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Research

Children and adolescents with cancer experience frequent 
pain and distress related to the disease and its treatment, 
most notably from needle procedures (Ljungman et al., 
1996; Ljungman, Gordh, Sörensen, & Kreuger, 2000). 
Specifically, the insertion of a needle into an implantable 
venous access device (IVAD) has been shown to be pain-
ful, frightening, and distressing for children, even when 
pharmacological treatments, such as topic anesthetics, 
are used (Lüllmann et al., 2010). It is critical to identify 
nonpharmacological interventions that can also be used 
during needle procedures as part of a multimodal pain 
management approach.

Psychological support during medical procedures, 
such as distraction, is a recommended standard of care 
for all youth with cancer (Flowers & Birnie, 2015). 
Distraction is efficacious for reducing needle-related 
pain and distress in pediatric populations (Uman et al., 
2013), as well as for managing disease and procedure 

pain among children and adolescents with cancer 
(Bukola & Paula, 2017; Jibb et al., 2015). Virtual reality 
(VR) is thought to be a particularly effective distractor 
for pain given its inherent immersive and interactive 
properties (Kenney & Milling, 2016; Malloy & Milling, 
2010), with identified attentional, affective, and neuro-
biological treatment effects (Gold, Belmont, & Thomas, 
2007; Gupta, Scott, & Dukewich, 2018).
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Abstract
Purpose: Needle procedures are among the most distressing aspects of pediatric cancer-related treatment. Virtual 
reality (VR) distraction offers promise for needle-related pain and distress given its highly immersive and interactive 
virtual environment. This study assessed the usability (ease of use and understanding, acceptability) of a custom VR 
intervention for children with cancer undergoing implantable venous access device (IVAD) needle insertion. Method: 
Three iterative cycles of mixed-method usability testing with semistructured interviews were undertaken to refine 
the VR. Results: Participants included 17 children and adolescents (8-18 years old) with cancer who used the VR 
intervention prior to or during IVAD access. Most participants reported the VR as easy to use (82%) and understand 
(94%), and would like to use it during subsequent needle procedures (94%). Based on usability testing, refinements 
were made to VR hardware, software, and clinical implementation. Refinements focused on increasing responsiveness, 
interaction, and immersion of the VR program, reducing head movement for VR interaction, and enabling participant 
alerts to steps of the procedure by clinical staff. No adverse events of nausea or dizziness were reported. Conclusions: 
The VR intervention was deemed acceptable and safe. Next steps include assessing feasibility and effectiveness of the 
VR intervention for pain and distress.
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VR has now been used with adults and children to 
manage a variety of painful experiences, including needle 
procedures, dressing changes, burns, chronic and postsur-
gical pain (Gupta et al., 2018; Kenney & Milling, 2016; 
Mahrer & Gold, 2009; Malloy & Milling, 2010; Won 
et al., 2017). Most previous studies using VR distraction 
for children with cancer have shown reduced procedure-
related pain, fear, anxiety, distress, and physiological 
reactivity, as well as shorter procedure times (Gershon, 
Zimand, Lemos, Rothbaum, & Hodges, 2003; Gershon, 
Zimand, Pickering, Rothbaum, & Hodges, 2004; Sander 
Wint, Eshelman, Steele, & Guzzetta, 2002; Schneider & 
Workman, 2000; Windich-Biermeier, Sjoberg, Dale, 
Eshelman, & Guzzetta, 2007; Wolitzky, Fivush, Zimand, 
Hodges, & Rothbaum, 2005), although not all show posi-
tive effects (Nilsson, Finnström, Kokinsky, & Enskär, 
2009). Recent work with adults showed that use of 
immersive VR significantly reduced opioid use during 
painful procedures (McSherry et al., 2018).

Effective VR distraction interventions are those that 
capture attention, are immersive, fun, interactive, novel, 
and goal-directed (Birnie, Chambers, Spellman, 2017; 
Gershon et al., 2004; Kenney & Milling, 2016; Triberti, 
Repetto, & Riva, 2014). To increase the likelihood of a 
VR intervention to reduce pain and distress among chil-
dren with cancer undergoing IVAD access procedure, as 
well as its uptake in clinical practice, it is important to 
ensure its end user acceptability, satisfaction, and usabil-
ity. Failure to test and adapt VR equipment and interven-
tion has potentially contributed to previous null findings 
of VR for IVAD access in children with cancer (Nilsson 
et al., 2009). Given the immersive properties of VR, nau-
sea and motion sickness sometimes occur (Gold & Mahrer, 
2018; Mahrer & Gold, 2009; Won et al., 2017). Thus, it is 
also important to ensure its safety for use in children with 
cancer by identifying any associated adverse events. The 
purpose of this study was to use iterative usability testing 
cycles to refine the VR distraction intervention (hardware 
and software) for children and adolescents aged 8 to 18 
years with cancer such that it would be deemed: (a) easy 
to use, understandable, and acceptable according to chil-
dren and adolescents; (b) able to be implemented within 
the clinical care environment; and (c) not to cause adverse 
events (e.g., dizziness, nausea).

Method

Sample Selection

A convenience sample of children and adolescents were 
recruited from an outpatient oncology clinic in a univer-
sity-affiliated pediatric tertiary care center in Toronto, 
Canada. Children and adolescents were deemed eligible 
if they were: (a) 8 to 18 years old, (b) undergoing cancer 

treatment and having an IVAD access during their current 
outpatient visit, and (c) able to speak and understand 
English. Children and adolescents were excluded if they: 
(a) had visual, auditory, or cognitive impairments pre-
cluding interaction with the VR intervention; (b) were at 
the end-of-life; or (c) according to institution-specific 
infection control recommendations, had methicillin-
resistant Staphylococcus aureus infection or symptoms of 
respiratory or gastrointestinal infection to avoid contami-
nating VR equipment.

Study Design

A mixed-method approach using iterative cycles of VR 
intervention usability testing and revision was con-
ducted. This design was modeled after established 
usability testing methods for refining new technology 
based on feedback from end users (Kushniruk, 2002). 
Based on usability testing recommendations and prior 
usability testing experience, 2 to 3 cycles of testing with 
5 to 7 children and adolescents with cancer per cycle 
were expected to identify all issues with the VR inter-
vention (Jibb et al., 2017; Macefield, 2009; Stinson 
et al., 2013; Stinson et al., 2015). Testing cycles involved 
observation by a trained research assistant and semis-
tructured audio-recorded interviews.

Study Procedures

This study was approved by the institutional research eth-
ics board. Potential participants were identified and ini-
tially approached by a member of their clinical care team. 
If the child expressed interest, a research assistant 
explained the study and obtained written informed con-
sent from the child or parent. Assent was obtained from 
children whose parents provided informed consent. After 
providing consent, child demographic and disease-related 
information was collected by self- or parent-report. 
Participants were asked to rate their current dizziness, 
nausea, pain, or distress prior to any use of the VR equip-
ment or IVAD access. Participants were given a ~2-min-
ute demonstration of the VR hardware and a verbal 
description of the software.

In Cycle 1, participants tested the VR intervention 
prior to their IVAD access to ensure safety of the inter-
vention in this population and potential adverse events. 
They were asked to “think-aloud” any thoughts or prob-
lems they experienced while using the VR. After testing 
the intervention, the IVAD access procedure was con-
ducted. After the safety of the VR intervention was dem-
onstrated in Cycle 1, for Cycles 2 and 3, participants used 
the VR intervention during their IVAD access. Similar to 
Cycle 1, participants were asked to “think-aloud” any 
thoughts or problems they experienced while using the 
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VR intervention. The research assistant observed the pro-
cedure and took field notes related to any arising issues 
and impact on clinical workflow.

Throughout all cycles, participants were instructed to 
immediately alert the research assistant if they experienced 
any adverse effects (e.g., dizziness, nausea) while using the 
VR intervention. The research assistant was to immediately 
report these to the participant’s nurse or doctor; however, no 
adverse events occurred. An oncology nurse performed the 
IVAD access for all participants as per institutional standard 
of care, which included (a) assessing for appropriate pain/
comfort measures, (b) ensuring a sterile environment, (c) 
identifying IVAD entry site, (d) sterilizing skin, (e) insert-
ing the needle, and (f) applying a sterile dressing. The pro-
cedure is typically completed within 5 to 10 minutes. After 
procedure completion, participants in all cycles completed 
a 5-minute semistructured interview regarding usability and 
acceptability of the intervention. This interview was audio-
recorded and transcribed verbatim. Total study participation 
time was approximately 25 minutes. Participants received a 
$10 gift certificate for study participation.

Measures

Demographics. Demographic information collected at 
baseline, included child age, sex, ethnicity, and school 
grade. Disease-related information included cancer diag-
nosis, date of diagnosis, cancer stage/risk stratum, and 
current cancer treatment (e.g., chemotherapy, etc.).

Baseline Pain and Symptoms. Participants rated their pain 
using an 11-point numeric rating scale (0 = no pain at all; 
10 = most pain you can imagine having), which is a vali-
dated measure for pediatric pain assessment (Castarlenas, 

Jensen, von Baeyer, & Miró, 2017). Participants also 
rated their current distress using an 11-point numeric rat-
ing scale (0 = no distress at all; 10 = most distress you can 
imagine having). The occurrence of nausea or dizziness 
was initially determined using a yes/no question. If pres-
ent, participants were asked to rate the degree of nausea 
or dizziness symptoms as “not bad at all,” “a little bad,” 
“bad,” or “very bad.”

Semistructured Interview. A qualitative semistructured inter-
view guide was developed based on study authors’ previous 
usability testing of technology-based health interventions 
(Jibb et al., 2017; Stinson et al., 2013; Stinson et al., 2015). 
A trained research assistant conducted the interviews with 
children and adolescents. The semistructured interview is 
described in Table 1. Questions focused on ease of use, ease 
of understanding, acceptability (“likes” and “dislikes”), 
impact on children’s and adolescents’ experience, and any 
adverse events of the VR intervention. Questions also asked 
what participants would change about the VR intervention, 
and whether they would be interested in using it during a 
subsequent IVAD access or needle procedure. Participants 
were also asked about nausea or dizziness during use of VR 
program (i.e., adverse events), and any other feelings they 
experienced (e.g., scared, happy, frustrated, bored, relaxed).

Virtual Reality Intervention

Hardware. Participants used an adjustable VR that 
included a stereoscopic display powered by a Samsung 
smartphone (Galaxy S6™) mounted on a lightweight 
(345 g) wireless off-the-shelf head-mounted display with 
a 101-degree field of view for users (Samsung GearVR™). 
A focus wheel on the VR goggles was adjusted to find a 

Table 1. Semistructured Usability Testing Interview Guide.

 1. First, could you tell us about using the virtual reality system?
 2. What did you like best about the virtual reality system?
 3. What did you like least about the virtual reality system?
 4. What did you find hard to use about the virtual reality system?
 5. What did you find easy to use about the virtual reality system?
 6. What did you find hard to understand about the virtual reality system?
 7. What did you find easy to understand about the virtual reality system?
 8. What would you like to change about the virtual reality system?
 9.  We want to use this virtual reality system to help kids take their minds off of some of the things that happen to them in 

the hospital, like having their ports accessed. What would you like to add to this virtual reality system to make it better at 
helping with this?

10. Would you be willing to try out this virtual reality system while you were having a needle poke or port access?
11. While you were using this virtual reality system, did you ever feel queasy (like you thought you might throw up) or dizzy?
12. Were there any other feelings you had while you were using the virtual reality system?
13. Is there anything else you would like to tell us about this virtual reality system?
14. Added questions based on usability testing:

•• Cycle 2: We flashed some lights in the underwater scene to communicate with you while you were using the virtual 
reality system, and we tried talking to you too. Were you able to notice these messages?

•• Cycle 3: Were you able to hear and speak to the nurse when you wanted to during the port access?
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comfortable focal length for each participant. Sound was 
delivered through noise-cancelling headphones (Sony 
MDR 10R Headphones). A lightweight (295 g) wireless 
Bluetooth controller (MOGA PRO™ POWER control-
ler) that required only one hand to operate was used by 
the child or adolescent to interact with the VR environ-
ment. For infection control reasons and because the same 
hardware was used for all participants, disposable cover-
ings were used on the headphones and head-mounted dis-
play, and participants wore a hairnet under the hardware. 
All equipment was cleaned between participants using 
disposable wipes (ZEISS Premoistened Lens Cleaning 
Wipes) and dried for at least 20 minutes.

Software. The VR intervention included auditory and 
visual stimuli to simulate travel as a scuba diver through 
a peaceful underwater environment surrounded by crea-
tures (e.g., sea turtles, fish, whales) and coral reef 
(kindVR® AquaVR™). An interactive game allowed 
participants to aim rainbow balls at underwater creatures 
passing by as they searched for treasure. Slight head 
movements allowed participants to explore the environ-
ment and aim the rainbow balls, which they could launch 
by pressing a button on the controller. When hit, under-
water creatures turned bright colors. The software was 
customized to accommodate patients undergoing an 
IVAD access procedure by programming the game run-
time to suit the typical procedure length and ensuring that 
gameplay interaction minimized torso movement.

Data Analysis

Demographic and disease data were summarized using 
descriptive statistics. Study objectives were addressed via 
qualitative data from participants’ “think-aloud” responses 
while using the VR equipment, semistructured interviews, 
and research assistant field notes. A conventional qualita-
tive descriptive content analysis approach was used to 
identify usability themes according to study objectives 
(Hsieh & Shannon, 2005). Categories were generated until 
all data from the testing sessions were categorized (Patton, 
2014; Sandelowski, 2010). Qualitative data analysis began 
once the first usability session was conducted to allow 
issues identified in earlier sessions to inform data collec-
tion in later sessions using constant comparative analyses 
(Bowen, 2008; Lingard, Albert, & Levinson, 2008). Two 
investigators conducted data analyses and discrepancies 
regarding identified themes were intended to be resolved 
through discussion with a third investigator; however, no 
discrepancies occurred. Any issues or refinements to the 
intervention were addressed in consort with the interven-
tion software developer before another testing cycle was 
initiated. Testing continued until no further issues were 
identified.

Results

Sample Characteristics

In total, 17 eligible children and adolescents partici-
pated (n = 5 in Cycle 1; n = 6 in Cycle 2; and n = 6 in 
Cycle 3). Two additional 8-year-old children were 
approached in Cycle 3 and initially consented to partici-
pate, but declined on entering the procedure room due to 
feeling nervous. See Table 2 for participant demo-
graphic, medical characteristics, and baseline symp-
toms. Participants had a median age of 11 years (range = 
8-18) and were mostly male (12/17; 70%). The most 
common cancer diagnoses were acute lymphoblastic 
leukemia (7/17; 41%) and brain tumor (4/17; 23%). 
Most participants had been diagnosed within the year 
prior to study participation (12/17; 70%). All partici-
pants were receiving chemotherapy for cancer treat-
ment. Most (12/17, 70%) participants reported no pain 
or distress at baseline, although a small number (5/17, 
29%) reported mild to moderate levels of pain or dis-
tress. One participant reported mild nausea at baseline.

Usability Testing of the VR Intervention

In Cycle 1, all participants completed usability testing 
of the VR system prior to the IVAD access. In Cycles 2 
and 3, all participants used the VR during the IVAD 
access. Based on participant feedback, the VR interven-
tion was adapted following each of the three cycles of 
usability testing. The time from completion of a single 
usability testing cycle to implementation of VR inter-
vention refinements by the software developers was 19 
days for changes following Cycles 1 and 2, and 28 days 
for changes following Cycle 3. Themes from usability 
testing interviews and field notes for all three cycles of 
VR testing are presented below. See Table 3 for a sum-
mary of issues raised during usability testing cycles and 
corresponding refinements.

Ease of Use. Across all cycles, most (14/17, 82%) partici-
pants had no difficulties using the VR system. They found 
the controller easy to use and navigating the VR environ-
ment simple. In Cycle 1, when asked whether he encoun-
tered any difficulties, one participant stated: “Nothing. [I] 
found that it was pretty easy to use” (male, 11 years). In 
Cycle 2, one adolescent stated: “ . . . because it was just 
your eyes that were controlling it, the controls were very 
simple” (female, 15 years). In Cycle 3, participants 
thought it was easy to use the controller to aim at the fish 
in the game: “One button control was kind of nice . . . 
especially for when you can’t see anything . . . it’s very 
handy just to push the one button and then just look 
around” (male, 17 years).
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A minority (3/17, 18%) of participants identified 
issues with ease of use. Two participants, one in Cycle 1 
and one in Cycle 3, mentioned difficulty aiming the rain-
bow balls at objects in the environment: “I found the aim-
ing hard, how you had to aim with your head” (male, 10 
years) and “Sometimes when you look at the animals, it 
doesn’t shoot directly where you’re looking” (female, 11 
years). To improve ease of aiming, refinements were 
made to content in the VR environment (i.e., reducing 
speed of bubbles, increasing size of bubbles, and increas-
ing target area of fish when hit by launched rainbow 
balls). In Cycle 2, one participant worried about moving 
their head while maintaining a still posture for the nurse 
to conduct the IVAD access: “Moving my head a lot. Like 
I didn’t know if it was going to do something to the port 

when she was doing it if I moved too much” (female, 10 
years). In response to this, the VR game content (e.g., sea 
creatures, coral, treasure) were placed at the user’s eye 
level or higher to encourage participants to not to look 
down during the procedure. Two participants (11%) in 
Cycles 1 and 3 mentioned that the VR head-mounted dis-
play was big and felt loose on their head. Following Cycle 
1, the research assistant and parent worked together to 
adjust and fit the headset to the child’s head. In Cycle 3, 
this was addressed within the testing session itself by 
readjusting the headset prior to beginning the session. No 
further issues were identified with the VR hardware.

Ease of Understanding. Across all three cycles, most par-
ticipants (16/17, 94%) quickly grasped the objective of 

Table 2. Participant Characteristics and Baseline Symptoms of Pain, Distress, Dizziness, and Nausea.

Cycle 1 (n = 5) Cycle 2 (n = 6) Cycle 3 (n = 6)

Median age in years (range) 10 (8-18) 12 (7-15) 13 (8-18)
Sex, n (%)
 Female 0 3 (50) 2 (33)
 Male 5 (100) 3 (50) 4 (66)
Race/ethnicity, n (%)
 White 3 (60) 3 (50) 4 (66)
 Arab/West Asian 0 0 1(17)
 Chinese 1 (20) 0 0
 Korean 0 1 (17) 0
 Latin American 0 1 (17) 2 (33)
 South Asian 1 (20) 1 (17) 0
 South East Asian 0 1 (17) 0
 Other 1 (20) 1 (17) 0
Cancer diagnosis, n (%)
 Acute lymphoblastic leukemia 1 (20) 2 (33) 4 (66)
 Lymphoma 2 (40) 1 (17) 0
 Brain tumor 1 (20) 2 (33) 1 (17)
 Ewings sarcoma 1 (20) 0 0
 Other 1 (20) 1 (17) 0
Mean duration of illness in years (SD) 0.32 (0.3) 0.71 (0.89) 1.6 (1.11)
Current treatment modality, n (%)
 Chemotherapy 5 (100) 6 (100) 6 (100)
 Radiation 1 (20) 1 (17) 0
 Surgery 1 (20) 2 (33) 0
 Bone marrow/stem cell transplant 1 (20) 0 0
Baseline pain or hurt
 Median 1 0 0
 M (SD) 1.4 (2.07) 0.33 (1.81) 0.67 (1.67)
Baseline distress
 Median 0 0 0
 M (SD) 1.8 (2.68) 0.33 (0.81) 0
Other baseline symptoms
 Dizziness, n (%) 0 (0) 0 (0) 0 (0)
 Nausea, n (%) 0 (0) 0 (0) 1 (17)
  If yes, how bad is it? “a little bad”
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the game and how to use the VR controls. In Cycle 1, one 
participant stated: “It was easy to understand what was 
happening in the underwater scene and how to launch the 
fish and get the treasure” (male, 8 years). In Cycle 2, one 

participant noted: “It was easy to understand the game 
and how to make it work” (male, 8 years). In Cycle 3, 
another participant stated: “It’s easy to learn what to do 
and to aim with your head” (male, 18 years). Only one 

Table 3. Summary of Usability Issues and Refinements Made to Virtual Reality (VR) Intervention.

Cycle 1 Cycle 2 Cycle 3

Ease of use Issue identified: One participant had 
difficulty aiming with their head.

Changes made: The speed of the 
bubbles was reduced and size of 
bubbles was increased to improve 
ease of aim. Target area of the fish 
that could be hit with rainbow balls 
increased to improve ease of aim.

Issue identified: Headphones/headset 
slipped off during procedure.

Issue identified: One participant found 
it difficult to use the controller when 
they could not see the buttons.

Changes made: Research assistant 
ensured adjustment of gear before 
the procedure began.

Issue identified: One 
participant found it difficult 
to hit fish located below and 
peripherally.

Issue identified: One participant 
found it difficult to keep still 
during the procedure while 
moving their head to aim at 
the fish in the game.

Changes made: Aquatic 
creatures were placed at eye 
level or higher.

Issue identified: One participant 
had minor difficulty aiming.

Issue identified: One participant 
reported headset was loose. 
This was addressed in session 
with adjustments to the 
headset.

No further changes made.

Ease of understanding Issue identified: Initially, one 
participant had difficulty 
understanding the goal of the game, 
but then grasped it quickly with 
minimal explanation.

No changes made.

No issues identified. No issues identified.

Acceptability Issue identified: One participant 
wanted more interaction within the 
virtual environment.

Changes made: More fish and 
creatures were added to game to 
increase interactivity.

Issue identified: Participants 
reported an inconsistent 
number of fish during 
gameplay.

Changes made: More fish and 
creatures were added to game 
to increase interactivity.

Issue identified: Participants 
wanted more color change 
to sea life when struck by a 
rainbow ball.

Issue identified: One participant 
momentarily frightened by a sea 
creature coming close to her.

Changes made: All fish and sea 
life modified to change color 
when hit with a rainbow ball. 
A visual “shield” added to 
ensure sea creatures could 
not come too close.

Implementation in 
clinical care

Issue identified: Researchers and 
clinical staff noted game scoreboard 
created a more competitive and 
potentially stressful game for child.

Issues identified: Increased participant 
head movement to look at 
scoreboard.

Changes made: Scoreboard removed 
from game.

Issue identified: Two participants 
preferred to know when certain 
procedural steps were occurring 
(i.e., needle insertion, flush).

Changes made: Optional notification of 
procedural steps with lights was added.

Issue identified: Due to VR 
headset cord would invade 
the sterile field.

Changes made: Wires from VR 
headset taped.

Issue identified: Nurses found 
it simpler and easier to notify 
patients of steps verbally instead 
of the use of another controller 
and electronic system.

Changes made: The notification 
system was removed as 
clinical staff opted to verbally 
notify the patient. This was 
also acceptable to participants.

No issues identified.

Adverse events None None None
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participant in Cycle 1 had difficulty initially understand-
ing how to play the VR game: “It was hard to understand 
the game a little bit at the beginning but then I got the 
hang of it when I started to play a little bit more” (male, 8 
years). Participants reported no issues with ease of under-
standing in Cycles 2 or 3. No changes were made between 
testing cycles.

Acceptability. Most participants felt happy and relaxed 
while using the VR intervention (13/17, 76%), and 
described it as “cool” (male, 11 years and male, 16 years) 
and “fun” (male, 8 years and male, 10 years). Two partici-
pants felt excited while using the VR system. The major-
ity of participants (16/17, 94%) were interested in using 
the VR intervention during a subsequent IVAD access or 
another needle procedure. Across all three cycles, partici-
pants enjoyed the immersive underwater environment, 
appreciated the visuals and accompanying music, as well 
as the ability to independently explore the environment. 
Participants enjoyed the gamification and being able to 
interact with the underwater creatures by launching rain-
bow balls at them. As summarized by one participant: “I 
liked the video and being underwater with the fish . . . I 
liked controlling the video myself where I was looking” 
(female, 14 years).

Two participants, one in Cycle 1 and one in Cycle 2 
felt bored while using the VR intervention because they 
felt it was repetitive or wanted more variety in the game. 
When asked what they liked least about the VR interven-
tion or what they would change, participants mentioned 
further variety or action in the game. Participants sug-
gested more aquatic creatures to interact with and more 
visual features in the underwater environment, such as 
coral or other scuba divers. To address these comments, 
changes were made following each cycle to increase con-
tinuous interactivity within the VR environment (e.g., 
more fish and coral, increase color changes to sea crea-
tures when hit by the rainbow balls launched by the user).

In Cycle 3, one participant requested the headset be 
removed prior to the needle insertion, as she felt fright-
ened by a whale in the VR environment that appeared to 
come near her, stating: “I don’t like sharks” (female, 8 
years). This participant requested the headset be put back 
on as soon as the needle was inserted, and continued to use 
until the end of the procedure. This event did not delay 
procedure completion and the participant stated she would 
use the VR in a subsequent IVAD access. In response, an 
“invisible shield” was added in the software to prevent 
creatures from coming as close to the field of view.

Implementation in Clinical Care. Most issues identified 
regarding implementation of the VR system in clinical 
were observed by research assistants and/or spontane-
ously reported by nurses completing the procedure. In all 

cycles, the research assistants and nurses raised the con-
cern that participants’ downward head movements in 
response to the game caused difficulty for the nurse com-
pleting the procedure. This issue was addressed after 
Cycle 1 by removing the game scoreboard virtually 
located on the VR user’s arm, requiring them to look 
down to see it. It was also addressed in Cycle 2 by placing 
game content at eye level or above (as described above to 
also increase ease of use). During Cycles 1 and 2, the 
research assistant noted the wire connecting the head-
phones to the VR headset was entering the sterile area 
during procedure due to head movement by participants 
during game play. To address this, the wire was taped to 
the headset to prevent further interference. No further 
issues with the headphones were reported.

All participants could hear and communicate while 
using the VR intervention. Some participants preferred to 
communicate with the nurse while the procedure was 
occurring and others preferred not knowing what was hap-
pening during the procedure. In Cycle 1, two participants 
indicated their preference for knowing when certain proce-
dural steps were occurring. In response, an optional chime 
notification system at the start of each procedural step was 
added to the VR program. However, during Cycle 2, clini-
cal staff found the setup and use of an additional controller 
too burdensome for timely completion of the procedure. 
Additionally, it became clear during testing that the nurse 
performing the IVAD access was able to easily communi-
cate verbally with the child while they were wearing the 
headset and headphones. Participants also preferred the 
verbal communication to the optional notification system. 
Thus, the notification chime system was removed follow-
ing Cycle 2. In Cycle 3, participants were satisfied with the 
nurse asking whether they would like to be notified at the 
time of needle insertion, and if so, how (e.g., a gentle tap 
on the arm, or being spoken to by the nurse).

Across Cycles 2 and 3, participants and nurses noted 
benefits of using the VR intervention during the IVAD 
access for increasing distraction and reducing distress. 
One participant mentioned: “I was just distracted and I 
was just sitting there playing it. It was fun and I liked it!” 
(male, 10 years). Another participant stated: “I didn’t have 
to focus on getting my port accessed” (female, 14 years). 
One participant noted the VR as particularly beneficial for 
during the saline flush: “Usually when they put the salt 
water into my [port] I don’t like it and it makes my mouth 
taste really bad but I didn’t even notice it” (female, 14 
years). Although not directed to do so, on another occa-
sion a nurse spontaneously integrated steps of the IVAD 
procedure within the child’s underwater virtual environ-
ment. Specifically, when performing the saline flush, the 
nurse compared it with the taste of the sea. Several nurses 
suggested that preventing patients from seeing the needle 
insertion was helpful in reducing distress.
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Adverse Events. No adverse events occurred. Although 
one participant had minimal nausea prior to using the VR 
and undergoing the IVAD access, they did not report any 
nausea after. Across all cycles, no participants reported 
dizziness or nausea following testing sessions.

Discussion

This study examined the usability, clinical implementa-
tion, and potential adverse events of a VR intervention 
for IVAD access in children and adolescents with cancer. 
The formal evaluation allowed for refinements to both 
the VR software and hardware, and to address any issues 
with implementation into clinical care. A total of 17 chil-
dren and adolescents with cancer aged 8 to 18 years 
tested the VR intervention either prior to or during IVAD 
access. Feedback and intervention refinements were 
made over three iterative cycles of usability testing. 
Refinement of the VR program in a user-centered man-
ner ensured the intervention is easy to use and under-
stand, and acceptable to children and adolescents within 
the clinical environment.

Usability

Overall, children and adolescents found the VR distrac-
tion easy to use and understand, and enjoyed the simple 
interactive nature of the game. More specifically, partici-
pants expressed that they liked the simplicity of the con-
troller, the interactive elements of the game, the ability to 
control the exploration themselves, and the colorful 
underwater scenery. Participants reported the VR inter-
vention was enjoyable and fun, and that they felt happy 
and relaxed during the procedure. These findings suggest 
that the intervention was appealing to children and ado-
lescents. Feedback from participants led to additional 
refinements to the VR game ensuring greater engagement 
and interaction. Level of fun, engagement, and interac-
tion are factors associated with children’s increased sense 
of being in the VR environment (i.e., “presence”) and 
increased attention to the distractor that can, in turn, 
increase efficacy of VR distraction for reducing acute 
pain (Birnie et al., 2014; Birnie et al., 2017; Law et al., 
2011; Malloy & Milling, 2010; Triberti et al., 2014). 
Refinements to increase level of interaction within the 
virtual environment included additional fish, coral, and 
sea creatures, improving ease of aim with the headset, 
and ensuring continuous stream of interactive elements 
throughout the duration of the VR program. All but one 
participant were interested in using the VR intervention 
in a subsequent needle procedure. This is consistent with 
prior work, which found VR interventions easy to use, 
age appropriate, and a distraction activity that children 
and adolescents would be interested in using again (Gold, 

Kim, Kant, Joseph, & Rizzo, 2006; Sander Wint et al., 
2002). Two other refinements were made to the VR pro-
gram in an effort to increase acceptability by reducing the 
potential for distress. These included the removal of the 
game scoreboard and the addition of a “visual shield” to 
prevent sea creatures from coming too close to the user. 
The transient fear response reported by one participant 
when a whale appeared to come close to her suggests a 
high degree of presence in the virtual environment.

Clinical Implementation

In order to optimize the VR hardware for clinical imple-
mentation, changes made included modifying the VR 
game to encourage participants to not look down during 
the procedure, proper set up to prevent VR equipment 
from invading the sterile area on the patients’ chest (e.g., 
taping up the headphone wires), as well as ensuring 
proper fit of the child’s headset. This improved user expe-
rience of the VR intervention by allowing greater respon-
siveness within the VR environment to slight head 
movements by the child. Some participants preferred 
being able to communicate with the nurse to know when 
steps of the procedure were taking place, such as being 
alerted at the time of needle insertion. A variety of options 
were tested over usability cycles, with notification by the 
nurse via gentle tap on the arm or being spoken to by the 
nurse identified as preferred and acceptable by children 
and nurses. Usability testing confirmed that communica-
tion between clinical staff and children during the proce-
dure was not impeded by the VR intervention. This was 
important for implementing some children’s preferences 
for being alerted to steps of needle procedure. It is, how-
ever, in contrast to past lab-based studies which focused 
on ensuring children could not hear other stimuli during 
the VR intervention (Dahlquist et al., 2010).

Adverse Events

Importantly, no adverse events of nausea or dizziness 
were reported by participants while using the VR inter-
vention. Such symptoms have been inconsistently 
reported in prior studies of VR use by children during 
needle procedures (Gold et al., 2006; Gold & Mahrer, 
2018). Ensuring the safety of the VR intervention in this 
arguably higher risk population is critical to its accept-
ability. As has been previously noted, appropriate clean-
ing of VR equipment between uses is important (Mahrer 
& Gold, 2009).

Future Directions

Although assessing the impact of VR on pain and dis-
tress during IVAD access was not the specific purpose of 
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this study, feedback from participants did identify sev-
eral factors in delivery of the VR intervention that may 
be investigated in future studies evaluating its efficacy. 
Increased child immersion and presence have been asso-
ciated with greater treatment benefits for pain (Kenney 
& Milling, 2016; Triberti et al., 2014), and are also 
enhanced through increased field of view or completely 
enclosed visual displays (Dahlquist et al., 2010; Hoffman 
et al., 2006). Consistent with this, the VR head-mounted 
display in this study had a field of view of 101 degrees, 
and precluded participants from seeing anything in their 
periphery. Previous work has identified increased anxi-
ety among children during the VR intervention due to 
such visual occlusion and being unable to watch the nee-
dle procedure (Gershon et al., 2003). Needle-related dis-
tress is significant among children with cancer (Ljungman 
et al., 1996; Ljungman et al., 2000), and high levels of 
fear can impede the efficacy of distraction interventions 
(McCarthy et al., 2010; Verhoeven, Goubert, Jaaniste, 
Van Ryckeghem, & Crombez, 2012). Although children 
and adolescents in this study reported minimal distress 
prior to the IVAD access, some indicated preference for 
being alerted to steps of the procedure. As has been sug-
gested elsewhere, it may be beneficial for future studies 
to assess the role of children’s coping preferences of 
being able to watch or be alerted to steps of the proce-
dure (Mahrer & Gold, 2009); however, any impact of 
these notifications to the users’ experience of immersion 
or presence, and potential efficacy, of the VR interven-
tion should also be considered.

Limitations

The generalizability of this study is limited by its small 
sample from a single tertiary pediatric care center. 
However, usability testing methods suggest that with a 
representative sample of 5 to 7 users, a single cycle of 
design refinement can lead to as much as a tenfold 
reduction in usability problems (Gustafson & Wyatt, 
2004; Kushniruk, 2002). Best practices recommend that 
interventions be tested under the various circumstances 
within which they will be used (Brown, Yen, Rojas, & 
Schnall, 2013; Kushniruk & Patel, 2004; McCurdie 
et al., 2012). A variety of VR programs have been used 
for acute pain (Kenney & Milling, 2016; Mahrer & 
Gold, 2009; Malloy & Milling, 2010), and it is possible 
that results from this study are not generalizable to other 
VR interventions or procedures. Regardless, results sug-
gest the benefits of usability testing with new technolo-
gies. Of note, our study lacked participants undergoing 
IVAD access for the first time, and participants reported 
low levels of preprocedural distress. Thus, refinements 
made to this VR program may be less generalizable to 
children who have previously undergone IVAD access 

and/or are more distressed. This study is unique in for-
mally assessing usability of a VR distraction with its 
end users. Strengths include the user-centered and itera-
tive design approach to refine the VR intervention, as 
well as data from multiple sources.

Conclusions

This study demonstrated acceptability and safe use of the 
VR intervention among children and adolescents with 
cancer and clinical staff for IVAD access procedures. The 
VR hardware and software were tailored based on feed-
back from participants and observation, and included 
changes to aspects associated with potential intervention 
efficacy, such as increased interaction, immersion, and 
fun (Kenney & Milling, 2016; Triberti et al., 2014). 
Usability testing also identified modifications to improve 
successful implementation of the VR intervention into 
clinical care. Next steps include a pilot randomized con-
trolled trial to assess the feasibility and preliminary effi-
cacy of the VR intervention for pain and distress during 
repeated needle procedures. Given the availability of 
other, potentially cheaper, efficacious distractions for 
needle procedures (Birnie et al., 2014; Uman et al., 2013), 
it will be important to compare the VR intervention with 
other distractors. If found to be effective, the VR inter-
vention has the potential to decrease negative impacts of 
invasive care on children with cancer, improve patient 
and parent satisfaction, and children’s quality of life dur-
ing their cancer care experience.
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