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a b s t r a c t
Objective: Millions of children in North America receive an annual ﬂu vaccination, many of whom are at
risk of experiencing severe distress. Millions of children also use technologically advanced devices such
as computers and cell phones. Based on this familiarity, we introduced another sophisticated device – a
humanoid robot – to interact with children during their vaccination. We hypothesized that these children
would experience less pain and distress than children who did not have this interaction.
Method: This was a randomized controlled study in which 57 children (30 male; age, mean ± SD:
6.87 ± 1.34 years) were randomly assigned to a vaccination session with a nurse who used standard
administration procedures, or with a robot who was programmed to use cognitive-behavioral strategies
with them while a nurse administered the vaccination. Measures of pain and distress were completed by
children, parents, nurses, and researchers.
Results: Multivariate analyses of variance indicated that interaction with a robot during ﬂu vaccination
resulted in signiﬁcantly less pain and distress in children according to parent, child, nurse, and researcher
ratings with effect sizes in the moderate to high range (Cohen’s d = 0.49–0.90).
Conclusion: This is the ﬁrst study to examine the effectiveness of child–robot interaction for reducing
children’s pain and distress during a medical procedure. All measures of reduction were signiﬁcant.
These ﬁndings suggest that further research on robotics at the bedside is warranted to determine how
they can effectively help children manage painful medical procedures.
Crown Copyright © 2013 Published by Elsevier Ltd. All rights reserved.

1. Introduction
Vaccinations have an enormous beneﬁt, yet create signiﬁcant pain and distress for children [1]. This paradox has spurred
the development and evaluation of strategies to reduce distress
experienced by many children during vaccinations [2]. Cognitivebehavioral interventions show promise with considerable, but not
consistent, empirical support [3–9]. In fact, utilization of some
strategies such as encouraging caregivers to reassure their children and demonstrate empathy may result in higher levels of
pain/distress compared to baseline control [10,11], and children
are not likely to use coping strategies they are taught [12]. A frequently used intervention is to instruct children to blow. Although
it reduces researchers’ ratings of children’s pain behaviors, children’s, nurses’, and parents’ ratings of children’s pain are not lower
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when compared to a control group [5]. There are many studies that
report signiﬁcant pain reduction when blowing is combined with
a visual stimulus as a form of distraction, such as party blowers;
however, ratings of pain are not consistently lower [7,8]. Drawing on limited attentional capacity theory [13], it is possible that
cognitive-behavioral intervention will have a limited impact on
reducing children’s pain when these stimuli are not as intense
as the painful stimulus. In other words, the valence towards the
distraction and blowing has to be stronger than towards the needle. Another advanced form of technology, virtual reality, has been
explored for procedural-related distraction [14], but has shown
mixed results, with associated nausea and headaches [15,16]. To
address these challenges we evaluated the use of a humanoid robot
as a highly engaging and novel method of facilitating distraction
and blowing for reducing distress during childhood immunizations
with the goal of reducing the burden to children, their families, and
health care professionals.
1.1. Robotics in health care
Research on children’s use of technologically advanced computer driven machines (e.g., cell phones) across the age spectrum
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throughout many countries in the world is well underway [17,18].
The study of other computer driven devices, such as robots and their
contact with children, has recently emerged [19,20]. These studies
indicate that children are eager, receptive, and “pre-programmed”
to engage with robots. Many children, for example, would befriend
a robot and tell it secrets [19]. Indeed, robots are being designed to
exhibit socially engaging and entertaining behaviors, a ﬁeld known
as developmental robotics [21].
The use of robots in health care began in 2001 with the
introduction of a specialized robot arm to perform surgery on
patients at Children’s Hospital Boston. Robots have also been used
to dispense and transport medication and materials in hospitals
[22]. Mobile robot systems are also being tested as a means for
physicians to communicate remotely with their patients and for
lifting patients. Another type, humanoid robots, is designed to
resemble human characteristics such as appearance and movement. Many are uniquely programmed to work with people,
capable of both verbal and nonverbal communication. With emerging research suggesting that mobile robot systems and robot
arms improve patient care [23,24], it seemed timely to examine whether a humanoid robot could reduce pediatric pain and
distress.
We introduced a small humanoid robot in a pediatric hospital to implement cognitive-behavioral strategies while children
received a ﬂu vaccination. The robot utilized strategies (distraction and blowing) that have some empirical support, and seem as
effective as other forms of psychological intervention, for reducing
children’s pain distress while undergoing vaccination [4,9]. Given
the propensity of children for engagement with a robot, it was
expected that they would enthusiastically respond to one in a hospital setting. Thus, it was hypothesized that children who were
distracted by a robot during their ﬂu vaccination would experience lower levels of pain and distress than children without such
distraction.
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2.2. Measures
The Faces Pain Scale-Revised (FPS-R) [25] depicts six faces
expressing increasing levels of pain on a scale from 0 (no pain) to
10 (most pain). It was completed by children, parents, nurses, and
researchers who were asked to consider the children’s strongest
expression of pain during the injection. This scale was printed on
separate sheets of paper so each person could independently complete it (with parents providing some assistance in reading the
instructions for their children when necessary, but all children gave
their own response). Concurrent validity and inter-rater reliability
of scores on this scale are high [26]. In addition, all sessions were
videotaped and coded using the Behavioral Approach-Avoidance
Distress Scale (BAADS) [27]. Children’s behaviors were scored at
nine time points that correspond to speciﬁc steps during the medical procedure (e.g., movement towards chair, skin cleansing) on
two subscales, distress and approach-avoidance. The former consists of items such as “moderate muscle tension, some crying”, and
the latter has items such as “turns away, tries to escape.” Scores
range from 1 to 5. To obtain a single score for each subscale, the
mean of these scores across all nine time points was calculated
with high scores reﬂecting more distress on one subscale and more
avoidance on the other. Studies show that scores on the avoidance
subscale are a good indicator of distress according to concurrent
validity estimates of 0.37–0.57 when compared with other measures of distress [28,29]. Also, interrater and inter-item reliability
estimates are in the acceptable range [28,29]. Moreover, it continues to be recommended as a good measure of distress [30]. Two
raters, who were blinded to the purpose of the study, coded all 57
videos and obtained good inter-rater reliability according to intraclass correlation coefﬁcients of 0.78 on the distress and 0.89 on the
approach-avoidance subscales. In addition to measuring distress,
in the robot group we administered the following question to the
children and parents separately, “Would you want to have the robot
next time you (your child) have (has) a ﬂu vaccination?” Responses
were given on a 5-point scale from “not at all” to “very much.”

2. Method

2.3. Procedure

2.1. Participants

Upon arrival at the clinic, parents completed demographic questions. Then they rated their children’s level of pain during their
previous vaccination using the FPS-R. Their children were also
asked to complete this scale when thinking of their prior vaccination. This scale was re-administered to parents and children after
the vaccination and was also completed by the nurse who gave the
vaccination, and the researcher who observed the session.
Children were randomly assigned to either the robot (14 boys,
14 girls) or comparison condition (16 boys, 13 girls) (see Fig. 1) by
using a computer generated random-number sequence. A stratiﬁed randomization table was used to assign each participant into
groups balanced by sex and age. Allocation was conducted as children arrived to the clinic. A researcher was present in the room for
both conditions (to ensure that the robot and camera were turned
on but did not interact with anyone, and to ensure that no other
medical interventions were used). In the robot condition (Fig. 2),
each child sat beside the nurse and also beside or on the lap of a parent, in front of a three-foot tall humanoid robot. It was seated at the
child’s eye level on a bed with several toy objects on a table resting
on its legs. It was pre-programmed to execute distraction strategies before, during, and after the injection, and to instruct the child
to blow during the injection. These three injection phases occurred
as follows. (1) As the child approached the chair to sit down, the
researcher touched a button for the robot to introduce itself and
begin talking about general interests such as music and movies. It
also motioned with its arm and asked children for a “high ﬁve.” During this activity, the nurse prepared the vaccination. (2) Once the

The study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki and was approved by the Conjoint
Health Ethics Research Board of the University of Calgary. The
steps followed in the conduct of the research design are found in
the Consort E-Flowchart. Children admitted to, or attending outpatient clinics at the Alberta Children’s Hospital in October 2011
were referred for ﬂu vaccination, provided by the Infectious Diseases Clinic by their physicians, or signed up for the vaccination
through posters at these locations. This setting, rather than a family doctor’s ofﬁce or public health clinic, was selected to access
a large number of children within a short time frame. All children received the vaccination, but only those between the ages
of 4 and 9 years were included in the study. This lower age limit
was chosen to ensure that they were able to complete the ratings, and the upper age limit was set to restrict the developmental
heterogeneity of the sample and ensure that the robot’s actions
were developmentally appropriate for the age range. All children
received either Agriﬂu® (Novartis Vaccines and Diagnostics, Inc.)
or Fluviral® (GlaxoSmithKline Inc.) with 0.5 ml administered intramuscularly in the deltoid muscle of either their right or left arm
with a 25 gauge 1 in. needle. The latter was administered when
supply of the former was limited. The vaccines were maintained
at the same temperature for all children. Research nurses administered both vaccines in both groups and were not blinded to the
conditions.

2774

T.N. Beran et al. / Vaccine 31 (2013) 2772–2777

Enrollment

Assessed for eligibility (n= 57)

Excluded (n= 0)

Randomized (n= 57)

Allocation
Allocated to intervention (n= 28)
♦ Received allocated intervention (n= 28)
♦ Did not receive allocated intervention (give
reasons) (n= 0)

Allocated to control (n= 29)
♦ Received allocated intervention (n= 29)
♦ Did not receive allocated intervention (give
reasons) (n= 0)

Follow-Up
Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n= 0)

Lost to follow-up (give reasons) (n= 0)
Discontinued intervention (give reasons) (n= 0)

Analysis
Analysed (n= 28)

Analysed (n= 29)

Fig. 1. Depiction of procedure.

nurse was ﬁnished, the researcher activated the robot again to pick
up one of the toys and place it in a container. While doing so, it was
programmed to state that one toy was dusty and asked the child to
blow on it. In the meantime, the nurse positioned the child, raised
the child’s sleeve, cleansed the skin overlying the deltoid muscle,
and administered the vaccine. The robot repeated the request to
blow to ensure that if the nurse required more time to execute
these tasks, the child would still have an opportunity to blow at
least once. (3) After the injection, the researcher again activated
the robot. It thanked the child for helping with the toy, made some

Fig. 2. Position of robot.

encouraging statements to the child, and waved good-bye. During this time, the nurse placed an adhesive bandage on the child’s
arm. The robot was re-activated for each phase only when the child
and nurse were ready. In the comparison condition children were
also seated with their parent, and in front of the nurse. Several toy
objects were also on a table beside the child. The nurse administered the vaccine using current immunization guidelines [31]. This
included minimal distraction (e.g., “Look at the dinosaurs on the
wall.”). The nurses and parents were given no speciﬁc instructions
about how to act in either condition. Rather, nurses were asked
to administer the vaccination using standard guidelines for both
conditions.

2.3.1. Description of robot
The robot NAO academic edition (Aldebaran Robotics® ) was
used ($12,000 CDN). Some of its features include an on-board fully
programmable computer CPU: x86 AMD Geode with 500 MHz,
256 MB SDRAM and 1 GB ﬂash memory, WiFi (802.11 g) and Ethernet, two cameras with up to 30 frames/s, two hands with self
adaptive gripping abilities, force sensitive sensors on its arms and
feet to perceive contact with objects, light emission diodes in its
eyes and body, four microphones to identify the source of sounds,
and two loud speakers for communication. It runs on a native Linux
Operating system platform and can be programmed using a proprietary SDK called NaoQi, or in C, C++, Ruby and Urbi, which makes it
compatible with other robot simulators such as Microsoft Robotics
Developer Studio. It was programmed to execute the same series
of commands for all children to ensure that everyone had the same
experience with the robot.

T.N. Beran et al. / Vaccine 31 (2013) 2772–2777
Table 1
Demographic and medical characteristics by condition.
Robot

Comparison

Table 2
Means (SDs), F ratios, P values, and effect sizes of distress ratings.
Statistic

P

Sex
Boys
Girls

14
14

16
13

2 (1) = 0.15

0.79

Age
Number of injections

6.36 (1.34)
0.54 (1.37)

6.66 (1.65)
0.45 (0.83)

F(1, 55) = 0.56
F(1, 55) = 0.08

0.46
0.77

Distress at last vaccination
4.59 (1.52)
Parent report
3.22 (2.10)
Child report

4.52 (1.62)
3.24 (1.92)

F(2,53) = 0.02

0.98

Medical condition
Yes
No

14
15

2 (1) = 0.11

1.00

9
19
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Note: Means (SDs) are shown for age and number of injections.

2.4. Statistical analysis
A sample size of 57 was determined sufﬁcient to achieve a
power of 80% at a signiﬁcance level of 0.05 to detect a conventional moderate effect size of 0.40 for between group comparisons
[32]. Differences in demographic characteristics between the robot
and comparison groups were ﬁrst examined using chi square for
nominal level data (i.e., sex, medical condition = yes/no) or analysis of variance (ANOVA) for ratio level data (i.e., age, number of
injections). Differences in children’s distress between the robot
and comparison conditions were analyzed with a multivariate
analysis of covariance (MANCOVA) for parent, child, nurse, and
researcher scores on the FPS-R. The covariates were children’s and
parents’ ratings of pain from their children’s previous ﬂu vaccination. The inclusion of these covariates allowed us to determine if the
intervention led to reduced pain compared with the previous vaccination as well as with the control condition, thereby assessing
whether previous distress accounts for any differences between
conditions. Also, a MANOVA (multivariate analysis of variance) was
used for scores from the two subscales of the BAADS. This method
provides results considered robust for ordinal level data [33]. For
all of the statistical tests, p < 0.05 was deemed signiﬁcant. Statistical
analysis was performed using SPSS 19.0 (SPSS Inc., Chicago, IL).
3. Results
3.1. Participant characteristics
This sample consisted of 30 boys and 27 girls ages 4–9 years
(M = 6.87, SD = 1.34). The majority of children had no injections
(n = 44, 77.2%), 9 (15.8%) had 1–2 injections, and 4 (7.1%) had 3
or more injections in the previous month. Many children (n = 23,
40.4%) had a chronic medical condition (e.g., asthma, cystic ﬁbrosis). As shown in Table 1, there were no signiﬁcant differences in
participant characteristics between the two study conditions. In
particular, age and sex were comparable. Also, the mean number
of injections in the last month and the likelihood of having a chronic
medical condition were similar for children in both conditions. In
addition, there were no signiﬁcant differences between the groups
on children’s or parents’ ratings of pain at their previous vaccination
according to ratings on the FPS-R.
3.2. Children’s pain and distress
Ratings of pain and distress on the FPS-R and BAADS were
ﬁrst compared according to children’s sex and age. There were
no signiﬁcant differences between boys and girls. Age was neither related with the exception of nurses’ ratings of pain on the
FPS-R, which were signiﬁcantly and inversely correlated with age,

Robot

Comparison

FPS-R ratings
Parent
Child
Nurse
Researcher

F

3.33 (3.37)
2.44 (3.52)
3.18 (3.34)
3.48 (2.69)

5.18 (3.73)
4.37 (4.04)
4.96 (3.52)
5.48 (3.49)

5.29
4.46
5.09
6.89

BAADS
Distress
Avoidance

1.68 (0.78)
2.40 (0.74)

2.61 (1.26)
3.24 (0.94)

9.76
11.22

P

Effect size

0.03
0.04
0.03
0.01

0.50
0.49
0.50
0.62

0.003
0.001

0.79
0.90

r = −0.26, p < 0.05. The correlations of the FPS-R scores provided by
parents, children, nurses and researchers of children’s pain during
the vaccination were high (r = 0.83–0.90, p < 0.001).
As shown in Table 2, parent, child, nurse, and researcher ratings
of children’s pain on the FPS-R were lower for the robot than the
comparison condition, Wilks’ Lambda = 0.88, F(4,47) = 1.66, p < 0.05.
In addition, behaviors exhibiting distress and avoidance, according
to the BAADS, were signiﬁcantly lower for the robot than the comparison condition, Wilks’ Lambda = 0.84, F(2,46) = 6.13, p < 0.01. All
results were signiﬁcant, and effect sizes, calculated as Cohen’s d,
were medium to large according to benchmarks [32].
Next, we examined whether the robot was effective with
children who experienced the most pain to determine if the standardized delivery of distraction was as useful with them as with
children who experienced less pain. Using data from the robot
condition only, ﬁrst we recoded children’s pre-test FPS-R scores
whereby values of 4–6 were coded as high, and scores of 1–3 were
coded as low. Second, we calculated a change score by subtracting
the children’s post FPS-R scores from their pre scores. We used
this change score as the dependent variable and compared the
high and low pain groups using a one-way ANOVA. We found that
there was a signiﬁcant difference, F(1,26) = 13.01, p < 0.01, Cohen’s
d = 1.40, with children who reported higher pain at pre experiencing a greater reduction (mean = 2.33) than did children who
reported lower pain at pre (mean = 0.19). Thus, it seems that it was
more useful for children who reported more pain at their previous
vaccination and that standardized programming of the robot was
effective for them.
Responses to whether they would like the robot in the future
were endorsed as follows. Children said “very much” (85.7%, n = 24),
“a lot” (3.6%, n = 1), “unsure” (3.6%, n = 1), or “not at all” (7.1%, n = 2).
Parents provided similar responses: “very much” (85.7%, n = 24), “a
lot” (3.6%, n = 1), “unsure” (3.6%, n = 1), “a little” (3.6%, n = 1), or “not
at all” (3.6%, n = 1).
4. Discussion
To our knowledge, no study has reported the application of a
humanoid robot in the health care setting. This is a preliminary
randomized controlled study, which determined that when distractions are facilitated by a robotic device, children experience
signiﬁcantly less pain and distress compared to children who are
given little or no distraction during a commonly performed medical procedure, vaccination. With effect sizes in the moderate to
high range, these effects are considered clinically signiﬁcant [34].
Programmed to instruct children to blow and divert their attention
to fun topics such as movies and music, it reduced children’s pain
and distress according to reliable and valid reports from parents,
nurses, researchers, and children themselves. In addition to pharmacological and psychological interventions, this study suggests
that technologically enhanced forms of distraction for management of pediatric pain be considered. Programmed with humanistic
characteristics and to execute psychological strategies, a humanoid
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robot shows promise of reducing procedural pain and distress in
children.
Despite some reports of the effectiveness for psychological
strategies [5,24], a review of approximately 30 studies concluded
that their evidence is only “fair” when compared to no strategies
[4]. With concerns about side effects of pharmacological treatment, psychological approaches are clearly desirable. They have
not, however, been shown to be consistently effective for vaccination procedures [4]. A humanoid robot provides a highly engaging
and entertaining distraction that is able to divert children’s attention away from their worry of fear and pain of the vaccination.
It was also able to illicit blowing behaviors from children. Moreover, the vast majority of children and parents indicated they would
like to have the robot for future immunizations. Perhaps the novelty and surprise of seeing a robot strengthened the impact of the
cognitive-behavioral strategies. Indeed, according to McCaul and
Malott [13], the stronger the intensity of the distraction stimulus, the more effective the distraction will be, as it will remove
children’s attention more often from the painful stimulus.
There are several advantages to using a humanoid robot. It is
programmed in advance of the procedure so that health care staff
must only activate it when the child arrives. This requires minimal training (instruction on how to turn it on and off). Its speech
and actions can be programmed according to the age of the child
to ensure appropriate content and level of speech. Pending results
from additional research, it may be beneﬁcial for other medical
procedures. Although more expensive than other distraction tools,
such as videos and party blowers, it is versatile for other possibilities yet to be explored, such as educating families about disease
and disease management. It can, moreover, be programmed with a
variety of distractions such as music, stories, jokes, games, sounds,
dance, and so on that are age appropriate and contemporary. Such
programming can be done by simply dragging/copying icons from
a library, or more complex actions can be created by copying and
combining incremental movements into one ﬂuid motion. These
programming capabilities require minimal information technology
support, which may be readily available at hospitals but perhaps
not at clinics. Maintenance would include recharging the battery.
Results must be interpreted according to the following limitations. The study was conducted at a single center with experienced
nurses who were interested in and not blinded to the purpose of
the study (not possible as the robot was talking). In addition, the
researchers who coded children’s behaviors may have determined
the purpose of the study from watching the videos and may have
been biased, but their scores are consistent with the parents’ and
children’s scores and yielded the same results. Data from multiple centers with more diverse staff are needed to determine if the
results are generalizable. It is also unknown whether the distractions, the blowing, or their combination impacted distress. Also,
although the cost is not prohibitive, it has yet to be determined
whether it is more effective than other methods of distraction to
justify the cost. However, academic and commercial developers are
beginning to view robots as useful tools for helping children overcome the challenges posed by medical conditions such as autism
[35]. Indeed, a recent report detailing diverse results on the use of
robotics in health care shows that robotics can be one of the most
important and cost-effective technologies to enter the health care
system since Information Technology (IT) [36].
There are several avenues for further research needed to understand how children’s engagement with a robot can reduce pain and
distress. It is possible that the number of distractions, rather than
the presence of the robot, is most engaging. Future research can
examine whether the actions or the robot, per se, help children
manage painful medical procedures by comparing a person’s distracting behaviors with a robot’s. Also, the relative importance of
its physical appearance, comments, and actions must be further

examined. Having determined that this novel intervention has a
beneﬁt to children, it is ﬁtting to next compare it against other
interventions and across children with varying characteristics such
as type of illness, in-patient vs. out-patient status, and so on.
In the present study, the robot did not respond uniquely to children’s behaviors. Rather, it was programmed to deliver the same
behaviors for all children. We chose to standardize the robot in this
way to make sure that all members of the experimental group had
the same experience with the robot, and found that it is particularly
effective for those who reported high levels of pain.
Feasibility studies must also determine if reduced pain and distress reduce procedural time. Although the cost may be prohibitive
for some clinics, the durability of such robots can extend beyond 10
years, at which time the cost would be signiﬁcantly lower (based on
observed trends). Once programmed, minimal to no support would
be needed, other than regular maintenance (i.e., $500/year). The
dropping cost of robotic platforms and improvements in technology is setting the stage for signiﬁcant growth and robot availability
within the next decade or two. Considerable research is required
to explore the role of humanoid robotics at the bedside, but this
ﬁrst study provides promising evidence from multiple sources that
it can provide a beneﬁcial impact.
References
[1] Schechter NL, Zempsky WT, Cohen LL, McGrath PJ, McMurtry CM, Bright NS.
Pain reduction during pediatric immunizations: evidence-based review and
recommendations. Pediatrics 2007;119(5):e1184–98.
[2] Jacobson RM, Swan A, Adegbenro A, Ludington SL, Wollan PC, Poland GA.
Making vaccines more acceptable – methods to prevent and minimize
pain and other common adverse events associated with vaccines. Vaccine
2001;19(17–19):2418–27.
[3] DeMore M, Cohen L. Distraction for pediatric immunization pain: a critical
review. J Clin Psychol Med Settings 2005;12(4):281–91.
[4] Taddio A, Appleton M, Bortolussi R, Chambers C, Dubey V, Halperin S, et al.
Reducing the pain of childhood vaccination: an evidence-based clinical practice
guideline. CMAJ 2012;182(18):e843–55.
[5] French GM, Painter EC, Coury DL. Blowing away shot pain: a technique
for pain management during immunization during immunization. Pediatrics
1994;93(3):384–8.
[6] Blount RL, Piira T, Cohen LL. Management of pediatric pain and distress due to
medical procedures. In: Roberts MC, editor. Handbook of pediatric psychology.
3rd ed. New York: Guilford; 2003. p. 216–33.
[7] Bowen AM, Dammeyer MM. Reducing children’s immunization distress in a
primary care setting. J Pediatr Nurs 1999;14(5):296–303.
[8] Manimala MR, Blount RL, Cohen LL. The effects of parental reassurance versus
distraction on child distress and coping during immunizations. Child Health
Care 2000;29(3):161–77.
[9] Uman LS, Chambers CT, McGrath PJ, Kisely S. A systematic review of randomized
controlled trials examining psychological interventions for needle-related procedural pain and distress in children and adolescents: an abbreviated cochrane
review. J Pediatr Psychol 2008;33(8):842–54.
[10] Blount RL, Corbin SM, Sturges JW, Wolfe VV, Prater JM, James LD. The relationship between adults’ behavior and child coping and distress during BMA/LP
procedures: a sequential analysis. Behav Ther 1989;20:585–601.
[11] Chambers CT, Craig KD, Bennett SM. The impact of maternal behavior on
children’s pain experiences: an experimental analysis. J Pediatr Psychol
2002;27(3):293–301.
[12] Cohen LL, Bernard RS, Greco LA, McClellan CB. A child-focused intervention for
coping with procedural pain: are parent and nurse coaches necessary? J Pediatr
Psychol 2002;27(8):749–57.
[13] McCaul KD, Malott JM. Distraction and coping with pain. Psychol Bull
1984;95(3):516.
[14] Dahlquist LM, Weiss K, Clindaniel LD, Law EF, Ackerman CS, McKenna
KD. Effects of videogame distraction using a virtual reality type headmounted display helmet on cold pressor pain in children. J Pediatr Psychol
2009;34(5):574–84.
[15] Blount RL, Zempsy WT, Jaaniste T, Evans S, Cohen LL, Devine KA, Zeltzer LK. Management of pediatric pain and distress due to medical procedures. In: Roberts
C, Steele RG, editors. Handbook of pediatric psychology. NY: Guilford; 2009. p.
171–88.
[16] Regan EC, Price KR. The frequency of occurrence and severity of side-effects of
immersion virtual reality. Aviat Space Environ Med 1994;65:527–30.
[17] Hwang GJ, Tsai CC. Research trends in mobile and ubiquitous learning: a review
of publications in selected journals from 2001 to 2010. Br J Educ Technol
2011;42(4):e65–70.
[18] US Census Bureau: Computer and Internet Use. 2009 http://www.census.
gov/hhes/computer/

T.N. Beran et al. / Vaccine 31 (2013) 2772–2777
[19] Author Blinded.
[20] Melson GF, Kahn Jr PH, Beck A, Friedman B, Roberts T, Garrett E, et al. Children’s behavior toward and understanding of robotic and living dogs. J Appl
Dev Psychol 2009;30(2):92–102.
[21] Meeden LA, Blank DS. Introduction to developmental robotics. Conn Sci
2006;18(2):93–6.
[22] Challacombe B, Khan M, Murphy D, Dasgupta P. The history of robotics in
urology. World J Urol 2006;24(2):120–7.
[23] Rozet F, Harmon J, Cathelineau X, Barret E, Vallancien G. Robot-assisted
versus pure laparoscopic radical prostatectomy. World J Urol 2006;24(2):
171–9.
[24] Satava RM. Emerging technologies for surgery in the 21st century. Arch Surg
1999;134(11):1197–202.
[25] Hicks CL, von Baeyer CL, Spafford PA, van Korlaar I, Goodenough B. The faces
pain scale – revised: toward a common metric in pediatric pain measurement.
Pain 2001;93(2):173–83.
[26] Cohen LL, Lemanek K, Blount RL, Dahlquist LM, Lim CS, Palermo TM,
et al. Evidence-based assessment of pediatric pain. J Pediatr Psychol
2008;33(9):939–55.
[27] Hubert NC, Jay SM, Saltoun M, Hayes M. Approach–avoidance and distress in
children undergoing preparation for painful medical procedures. J Clin Child
Psychol 1988;17(3):194–202.

2777

[28] Bachanas PJ, Blount RL. The behavioral approach-avoidance and distress scale:
an investigation of reliability and validity during painful medical procedures. J
Pediatr Psychol 1996;21(5):671–81.
[29] Bernard RS, Cohen LL, McClellan CB, MacLaren JE. Pediatric procedural
approach-avoidance coping and distress: a multitrait–multimethod analysis.
J Pediatr Psychol 2004;29(2):131–41.
[30] Blount RL, Piira T, Cohen LL, Cheng PS. Pediatric procedural pain. Behav Mod
2006;30(1):24–49.
[31] Canadian immunization guide – 7th ed., Public Health Agency of Canada,
2006. Retrieved from http://www.phac-aspc.gc.ca/publicat/cig-gci/pdf/ciggci-2006 e.pdf [accessed 25.10.12].
[32] Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Routledge; 1988.
[33] Norman G. Likert scales levels of measurement and the ‘laws’ of statistics. Adv
Health Sci Educ 2010;15(5):625–32.
[34] Drotar D. Enhancing reviews of psychological treatments with pediatric populations: thoughts on next steps. J Pediatr Psychol 2002;27(2):167–76.
[35] Duquette A, Michaud F, Mercier H. Exploring the use of a mobile robot as
an imitation agent with children with low-functioning autism. Auton Robot
2008;24:147–57.
[36] Green T. Outlook for health care robotics. Robot Bus Rev for 2013 Dec 2012.

