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Objective: The aim of this study is to assess whether distraction (lack of attentional focus)
and attention (cognitive load) are differentially involved in the analgesic effect of virtual
reality (VR) immersions during a cold pressor test (CPT).

Methods: Thirty-one participants were randomly assigned to four experimental conditions
(high and low cognitive load, attention with or without a reminder of the pain stimuli) and
performed three CPTs. Pain was assessed based on the duration of the CPT (pain tolerance),
a visual analog rating scale of perceived pain intensity during the CPT and the subjective
pain scale of the Short form McGill Pain Questionnaire (SF-MPQ).

Results: The statistical analyses revealed that VR immersions were associated with less pain
compared to the baseline (all p <0.001), but for the experimental manipulations, only the
conditions where there was an increase in cognitive load (ie, from low cognitive load at
Immersion 1 to high cognitive load at Immersion 2) were effective for increasing pain
tolerance (significant Time X Conditions interaction). The interactions were not significant
for pain intensity assessed with the VAS or the SF-MPQ.

Conclusion: The results suggest that increases in cognitive load play an important role in
the analgesic effect of VR immersion, although the combination of attentional focus and
cognitive load may be important. Suggestions are given for designing a replication study.
Keywords: virtual reality, pain, attention, cognitive load, distraction, cold pressor test, CPT

Introduction

Pain is a highly subjective phenomenon influenced by a number of psychological
and physiological variables." According to the model proposed by Leventhal et al,”
distraction is an effective method for reducing pain. It makes it possible to direct
the focus of attention elsewhere than on the emotional or sensory components of
a nociceptive perception.’

A large range of non-pharmaceutical methods have been found to be effective in
reducing pain, from psychological interventions such as cognitive-behavioral
therapy,* biofeedback,’ guided imagery®’ and hypnosis® to distraction techniques
such as listening to music™'® and reading.'' Virtual reality (VR) is a relatively new
technology that allows patients to immerse themselves in a three-dimensional (3D)-
generated world. It can be defined as the use of computer and behavioural interfaces

to simulate the behaviour of 3D entities that interact in real time with each other
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and with a user immersed via sensorimotor channels.'
The immersion creates the illusion that the user has left
the physical environment and is now “present” in the
virtual environment."® According to Hines and Martin'*
and Sylvestre,'> VR meets the necessary criteria to be
qualified as a distractor.'® Indeed, it has the capacity to
take attention away from a potentially harmful stimulus
and direct it towards a neutral or pleasant stimulus by
competing for attentional resources and blocking external
stimulation associated with the painful stimuli.'® The effi-
cacy of this method may involve several mechanisms in
combination with its immersive nature, including diverting
attention away from the nociceptive stimulus and increas-
ing the cognitive load by having the individual perform
tasks that compete for the attentional resources oriented
toward the nociceptive stimulus.

Two literature reviews!”!®

and a comprehensive listing
of the available literature by Sulea et al'® on the use of VR
in pain management were conducted. Overall, more than
100 experimental studies where VR distraction was stu-
died were found. Their results indicated that distraction
using VR immersion can be effective in reducing different
kinds of pain, from painful medical procedures (eg burn

20722 dental procedures;” intravenous (IV)

placements;** implantation of venous access ports;>>=°

patients);

lumbar punctures;®’ and physical therapy.”® A headset
that screens out external stimuli and provides visual sti-
muli combined with an audio distraction seems to be more
distractive than visual stimuli alone.”’ Malloy and
Milling'® also suggested that the use of more sophisticated
VR technology allowing for the full immersion of indivi-
duals in a virtual environment was associated with greater
pain reduction. When examining the results of studies
included in the two reviews on VR,'”'® two factors seem
to emerge as potential mechanisms in VR distraction: (a)
changing the focus of attention and (b) increasing the
cognitive load to allow less attentional resources to attend
to nociceptive stimuli. Indeed, distraction is a complex
phenomenon involving a process by which an individual
diverts his attention away from nociceptive stimuli
towards any strategy aiming to block awareness of the

stimuli or their effects'®!'>3%3!

to help cope with the
pain.*? It allows the individual to actively engage in
a task or a cognitive and/or behavioural activity.
According to Melzack and Wall,>* any task or activity
with the potential to divert the focus of attention away
from the pain and to act as a distractor has the potential to

inhibit pain. When managing sudden painful stimuli, an

individual’s attention will go to the source or location of
the harmful stimulation, causing a decrease or complete
cessation of the current task.** The pain becomes the main
focus, being the top attention-grabbing stimulus of all
environmental and internal stimuli. Since pain is
a warning sign of danger to the organism, it interrupts,
distracts, and demands attention.>® Several researchers
agree that the diversion of attention towards a stimulus
other than the pain itself could have the effect of reducing
the subjective experience of pain in terms of intensity and
feelings of discomfort.**3¢-37

The content of the virtual environment itself also seems
to play a role in pain management.*® Distraction tasks
need to be designed to vary the emotional significance
and the personal relevance of the demand for attention.*”
Graydon and Eysenck®® demonstrated an important dis-
tinction between difficulty and complexity of the chosen
distraction task. The success of a distraction technique is
also dependent on the task being sufficiently difficult to
call upon resources otherwise allocated to pain.’'
Eccleston and Crombez®* divided the factors implicated
in moderating the interruption of the pain into two groups:
factors related to pain (eg intensity, novelty, predictability
and threat) and factors related to the demands of the
environment (eg task difficulty and emotional arousal).
A difficult task will consume most of the cognitive capa-
cities and therefore make it difficult to perform success-
fully on other, unrelated tasks.>' With a higher cognitive
load, the effort expended on a difficult task can consume
attention, reducing the cognitive capacity to process pain-
ful stimuli.”’

The aim of this study was to experimentally assess the
relative importance of cognitive load and attentional focus
on the analgesic effect of VR immersion during a cold
pressor test (CPT). It was hypothesized that the virtual
environment with the highest cognitive load would induce
the most reduction in attention, and thus have the greatest
analgesic effects in terms of increasing reports of pain
tolerance and decreasing reports of pain intensity as

assessed by VAS and questionnaire measures.”!

Methodology

Participants

A convenience sample of 31 participants (20 women and 11
men) participated in the study. Ages ranged from 19 to 51
years, with a mean of 31 (SD = 10.00). They were recruited
through invitations distributed on the university campus and
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through the research assistants’ Facebook accounts and con-
tacts. Interested participants had to contact a research assis-
tant who made first contact and determined eligibility.
Participants were eligible if they were aged between 18
and 60 years old and willing to participate; participants
were excluded if they were suffering from vestibular pro-
blems, epilepsy, migraines, hypertension, cardiovascular dis-
ease, if they were taking any pain medication (including
over the counter pain medication), or if they reported any
current medical condition. The research assistant used
a checklist to determine if the participant met the inclu-
sion/exclusion criteria, and excluded participants who tried
to give a good impression by lasting more than 1.5 mins in
the cold pressor test at the baseline or up to 5 mins during
the experiment. This resulted in a final sample of 31 parti-
cipants (see Table 1 for the number of participants per
condition). This study was approved by the Université¢ du
Québec en Outaouais’s Research and Ethics Board (in accor-
dance with the Declaration of Helsinki and Canadian rules
for ethics in research). Written informed consent forms were
obtained from all participants using a protocol approved by
Université du Québec en Outaouais’s Research and Ethics
Board.

The study was initially designed to have four conditions
(high and low cognitive load, focus of attention directed
towards the hand immersed in cold water [nociceptive stimu-
lus] or towards the foot [neutral stimulus]), with all conditions
counterbalanced over four successive repeated VR immer-
sions and cold pressor tests. However, after two experimental
VR immersions, the cold pressor test displayed ceiling effects

Table | Mean (and Standard Deviation) for Age, Sex and
Baseline Cold Pressor Test

Age Female | Baseline Cold Pressor
(%) Duration (In Seconds)
Condition |: 28.67 44.4 35.50 (10.24)
High CL — FC (13.18)
(n=9)
Condition 2: 25.25 75 38.44 (17.85)
Low CL - FC (10.33)
(n=8)
Condition 3: 28.57 71.4 44.83 (26.57)
High CL - HC (10.6)
(n=7)
Condition 4: 20.86 71.4 37.71 (10.64)
Low CL — HC (1.35)
(n=7)

Abbreviations: CL, cognitive load; FC, video feed of the foot condition; HC, video
feed of the hand condition.

and several extreme outlier data.*' Accordingly, the current
study uses only the data from the first two experimental VR
immersions, thus creating two experimental conditions where
cognitive load either increased or decreased from VR
Immersion 1 to VR Immersion 2, and where the focus of
attention remained the same, changed toward the nociceptive
stimuli, or changed away from the nociceptive stimuli (see
Table 2). This design made it possible to test (a) whether an
increase or decrease in cognitive load in VR had an impact on
pain and (b) whether the impact on pain of a change in
cognitive load was influenced by increasing or decreasing
attention away from the nociceptive stimuli.

Equipment and Measures

Cold Pressor Apparatus

The cold pressor apparatus used in this study was
a commercial wine cooler designed to quickly chill a single
bottle of wine (see Figure 1). This device provided
a continuous circulation of cold water. A digital electric
thermostat was placed in the water during the experimenta-
tion for accurate regulation of water temperature and flow.
The water temperature was kept at 5 «C. Warmer tempera-
tures have been reported to cause problems with ceiling
effects as well as habituation.**

To protect participants from electric shocks due to wear-
ing electrical equipment while in contact with water, each
and every electric device used in the experiment was plugged
into a GFA15-2C independent ground fault circuit interrupter
from Leviton (15 amps, 120 volts, 60 Hz). A stopwatch was
used to monitor pain thresholds and pain tolerance times.

VR Equipment

The immersion was performed using a PC (running on
Windows XP Pro with 4 GB of RAM and an NVIDIA
GeForce 8800 GT video card), an immersive head-
mounted display (HMD) (nVisor SX60 from NVIS with
a 60-degree diagonal field of view and a resolution of 1280

Table 2 lllustration of the Original Experimental Design for the
First VR Immersion

Attentional Focus

Away from

nociceptive stimuli

Toward nociceptive

stimuli

the visual field

Cognitive | High | More flies, foot in the | More flies, hand in the
load visual field visual field
Low | Fewer flies, foot in Fewer flies, hand in

the visual field
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Figure | A screenshot of the virtual apartment (A) — left) and a person (B) — image reproduced with permission by written informed consent) immersed in the virtual
environment with her non-dominant arm in the cold pressor. Note the webcam providing a live video feed of the immersed hand.

X 2014 pixels), a motion tracker attached to the HMD (360-
degree inertial Cube2 from Intersence with a 180 Hz refresh
rate), and a wireless mouse from Microsoft. The video feed
was produced with a webcam (Logitech QuickCam Sphere
AF) connected to the computer (see Figure 1-B). Head
rotations allowed the participants to feel present in the envir-
onment and to aim at flies. Shooting was performed by
clicking on the left mouse button. The virtual environment
was a two-bedroom apartment. The immersion lasted 5 mins.

VR Platform
Participants were told they would visit a two-bedroom VR
apartment while keeping their arm in the water for as long as
they could (see Figure 1). The speed at which participants
travelled through the apartment and direction in which they
travelled was fixed and preprogrammed. Participants accord-
ingly did not have to navigate in the apartment and could
concentrate on the task. The research assistant informed
each participant of their task, which was to kill as many
flies as possible in the virtual environment. To kill flies, they
had to use the target in the centre of their field of view, look
at the flies and left-click on a mouse button to activate
a trigger that would “kill” the flies.

The initial goal was to isolate cognitive load and focus
of attention in a single virtual environment in which two
variables were manipulated during each VR immersion.

Cognitive Load

Cognitive load was manipulated by having either more
flies (n=40; High CL condition) or fewer flies (n=5; Low
CL condition) for participants to shoot at in the VE.

Attentional Focus Condition
Attentional focus was manipulated by presenting participants
with either a live video feed of their hand immersed in the

cold water (Hand Condition — HC, a reminder of the noci-
ceptive stimuli; see Figure 2 for an illustration of the images
displayed in the HMD, with the cold pressor in the field of
view) or the participant’s foot (Foot Condition — FC, stimuli
irrelevant to the source of pain), also in the participants’ field
of view.

Measures

The primary outcome measure was pain tolerance, measured
as the total length of time (seconds) participants left their
hand immersed in cold water. We also measured pain inten-
sity using a visual analog scale (VAS). The visual analog
scale is a horizontal line 10 cm long with two endpoints
labeled “no pain” and “worst pain ever”.*> As soon as
participants removed their hand from the water, they were
required to mark the line at the point corresponding to the
level of pain intensity they felt at the moment.** The distance
from the low end of the line to a participant’s mark was used
to determine the intensity of the pain. This type of scale is
used in a variety of contexts in pain research and is useful

Figure 2 Viewpoint of the participant immersed in VR, with the live video feed
from the cold pressor overlaid on the virtual apartment and the visual target.
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when the experimenter can observe behaviours associated
with pain.*® The Short-Form McGill Pain Questionnaire
(SF-MPQ)* was also administered following each cold
pressor trial. This brief questionnaire (5 mins) assesses the
subjective pain experience, and scores with higher scores
indicating acute pain conditions.** Several studies have
demonstrated its reliability (1 to 3-month test—retest reliabil-
ity ranged from 0.45 to 0.73),*® construct validity (r = 0.
68-0.97 with pain scales of the SF-MPQ),*® and internal
consistency (Cronbach’s alphas = 0.73-0.89).*” No psycho-
metrics properties are available for healthy populations.

Procedure

Prior to the experiment, participants were advised not to take
any prescription or over the counter pain medication. Upon
arrival at the laboratory, participants were seated in
a straight-back chair in an office lab maintained at
a controlled temperature (22°C). The research assistant
then identified the non-dominant arm. Hand temperature
was measured before the start of the procedure. The water
temperature was monitored using a digital thermometer
before and after each trial to ensure that it remained constant.
A research assistant explained the purpose of the task with
the following instructions: You will now proceed to the first
cold pressor test to estimate your baseline level of pain
tolerance. To do so, I will ask you to keep your arm, for as
long as possible, in the cold-water tank. I will ask you to tell
me the moment you will start feeling pain. Then, you can
take your arm off the water tank when the pain is intolerable
and you are under the impression that you cannot continue
anymore. The immersion cannot last longer than 5 mins.
Before the baseline assessments, the research assistant told
participants that the water would be cold and that they might

Consent Baseline

Familiarization
with VR devices

feel cold, numb or pain. The participants’ non-dominant
forearm was placed in 12 inches of cold water. Participants
dried their arm with a warm blanket between each cold
pressor test, and the hand was allowed to return to its initial
temperature before the next test.

Baseline and Familiarization

As mention earlier, all participants underwent a baseline
cold pressor trial during which their pain tolerance was
measured (see Figure 3). No distraction was provided.
Then, a training immersion in VR was performed without
inducing any pain to allow participants to learn how to
navigate in VR and manipulate the equipment.

Statistical Analysis

The dataset was examined to ensure that there was no
outlier and statistical assumptions were met for the rele-
vant analyses. One-way analyses of variance (ANOVA)
were conducted to compare the four conditions (High
CL - FC; Low CL - FC; High CL — HC; Low CL —
HC) on variables such as age and baseline performance
with the cold pressor test, and a chi-squared test was
performed on the sex distribution between the conditions
(see Table 1). For the main analyses, the data were
analyzed with repeated-measures ANCOVAs with two
Times (Immersion 1 and Immersion 2) and four
Conditions (High CL — FC; Low CL — FC; High CL —
HC; Low CL — HC) (see Table 1) and the baseline score
as a covariate. To correct for Type I error, a Holm-
Bonferroni correction was applied to sequentially adjust
the error level at 0.05 (which gives more power to the
analyses than Bonferroni correction).

Questionnaires:
MPQ-SF + VAS

Questionnaires:
MPQ-SF + VAS

+

Random

Screening
* Questionnaire: Questionnaires:
Appointment MPQ-SF MPQ-SF + VAS

Cold pressor
trial #1

Cold pressor
trial #2

assighment

Figure 3 Flowchart of the procedure.
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Results

Comparisons between the conditions for potential differ-
ences in age, sex and baseline performance were not sig-
nificant. The results of the analysis of the differential impact
of cognitive load and attentional focus are reported in Tables
3 and 4. As presented in Table 4, the repeated-measures
ANCOVA showed: (a) a significant effect compared to base-
line for all three variables (pain tolerance, pain intensity and
and (b)
a significant Time X Condition interaction (illustrated in

subjective pain measured with the MPQ);

Figure 4) for the duration of hand immersion during the
cold pressor task only (pain tolerance) after the experimental
manipulations. The interaction for the tolerance on the cold
pressor test was further examined with Time X Condition
interaction contrasts, which revealed an effect of the VR
immersion only in the conditions where there was an
increase in cognitive load from VR Immersion 1 to VR
Immersion 2 [contrast F (330) = 7.635, p < 0.01], without
any impact from changing the focus away or toward the
source of the nociceptive stimuli (see Figure 4).

Discussion

The aim of this study was to assess whether cognitive load
and attentional focus are differentially associated with the
analgesic effect of VR immersion during a cold pressor
test. We hypothesized that immersions in VR would lead
to an increase in pain tolerance during the cold pressor test
and a decrease in pain intensity measured by the VAS and
subjective pain measured by the SF-MPQ.

First, there was a significant effect from baseline on all
measures of pain (increase in pain tolerance and decrease
in pain intensity), replicating the results of previous stu-
dies on VR. Second, there was an effect of VR on the cold
pressor test specific to the two conditions where there was

Immersions,

Second Immersion in VR)

with Conditions Presented

Table 3 Mean (and Standard Deviation) for the Pain Variables in
Both
Increase or Decrease of Cognitive Load from the First to the

in Order of

VR VR
Immersion Immersion
| 2

Pain tolerance (duration of the cold
pressor, in sec.)

Increase CL (Low CL — FC to
High CL — HC)

46.75 (27.23)

64.38 (37.28)

Increase CL (Low CL— HC to | 55.71 (29.51) | 68.57 (33.16)
High CL - FC)
Decrease CL (High CL— FCto | 48.67 (19.81) | 53.22 (26.93)

Low CL - FC)
Decrease CL (High CL — HC to
Low CL — HC)

5571 (31.95)

49.86 (29.88)

Pain intensity (VAS)

Increase CL (Low CL — FC to 63.5 (26.42) 71.13 (27.81)
High CL — HC)

Increase CL (Low CL — HC to 75.0 (22.83) 77.43 (31.18)
High CL - FC)

Decrease CL (High CL — FC to 88.67 (16.2) | 87.11 (19.89)
Low CL - FC)

Decrease CL (High CL-HCto | 84.0 (16.86) | 83.57 (17.23)
Low CL — HC)
Subjective pain (SF-MPQ)

Increase CL (Low CL — FC to 18.25 (15.19) | 18.38 (16.18)
High CL — HC)

Increase CL (Low CL — HC to 15.25 (6.26) 17.14 (9.97)
High CL - FC)

Decrease CL (High CL — FC to 13.89 (10.9) 17.33 (14.32)
Low CL - FC)

Decrease CL (High CL-HC to | 23.0 (15.06) 23.0 (16.92)

Low CL - HC)

Abbreviations: CL, cognitive load; FC, video feed of the foot condition; HC, video
feed of the hand condition; VAS, visual analog scale; SF-MPQ, Short Form-McGill
Pain Questionnaire.

Table 4 F Values and Effect Sizes for the Repeated Measures ANCOVAs

F Values Tests for Partial Eta Squared for the
Interaction
Baseline Time Condition Interaction
(df=1) (df=1) (df=3) (df=3)
Pain tolerance (cold pressor duration, in | 28.32%%* 0.003 0.77 3.47* 0.29
seconds)
Pain intensity (VAS) 25.74%%¢ 0.005 1.36 0.88 0.09
Subjective Pain (SF-MPQ) 62 8¥F* 0.66 0.42 0.99 0.10

Note: * p < 05, ¥**p < 0.001.

Abbreviations: VAS, visual analog scale; SF-MPQ, Short Form-McGill Pain Questionnaire.
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75

70 4

65 -

60

55 +

50

— High CL - FC (CL
decreased at Imm 2)

B LowCL-FC (CL
increased at Imm 2)

<—> High CL - HC (CI
decreased at Imm 2)

<O— Low CL-HC (CL
increased at Imm 2)

45 T
Immersion 1

Immersion 2

Figure 4 Visual illustration of the Time X Conditions interaction for pain tolerance (duration of the cold pressor, in seconds) during the first and second immersion in

virtual reality.

Abbreviations: CL, cognitive load; FC, video feed of the foot condition; HC, video feed of the hand condition; Imm 2, Immersion 2.

an increase in cognitive load from the first to the second
immersion in VR. Being exposed to a video feedback of
their hand did not differ from being exposed to a video
feedback of their foot with regard to pain intensity ratings.

Indeed, the effect of attentional focus on the analgesic
effect of VR was limited in this study. Even though we
detected no difference attributable to attentional focus
(hand vs foot), the results seem to underscore the role of
cognitive load, a crucial element in the distracting effect.
As our results show, when the cognitive load is reduced (ie
fewer flies), the analgesic effect tends to be lost even if the
focus of attention remains unchanged. Our results are
consistent with the findings of Miihlberger et al,*® who
conducted an experimental study on pain distraction and
the effect of cold or warm virtual environments on cold or
hot painful stimuli.

There are several possible explanations for why our
hypotheses were only confirmed on one (pain tolerance on
the cold pressor task) of the three variables. First, our
cognitive load might not have been intense or high enough
to have an impact on both pain tolerance and pain inten-
sity. We designed a shooting game that has been pre-
to be
engaging for participants. Some studies*® showed that

viously shown sufficiently stimulating and
interactive distraction is important to increase the analge-
sic effectiveness of VR. It is possible that our VR envir-
onment was built to be sufficiently interactive so the
increase in cognitive load was sufficient to improve pain
tolerance by 15 s, but yet was not sufficiently stimulating
or engaging to also lead to a significant decrease in pain
intensity, as measured with the VAS and the questionnaire.

Overall, the cognitive load created by the virtual

environment may not have been high enough, in either
situation (High CL and Low CL), and therefore only the
change in cognitive load was significant.

Regarding our second hypothesis, several studies have
suggested that attentional focus is a key concept in
VR.?>* Indeed, these studies demonstrated the power of
adding an element of distraction when it comes to pain
management. It is possible our manipulation of the focus
of attention was not salient enough to influence partici-
pants. However, whether the content of the distractor is
important or not remains an open question. Miihlberger

et al’®

showed that the type of virtual environment used
for distraction has no effect on pain perception or manage-
ment; both warm and cold virtual environments reduced
pain for both heat and cold nociceptive stimuli compared
to the control condition. Our results led us to a similar
conclusion. Even though the content of the virtual envir-
onment was the same for all of the immersions, having
a constant visual reminder of the nociceptive stimuli (ie
hand in cold pressor apparatus) did not seem to affect pain
tolerance ratings or have any impact on any other pain
measure. Therefore, in our study, the main variable asso-
ciated with better pain management seemed to be the
cognitive load. Indeed, the more the virtual environment
changed (ie number of flies or change from foot to hand in
the visual field) between immersions, the more the parti-
cipants’ pain tolerance increased.

The two factors (cognitive load and attentional focus)
also seem to emerge when looking at the results of litera-

ture reviews'”!'8

on VR as a distraction tool for pain
management. Taking the focus of attention away from

the painful stimuli is widely known to be effective when
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it comes to short-term pain management. That being said,
it seems that distraction techniques requiring more atten-
tional capacity (ie cognitive load) are considered more
effective in pain management.>' Indeed, interactive dis-
traction seems more effective at increasing pain tolerance
and threshold than passive distraction, such as simply
navigating through a virtual world.*>® A difficult task is
more likely to consume most of an individual’s capacities,
allowing fewer resources to attend to another unrelated
task.’! Other cognitive variables have been linked to cog-
nitive load. Indeed, a study by Loreto-Quijada et al®'
suggested that perceived control can significantly increase
pain tolerance, pain sensitivity range, and self-efficacy in
tolerating pain in participants in a cold pressor task com-
pared to a control condition. An analysis by Triberti et al>>
regarding the psychological factors influencing the effec-
tiveness of VR analgesia revealed that the sense of pre-
sence (which can be modulated by cognitive load), fun,
and emotions linked to the subjective experience of VR
could influence the outcomes of interventions. However,
most research cannot distinguish which strategy requires
more attention capacity and, therefore, which one would
be useful in the case of pain. This could warrant further
studies.

Limitations and Strengths

There are several limitations of this study that warrant
consideration. First, as mentioned earlier, although our
virtual environment was created to be as stimulating and
engaging as possible, the cognitive load created by the
environment might have been too low. The environment
should be improved in future studies by adding more
stimuli or challenge, as appropriate for different age
ranges. Second, due to problems associated with the
repeated administration of the cold pressor test, only two
VR immersions were examined in the study. This limits
the possibility of comparing all pairing possibilities of
high and low cognitive load with an attentional focus
away or toward the nociceptive stimuli. Nevertheless, an
examination of the two available VR immersions allowed
us to draw some interesting preliminary conclusions.
Third, the psychological factors influencing the effective-
ness of virtual environment analgesia have only been
partially explored in this study and some variables, like
actual emotional experience (eg, distress ratings), were not
assessed and might be worth measuring in future studies.
Fourth, although VAS ratings are often obtained during the
painful procedure, as in Miihlberger et al*® study our

participants scored the VAS immediately after the cold
pressor test. Otherwise, this would have influenced parti-
cipants’ attention during the immersion in VR. The loca-
tion of the visual cue may also need to be reconsidered. It
was placed in the visual field in such a way it would
always remain visible during the immersion (ie, top and
centered). In doing so, the visual cue was not cogently
located where the participant experienced the pain from
his or her hand (below the non-dominant corner of the
visual field). Finally, it would be interesting in a future
study to include a control group that would not have any
of the two images overlaid into the virtual environment.
That would control for the unknown impact of having
a reminder of the physical reality included in the virtual
reality, especially on presence.

Another limitation of this study is the potential selec-
tion bias and the representativeness of the convenience
sample. The participants were recruited through invitations
distributed around the university campus and through the
research assistants’ social network. Even though the
research assistant did not know any of the participants,
the final sample might not have been representative of the
general population due to selection bias.

Conclusion and Future Research

This study aimed to assess the separate impact of cognitive
load from attentional focus in the process of distraction
from pain. Our results show that the increase in cognitive
load from the first to the second immersion in VR led to an
increase in pain tolerance, but being exposed to video
feedback of their hand in cold water did not differ from
being exposed to video feedback of their foot (not in cold
water) with regard to pain ratings. Therefore, the effect of
attentional focus on the analgesic effect of VR seems to be
less important than cognitive load, which appears to be
a crucial element in distracting from pain. Future studies
should focus on cognitive load as their main variable when
designing their virtual environment.
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