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Virtual reality (VR) is an advanced and useful technology in the distraction from pain. The 
efficacy of VR for reducing pain is well established. Yet, the literature analyzing the unique 
attributes of VR which impact pain reduction is scarce. The present study evaluated the 
effect of two VR environments on experimental pain levels. Both VR environments are 
games used with an EyeToy application which is part of the video capture VR family. The 
VR environments were analyzed by expert occupational therapists using a method of 
activity analysis, allowing for a thorough evaluation of the VR activity performance require-
ments. The VR environments were found to differ in the cognitive load (CL) demands 
they apply upon subjects. Sixty-two healthy students underwent psychophysical thermal 
pain tests, followed by exposure to tonic heat stimulation under one of three conditions: 
Low CL (LCL) VR, high CL (HCL) VR, and control. In addition, following participation 
in VR, the subjects completed a self-feedback inventory evaluating their experience in 
VR. The results showed significantly greater pain reduction during both VR conditions 
compared to the control condition (p = 0.001). Hierarchical regression revealed cognitive 
components which were evaluated in the self-feedback inventory to be predictive factors 
for pain reduction only during the high cognitive load (HCL) VR environment (20.2%). 
CL involved in VR may predict the extent of pain decrease, a finding that should be 
considered in future clinical and laboratory research.

Keywords: cognitive load, environments, experimental pain, virtual reality, activity analysis

inTrODUcTiOn

Distraction is a process in which attention is directed away from the nociceptive stimuli and changes 
the quality and quantity of pain (Van Damme et al., 2010; Cohen et al., 2014). Distraction can be 
achieved when attention is directed toward another sensory modality such as visual, auditory, or 
tactile stimuli (Miron et al., 1989) and is commonly evoked by various cognitive tasks (Eccleston and 
Crombez, 1999). Few former studies have evaluated the influence of cognitive load (CL) on analgesia, 
and their findings have been inconsistent. Some studies have shown no interaction between the task 
load and the nociceptive stimuli (Seminowicz and Davis, 2007). Other evidence shows that the CL 

Abbreviations: CL, cognitive load; LCL, low cognitive load; HCL, high cognitive load; CPT, cold pressor test; NPS, numerical 
pain scale; TSA, thermal sensory analyzer; CPM, conditioned pain modulation.
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involved in the task does impact the level of pain decrease (Miron 
et al., 1989; Legrain et al., 2002; Buhle and Wager, 2010). This is 
based on the premise that a task that occupies a person’s attention 
leaves fewer cognitive resources available to focus on the pain 
(McCaul and Malott, 1984). As an example, Romero et al. (2013) 
found that higher attentional resources in a task lead to a higher 
reduction in pain ratings. They found that there is an interaction 
between the intensity of nociceptive stimuli and the level of per-
ceptual load of a task. Nevertheless, there is also evidence which 
shows that pain can attract attention; even when the subject does 
not intend to focus on the pain; its threatening nature withdraws 
attention (Eccleston and Crombez, 1999; Legrain et  al., 2009). 
Regardless, it is imperative to better understand the link between 
distraction-induced analgesia and CL.

Virtual reality (VR) is an advanced and useful technology that 
can be used to distract from pain (Mahrer and Gold, 2009; Kenny 
and Milling, 2016; Dascal et al., 2017). It is thought that VR dis-
traction is effective because it immerses and engages the person 
in a way that involves many senses. Therefore, VR requires higher 
levels of attention (Mahrer and Gold, 2009). VR was shown to 
be effective in pain relief, both in clinical populations, such as 
burn pain patients and in laboratory research of healthy subjects 
(Carrougher et al., 2009; Hoffman et al., 2011); such studies were 
conducted using diverse methodologies regarding both pain 
measures and VR paradigms (i.e., Hoffman et al., 2003). However, 
there is scarce literature examining the specific attribute of VR in 
reducing pain or relating to the cognitive effort that individuals 
need to invest in the environment in order to perform the task 
correctly. Examples of these attributes may be attention, memory, 
or executive functions. In the VR environments chosen for the 
current study, attention is needed in order to follow the paddles or 
light beams presented on the screen. The identification of specific 
attributes may serve as a key for implementing the approach as 
part of individualized medicine.

An assessment of the specific attributes of a task can be 
achieved using a method known as “activity analysis.” Activity 
analysis is one of the earliest tools and a fundamental skill in 
occupational therapy. This process is a careful observation of 
an activity, game, or other therapeutic activity. It is intended to 
assess its features or characteristics for the purpose of identifying 
and defining the dimensions of the activity performance require-
ments. It allows for the comparison of activity A with activity B 
and for the understanding of its therapeutic potential (Kuhaneck 
et al., 2010; Crepeau et al., 2013; Thomas, 2015). Activity analysis 
is usually performed by a therapist in order to decide what kind of 
activity will suit the patient’s need; however, it can be performed 
for research purposes by a few expert judges in the form of a 
questionnaire in order to decide what the activity requirements 
and attributes are. As far as we know, activity analysis has yet to 
be used to analyze VR environment characteristics.

Therefore, the current study aimed to: (1) investigate the effect 
of participation in two VR environments which differed in terms 
of CL demand on experimental evoked pain scores in healthy 
subjects; and (2) identify predictive factors affecting pain reduc-
tion during participation in VR.

The study hypotheses were that: (1) a significant reduction 
in pain ratings will be found following participation in both VR 

environments in comparison with control condition. (2) Redu c-
tion in pain ratings will be significantly greater in the HCL (high 
cognitive load) environment than in the LCL (low cognitive load) 
environment. (3) Higher CL in the VR environment will predict 
pain reduction.

MaTerials anD MeThODs

The current study is a part of a project that has been divided into 
two separate publications: (1) the first publication focused on fac-
tors of gender and conditioned pain modulation (CPM) as predic-
tors affecting experimental pain stimuli reduction, published in 
a previous publication (see Demeter et al., 2014). (2) The current 
study focuses on the CL, addressing comparison to another VR 
environment. Therefore, the “Materials and Methods” section of 
this paper resembles our previous publication.

subjects
The current study recruited 62 healthy subjects (31 males, 31 
females; mean  =  24.2, SD  =  3.7  years) aged 18–35  years. All 
subjects met the inclusion criteria of being pain free, not taking 
any medication, and having the ability to communicate and 
understand all study objectives and instructions. Sample size 
was calculated based on moderate effect size f = 0.25, α = 0.05, 
and power = 0.80. The sample size was set to 48 subjects using 
G*Power software (Faul et al., 2007).

experimental Pain Models
Cold Pressor Test (CPT)—Cold Pain Threshold, 
Tolerance, and Intensity
The CPT apparatus (Heto CBN 8-30 Lab equipment, Allerod, 
Denmark) is a temperature-controlled water bath with a maxi-
mum temperature variance of ±0.5 C, which is continually stirred 
by a pump. Subjects were instructed to insert their right hand into 
the CPT and maintain a static position. After the simultaneous 
activation of a stopwatch, subjects were asked to keep their hands 
submerged in the cold water for as long as possible. A cutoff time 
of 180 s was set for the purpose of safety. Subjects were requested 
to indicate the exact point in time in which the cold sensation 
began to elicit pain. The time until pain was first perceived was 
defined as time to pain onset (seconds). In the current study, the 
water temperature of the CPT was 5°C. Immediately after hand 
withdrawal, subjects were asked to indicate their maximal pain 
intensity on a 0–100 numerical pain scale (NPS), from 0 which 
represented “no pain” to 100 which represented the “worst pain 
one can imagine.” The latency of intolerability (spontaneous hand 
removal) was defined as pain tolerance (seconds). Tolerance for 
subjects who did not remove their hand from the water for the 
entire 180 s was recorded as 180 s.

Thermal Sensory Analyzer (TSA)—Thermal 
Thresholds and Pain Intensity
Cold and heat pain thresholds were determined with the limits 
method on a Medoc TSA-2001 device (Medoc, Israel). A Peltier 
thermode (30 × 30 mm) was attached to the skin above the thenar 
eminence, and baseline (BL) temperature was set at 32.0°C and 
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raised or reduced at a rate of 1°C/s. The stimulator temperature 
range was 0–50°C. Subjects were asked to press a switch when the 
stimulus was first perceived as painful heat or cold. Three read-
ings were obtained for each thermal modality (cold and hot), and 
their averages were determined as pain threshold scores. The TSA 
was also used to determine sensitivity to noxious heat stimula-
tion. Subjects were exposed to tonic heat stimulation (46.5°C, for 
120 s) on the medial part of their left ankle and asked to provide 
feedback on their perception of pain intensity (NPS 0–100).

Assessment of CPM
Conditioned pain modulation is considered to be a manifestation 
of pain inhibition and describes a state whereby the response to a 
given noxious test stimulus is attenuated by another conditioning 
stimulus that is simultaneously administered to a remote area of 
the body (Yarnitsky et al., 2010). Phasic heat stimulations were 
given in order to induce a CPM effect and considered the “test 
stimulation,” whereas cold stimulation was used as a “condition-
ing” stimulation. For further elaboration, see Demeter et al. (2014).

eyeToy
The current study included two EyeToy environments. The EyeToy 
is a popular application from the video capture family, developed 
by the Sony Corporation for use with a Play-Station 2 platform 
(www.playstation.com). It is a low cost, off-the shelf game, allow-
ing interaction with virtual objects presented on a standard televi-
sion screen (Kushner, 2004). The EyeToy presents the user’s image 
in real time, does not require a special environment, and therefore 
is easy to use in any location (Sveistrup et  al., 2003). The user 
does not wear any equipment during participation in the EyeToy; 
therefore, he can move freely. The application includes competi-
tive motivational environments allowing the participation of one 
or more users (Sveistrup et al., 2003). Both of the environments 
used in the current study were taken from “EyeToy Kinetic” 
(EyeToy games CD). The environments were chosen because of 
their similar motor requirements. In the first environment, named 
“Backlash,” the subject is required to move his upper limbs and 
right leg, to avoid contact with four paddles, two paddles on either 
side of the screen, with a central circle. In the second environment, 
named “Equilibrium,” the subject is required to move his upper 
limbs and right leg and be precise in touching light beams appear-
ing on the screen in different positions.

self-Feedback Vr inventory
The self-feedback inventory was prepared for the current study 
and included questions regarding participation in VR based 
on the Presence Questionnaire and Immersive Tendencies 
Questionnaire (ITQ) (Witmer and Singer, 1998). Both question-
naires are internally consistent measures with high reliability 
(Witmer and Singer, 1998). The purpose of the questions was 
to collect knowledge about the subjective responses of the 
participants to the VR experience in each environment. The 
inventory includes a Likert scale of 1–5 (1 = not at all, 5 = a lot) 
which evaluates aspects such as: (1) the ability to predict what 
will happen in response to the subject’s action (anticipation); 
(2) the feeling of skilled movement and interaction with the VR 

environment (movement skills); (3) the ability to block external 
distraction and concentrate on a task (attention and cognitive 
inhibition); and (4) the extent of physical effort demand during 
a task (physical effort).

activity analysis Form
In order to thoroughly analyze and identify different aspects 
of each VR environment, “inter-rater reliability” was tested 
with four experts, using an activity analysis form (Murphy and 
Davidshofer, 1994). Inter-rater reliability is a process in which 
two or more raters classify objects into predefined categories, 
examining the extent to which they agree (Anastasi and Urbina, 
1997). Activity analysis is a tool frequently used by occupational 
therapists for analyzing different activities and identifying the 
skills and demands of a certain activity. This qualitative-based 
form includes 73 items which review general aspects of the activity 
(16 items such as activity description, required preparations, or 
activity structure) and activity performance components: motor 
(16 items), sensory (16 items), cognitive (14 items), psychologi-
cal (19 items), and neuromuscular (8 items). For each item, the 
experts gave a qualitative evaluation regarding a specific VR 
environment to which she/he was exposed (Drake, 1991). There 
was a 100% agreement between raters on 66% of the items in LCL 
and 76.7% in HCL. For the rest of the items in both LCL and HCL, 
there was 50–90% agreement.

study Procedure
Determining VR Environment Characteristics
Four experienced occupational therapists actively participated in 
each VR environment and completed the activity analysis form 
immediately afterward. The occupational therapists were experts 
in cognitive and motor intervention. Agreement among experts 
was calculated. According to the experts’ evaluation, the main 
characteristics of each environment were identified and repre-
sentative titles were given. Specifically, it was found that although 
both environments were based on a similar motor task, the “equi-
librium” environment involved a higher CL and demanded more 
cognitive resources (attention, accurate movement, and problem 
solving) compared to the second environment—“backlash.” 
Consequently, the “backlash” VR environment was named low 
cognitive load virtual reality (LCL), whereas the “equilibrium” 
environment was named high cognitive load virtual reality (HCL).

study Design
Study approval was provided by the Ethical Committee of 
the University of Haifa, Faculty of Social Welfare & Health 
Sciences. Every subject received an explanation of the study, 
signed an informed consent to participate in the study, and 
then underwent a set of pain training tests and an introduction 
to VR environments. After 10  min, a series of pain tests was 
performed to determine each participant’s BL sensitivity to 
pain. The series of tests included measuring heat and cold pain 
thresholds (TSA), sensitivity to noxious cold (time to pain onset, 
tolerance, and intensity), and CPM, as explained above. All tests 
were conducted in random order with 5-min intervals between 
them. Immediately thereafter, each subject went through three 
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Table 1 | Descriptive values of pain parameters examined before the study conditions.

heat pain 
intensity 

cold pain 
intensity 

cold tolerance (s) cold threshold (s) cold threshold (°c) heat threshold (°c) conditioned pain 
modulation

Mean ± SEM 51.6 ± 3.7 83.4 ± 1.7 33.8 ± 5.2 4.9 ± 0.4 9.3 ± 0.9 46.5 ± 0.4 28.9 ± 2.4
Median 53.5 85 20.5 4.0 8. 6 47. 6 25
Range 0–100 40–100 6–180 1–19 0.3–25.6 36.9–50 0–70
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separate experimental conditions in random order: (A) LCL; (B) 
HCL; or (C) heat stimulation without VR (the control condition).  
A 5-min break was provided between each study condition. The 
VR system (Eye-Toy) was turned off during the control condition.

During each condition, subjects were exposed to tonic noxious 
heat stimulation (46.5°C, for 140 s) applied to the medial part of 
the left ankle. Heat pain intensities (NPS 0–100) were reported 
to be 10, 40, 70, 100, and 130 s from the initial heat stimulation, 
as well as 10 s after the stimulation was completed, a total of six 
times. The exposure to each VR environment lasted 120 s parallel 
to the heat stimulation, starting 10 s following the initiation of 
the heat application (right after the first NPS report). Thus, four 
NPSs were measured during VR participation. During participa-
tion in VR, the user did not wear any equipment except for the 
peltier thermode which delivered the heat stimuli to their ankle. 
Immediately after participating in each VR environment, subjects 
filled out the self-feedback VR inventory, providing feedback 
regarding their experience in VR as commonly used in other VR 
studies (Kizony et al., 2006).

statistical analyses
Descriptive statistics described subjects and study variables. 
Repeated measure ANOVA was performed to explore the differ-
ences in the extent of pain decrease between the three study condi-
tions. In order to examine differences between six measurements, 
a Bonferroni post hoc test was performed. Repeated contrast was 
conducted in order to examine the interaction effect. The maximal 
pain decrease from BL was calculated for each study condition 
separately (i.e., ΔLCL, ΔHCL, and ΔControl). A Spearman cor-
relation test examined correlations between all pain measurers 
taken before the three study conditions and pain decrease follow-
ing VR. Hierarchical regression was used to examine the variables 
predicting pain decrease following VR. Results were considered 
significant at the 0.05 level and presented as mean ± SEM.

resUlTs

All the pain measures that were taken before the three study 
conditions are depicted in Table 1.

The mean (± SEM) scores of the self-feedback VR inventory 
(1–5) were as follows: (1) following LCL: anticipation, 3.8 ± 0.91; 
movement skills, 3.9 ± 0.80; attention and cognitive inhibition, 
4.2 ± 0.64; physical effort, 3 ± 0.87; (2) following HCL: antici-
pation, 3.3  ±  1.11; movement skills, 3.1  ±  0.92; attention and 
cognitive inhibition, 4.1 ± 0.85; and physical effort, 1.8 ± 0.85. 
Significant differences between the two VR environments were 
found; in the LCL VR environment, the subjects reported that 
they could better anticipate what would happen in response to 

their action, that they felt more skilled in movement, and that the 
activity had a higher physical effort demand (Figure 1).

effect of Vr Participation on Pain 
intensity—Within-session results
LCL Environment
The mean BL heat pain score taken before exposure to VR was 
63.6 ± 3.3; 30 s after the heat stimulus was administered, the mean 
pain score dropped to 32.8 ± 3 (test 1), 29.0 ± 2.7 (test 2), 30.0 ± 2.9 
(test 3), and 33.0 ± 3.2 (test 4). In the last heat measurement fol-
lowing 120 s from the beginning of the stimulation and right after 
VR was discontinued (test 5), the mean pain score increased to 
47.8 ± 3.5 [RM ANOVA, F(5, 305) = 73.54, p < 0.001, η2 = 0.55]. 
Bonferroni test revealed that in the LCL environment, all pain 
measurements (tests 1, 2, 3, 4, and 5) were significantly different 
compared with BL measurement (p < 0.001).

HCL Environment
The mean BL heat pain score taken before exposure to VR was 
65.6 ± 3.3; 30 s after the heat stimulus was administered, the mean 
pain score dropped to 33.2 ±  24.9 (test 1), 32.7 ±  3.2 (test 2), 
35.4 ± 3.6 (test 3), and 33.6 ± 3.6 (test 4). In the last heat measure-
ment, 120 s from the beginning of the stimulation and right after 
VR was discontinued (test 5), the mean pain score increased to 
45.4 ± 3.9 [RM ANOVA, F(5, 305) = 58.92, p < 0.001, η2 = 0.49]. 
Bonferroni test revealed that in HCL environment, all pain meas-
urements (tests 1, 2, 3,4, 5) were significantly different compared 
with BL measurement (p < 0.001).

Control Session
The mean BL heat pain score was 63.9 ± 3.2, which decreased to 
48.4 ± 3.2 at test 1 [RM ANOVA, F(5,305) = 17.26, p < 0.001, 
η2 = 0.22]. During this session, across the following four measure-
ments, pain ratings were similar: 48.0 ± 3.3, 52.6 ± 3.5, 56.4 ± 3.7, 
and 55.3 ±  4 (tests 2, 3, 4, and 5 respectively). Bonferroni test 
revealed that in the control group, all pain measurements (tests 
1, 2, 3, and 4) were significantly different than BL measurement 
(p < 0.001), except the last measurement (test 5) which was not 
significantly different than BL.

The maximal pain reduction was found to be between test 
1 (BL) and test 3. Therefore, the difference between these two 
measures was calculated and the value, named ΔVR (Δ LCL = Δ 
low cognitive load VR), ΔHCL = (Δ high cognitive load VR), was 
used for further statistical analyses.

effect of Vr Participation on Pain 
intensity—sessions comparison
No significant differences were identified between the three pain 
scores at BL [RM ANOVA, F(2,122) = 0.64, p = 0.53]. However, 
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FigUre 1 | Self-Feedback virtual reality inventory (mean ± SD) (scale 1–5; 1: not at all and 5: very much).
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the reduction in pain intensity across the entire 140 s was signifi-
cantly different between the study conditions [F(10, 610) = 14.53, 
p < 0.001, η2 = 0.19]. Repeated contrast tests showed a signifi-
cantly greater reduction in pain in VR conditions compared with 
control conditions between BL and test 1 [F(2, 183)  =  14.97, 
p < 0.001, η2 = 0.14]. In addition, there was a significant increase 
in pain ratings in test 5 in VR conditions only [F(2,183) = 21.92, 
p < 0.001, η2 = 0.19] (Figures 2 and 3).

Correlations between the Battery of Pain Measures 
and Maximal Pain Decrease in the Three Study 
Conditions
In the LCL environment, the Spearman test resulted in a negative 
correlation between ΔLCL and heat pain threshold (r = −0.27, 
p  =  0.03) and a positive correlation with heat pain intensity 
(r = 0.33, p = 0.01). In addition, a positive correlation was found 
between ΔLCL and CPM (r  =  0.39, p  =  0.002). In the HCL 
environment, only one correlation was found to be significant; 
this was between ΔHCL and CPM (r = 0.40, p = 0.001). All other 
correlations were not found to be significant. In the control con-
dition, no significant correlations were found between Δcontrol 
and battery of pain measures.

regression analyses
Hierarchical regression analysis was conducted for each of the 
study conditions in order to identify predictive variables for pain 
reduction. The following variables were examined as possible 
predictors: gender, all pain measures, and four statements of 
the self-feedback VR inventory (anticipation, movement skills, 

attention and cognitive inhibition, and physical effort). In the 
LCL condition, hierarchical regression showed that 6.1% of the 
pain decrease variance was explained by gender, meaning that 
pain decreased more in men than in women. CPM accounted for 
another 7.5% of the explained variance, indicating that the extent 
of CPM predicted pain decrease (Table 2).

Hierarchical regression showed that gender predicted 10% of 
the explained variance in the HCL condition, as well, meaning that 
pain was less decreased in women than in men. CPM predicted 
11.6% of the variance, meaning that the extent of CPM predicted 
decrease in pain. In addition, two statements of the self-feedback 
inventory (anticipation  +  attention and cognitive inhibition) 
added another 20.2% of the explained variance, meaning that the 
higher the score for abilities of anticipation, attention and cogni-
tive inhibition, the more the pain decreased (Table 3).

No predictive variables were identified in the control condi-
tion [F(4, 56) = 1.89, p = 0.13].

DiscUssiOn

The current study had three hypotheses, of which only the fol-
lowing two were supported in the study: (1) during VR with two 
different CL tasks, pain ratings were significantly reduced with 
no difference in the extent of reduction between the two virtual 
environments; (3) attention and cognitive inhibition, as well as 
anticipation, predicted pain reduction in the HCL environment 
only (Demeter et al., 2016). The second hypothesis was not sup-
ported: (2) reduction in pain ratings will be significantly greater 
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FigUre 3 | Pain intensity measurements (mean ± SD) of six pain scores in three study conditions.

FigUre 2 | Heat pain intensity during three study conditions (mean ± SEM). Asterisks represent differences between the two virtual reality (VR) conditions and 
control within two adjacent time points. LCL, low cognitive load VR; HCL, high cognitive load VR. **p < 0.01, ***p < 0.001.
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in the HCL (high cognitive load) environment than in LCL (low 
cognitive load) environment.

Virtual reality has been shown to be effective as a pain relief 
technique in a variety of clinical pain conditions (i.e., Hoffman 
et  al., 2004; Dascal et  al., 2017) and in the laboratory setting, 
demonstrating its alleviating effect on experimental evoked pain  
(i.e., Hoffman et al., 2003; Sil et al., 2014). Yet, the data examining 
the VR environment attributes that impact pain reduction are 

limited. One study compared the effects of two different environ-
ments (warm and cold) on thermal pain intensities in healthy 
volunteers (Mulhberger et al., 2007). The authors hypothesized 
that a cold environment would reduce heat pain and vice versa. 
Nevertheless, this hypothesis was refuted when no differences 
were found in the effect of each environment on pain in both 
models. Law et  al. (2010) examined whether a higher level of 
central cognitive processing demand (e.g., working memory and 
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Table 2 | Hierarchical regression for predicting variables of pain decrease in an 
LCL environment.

Model 1 Model 2

Variable b se B β b se B β

Gender 9.21 4.70 0.25* 6.53 4.70 0.18
Conditioned pain modulation 0.29 0.13 0.28*

0.061 0.136
F for change in R2 3.84* 5.01*

*p ≤ 0.05.

Table 3 | Hierarchical regression for predicting variables of pain decrease in an HCL environment.

Model 1 Model 2 Model 3

Variable b se B β b se B β b se B β

Gender 14.33 5.65 0.31* 10.24 5.51 0.22 14 5 0.31**
Conditioned pain modulation 0.44 0.15 0.35** 0.33 0.14 0.27*
A + CI an ant 10.91 2.9 0.4***
R2 0.10 0.21 41.2
F for change in R2 6.42* 7.88** 9.95***

*p < 0.05 **p < 0.01 ***p < 0.001.
CPM, conditioned pain modulation; A + CI, attention + cognitive inhibition; ant, anticipation.
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could be that the variation between environments was not sharp 
enough. Therefore, no difference in their impact on pain was 
found. Hence, the contribution of the CL on pain reduction as 
was shown in previous studies (Eccleston and Crombez, 1999) 
cannot be ruled out due to the negative results of the present 
study; further studies are therefore warranted in order to answer 
this issue.

The present study also identified predictive factors affecting 
pain reduction during VR. Three predictors were identified. The 
first two predictors, including gender and CPM are discussed in 
a previous publication (see Demeter et al., 2014). The previous 
publication (Demeter et  al., 2014) included the same sample 
of subjects, while the current research examined another VR 
condition. The last and best predictor identified in this study as 
an efficient pain reducer under VR included the following cogni-
tive components: (1) attention and cognitive inhibition and (2) 
anticipation. These cognitive components made an impact only 
when a high cognitive effort was required within the HCL VR 
environment.

The link between pain and cognitive performance has been 
previously observed in experimental and clinical settings  
(i.e., Coen et al., 2008), and the findings are inconsistent. Atten-
tion constitutes the most studied cognitive component in rela-
tion to pain. Evidence shows that while attending to a painful 
stimulus generally increases perceived intensity (Van Damme 
et al., 2010); previous studies have found that only a sufficiently 
attention-demanding cognitive task can shift attention away from 
pain (Eccleston and Crombez, 1999). Moreover, some evidence 
shows that pain can attract attention, causing the subject to put 
his focus on the pain stimuli rather than being distracted from 
the pain (Legrain et al., 2009). The current study identified not 
only attention but also cognitive inhibition and anticipation as 
possible predictors for pain reduction during a task with a high 
cognitive load. Cognitive inhibition represents the ability to sup-
press irrelevant information and is considered a component of 
executive functions. Other components of executive functions 
include the ability to formulate and maintain goals and strate-
gies and to retain information for further processing (Connor 
and Maeir, 2011). To the best of our knowledge, there is sparse 
evidence relating to the link between executive functions and 
pain inhibitory control. One review (Solberg Nes et al., 2009) has 
proposed a relationship between self-regulation, a component of 
executive functions, and the ability to cope and manage different 
aspects of chronic pain conditions. Although it is important and 

emotional control) involved in a distraction task would increase 
tolerance for cold pressor pain. They compared interactive versus 
passive distraction tasks via a VR-type helmet and demonstrated 
that the effect of distraction on cold pain tolerance was sig-
nificantly enhanced when the distraction task included greater 
demands for central cognitive processing. Loreto-Quijada et al. 
(2014) compared the effects of two VR environments on a set 
of pain-related and cognitive variables. One aimed to distract 
attention away from pain (VRD), and the other was designed 
to enhance pain control (VRC). It was shown that the VRD 
intervention significantly raised the pain threshold and increased 
pain tolerance, while VRC seems to have a greater effect on the 
cognitive variables, such as the negative thoughts that commonly 
accompany pain problems. The current study presented in this 
article focused only on VR environments that aimed to distract 
attention away from pain and showed similar results for pain 
reduction; as mentioned, pain intensity was reduced during both 
VR environments.

The fact that the settings of these laboratory studies are diverse 
in many aspects points to the barriers that limit the generalization 
of conclusions among different studies. The current study adds 
that participation in VR reduces experimental pain intensity 
regardless of a specific cognitive demand environment. While 
the fact that VR is an efficient pain distracter is not novel, the 
similarity of those two chosen environments in their ability to 
reduce pain was surprising. We believe that although a distinction 
in the CL between the two tasks was verified, the CL per se was 
not distinguished enough in this study. When the VR environ-
ments were first chosen, we wished to minimize bias as much as 
possible by choosing similar tasks through the means of general 
presentation and motor activity. Even though the main parameter 
that was identified as diverse was the amount of CL involved, it 

http://www.frontiersin.org/Robotics_and_AI
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adds knowledge about the cognitive aspect, it focuses on studies 
of patients with chronic pain, unlike the current study which 
involved experimental pain in healthy subjects. Another study 
evaluated these links with healthy volunteers exposed to a cold 
pain model (Oosterman et al., 2010); better cognitive inhibition 
(as measured by the Stroop test), but not other executive func-
tions, were found to be associated with less sensitivity to pain. 
Similarly, the current study obtained evidence that high perceived 
cognitive inhibition, as reported by the participant, predicted 
pain reduction.

Anticipation of action is another executive function com-
ponent (Barkley, 1997). When a task is performed repeatedly, 
it is more likely to be automatically processed, which in turn 
reduces the accompanying CL. This renders the task less effec-
tive in competing with pain for attention resources (Eccleston 
and Crombez, 1999). This study revealed, using the self-
feedback VR inventory, that the more the subjects participated 
in the VR environment, the more they reported an ability to 
more accurately anticipate the outcomes of their action. Thus, 
when a subject anticipated the outcome of his actions, he or she 
was less distracted from pain. There was a significant difference 
between the two VR environments in the extent of anticipation. 
In the HCL environment, subjects reported that they were less 
able to anticipate the result of their action. This finding further 
supports the notion that the HCL environment has a higher 
cognitive load. However, the lack of significant difference 
between the environments in the extent of attention needed by 
the subjects may explain the lack of difference in pain reduction 
between the two VR environments.

The uniqueness of the current study also derives from the use 
of the “activity analysis” method for analyzing the VR environ-
ments’ task requirements. This process, which is usually used by 
occupational therapists, allows the practitioner to understand 
the demands placed upon a person who engages in a certain task 
(Thomas, 2015) and can also be used for research purposes. Based 
on our literature review, the current study is the first to compare 
VR attributes using activity analysis.

study limitations
The activity analysis is a basic efficient tool used by occupational 
therapists. However, to the best of our knowledge, it was never 
used before for detecting general differences between VR envi-
ronments and specifically differences in CL. Therefore, further 

validation and future research are recommended for evaluating 
the activity analysis together with objective experimental meas-
ures of the effect of CL. Previous evidence (i.e., Pud et al., 2009) 
shows that sensitivity to pain may be affected by hand dominancy. 
The current study did not evaluate hand dominancy, and it is 
recommended to address the issue in future studies. In addition, 
the subjective experience of the subject in the VR environment 
was evaluated by the Self-Feedback VR Inventory which included 
only a few questions taken from the presence and ITQ (Witmer 
and Singer, 1998). Non-use of these questionnaires as a whole 
may affect their reliability.

In conclusion, this novel study identified evidence for signifi-
cant pain reduction during submersion in two VR environments. 
This aspect needs to be considered when customizing pain treat-
ment protocols for patients coping with pain. Further work is 
necessary in order to assess the benefits of CL in pain reduction.
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