, the present study stands out because of the use of mobile VR technology, which is now
available to a wide range of patients. Achieving an analgesic effect using cheap VR equipment has broad applications
for medical practice. Future studies should investigate the effectiveness of distraction using VR for other types of medical
procedures. They could also use physiological indicators of stress (e.g., cortisol level), which was not possible in this study
due to the short duration of the procedure. Another challenge is to develop a research study in which even younger



children (3-5 years old) could participate. Despite its limitations, our study revealed that mobile VR distraction reduced
needle pain and stress in children, and that MOT task can be effectively implemented as a method of VR attention
distraction. We hope that this paper will garner further attention regarding the possible applications of mobile VR
technology as an analgesic tool in medical procedures, particularly for children.
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