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ABSTRACT: Continuous performance tasks (CPT) such as the traditionally formatted task (TFT) and the sustained attention 
to response task (SART) have been used extensively in attention-deficit hyperactivity disorder (ADHD) research due to their 
function in assessing symptoms of sustained attention and inhibition via several metrics (e.g. Task performances, reaction times, 
and brain activity). These tasks, however, poorly reflect daily tasks. This weakens the generality of identified behaviors and their 
associated metrics. Hence, to further investigate these metrics and to improve the ecological validity of these tasks, the SART and 
TFT were conducted in a virtual reality (VR) environment with 17 healthy individuals (Mean age: 21.86; SD: 2.061; 11 Males 
and 6 Females) and 16 people with ADHD traits (Mean age: 23.69; SD: 3.386; 9 Males and 7 Females). Results expressed poorer 
task performances, increased reaction times, and increased reaction time variabilities in the ADHD group for both tasks, though 
to an insignificant degree. These results suggest that introducing elements that improve the ecological validity of the TFT and 
SART via VR (E.g. Lifelike scenarios, interactive environments, distractors) reduce the tasks’ demands for the executive functions 
of sustained attention and inhibition, though further investigation is required.

KEYWORDS: Behavioral and Social Sciences; Clinical and Developmental Psychology; ADHD; Continuous performance 
tasks; Ecological validity.   

�   Introduction
ADHD:
Attention-deficit hyperactivity disorder (ADHD), as defined 

by the American Psychiatric Association,¹ is a neurodevel-
opmental disorder characterized by consistent showings of 
inattention, hyperactivity, and impulsivity. They cite inattentive 
behaviours to include failing to sustain prolonged attention to-
wards a task or failing to follow through or complete an activity, 
whilst citing hyperactive and impulsive behaviours to include 
constant fidgeting or finding difficulty in waiting in turn for 
something. As such, they reason that such behaviors result in 
the impairment of function or development. The severities 
of these symptoms are also not consistent among those with 
ADHD, because they are experienced across a spectrum.¹,²

ADHD is usually first identified in children during pre-
school via hyperactive behaviors; then, inattentive features, 
which become more prominent and impairing with time.¹,³ 
Some symptoms, however, may diminish later in life, during 
adolescence and adulthood.¹,³,⁴

ADHD traits are often assessed with the use of scales such 
as the Adult ADHD Self-Report Screening Scale (ASRS), 
which vary in forms (short-form / long-form) and are continu-
ally updated in accordance with new editions of the diagnostic 
and statistical manual of mental disorders by various research-
ers such as Ustun et al.⁵ They have designed the ASRS to use 
questions, different sections, and scoring systems. By stim-
ulating conversation pertaining to a patient’s symptoms of 
ADHD, professionals can diagnose patients with high levels 
of certainty.⁵-⁷

Continuous Performance Tasks & Executive Function:
Executive functions (EF), refer to the mental processes re-

quired in order to perform tasks that require concentration, 

such as unfamiliar tasks.⁸,⁹ Examples of EFs include working 
memory and inhibition, which may be trained and developed 
over one’s lifetime. EFs are, however, subject to impairment via 
mental disorders, such as ADHD, which might consequently 
affect other aspects of life.⁹,¹⁰

Various tasks have been developed to measure and assess 
particular EFs.¹¹,¹² A widely used measure of response inhibi-
tion and sustained attention are continuous performance tasks 
(CPT). Examples of which include traditionally-formatted 
tasks (TFT; high no-go, low-go) and the sustained attention 
to response task (SART; low no-go, high go).⁹,¹³ Hence, CPTs 
are relevant in the study of ADHD as deficits in sustained 
attention and response inhibition are characteristic of those 
diagnosed with the condition.¹

The CPT-X (a TFT) was originally designed by Rosvold 
et al.¹⁴ to show differences in sustained attention perfor-
mances between brain-damaged and control subjects because 
event-related brain potentials (ERPs) observed in brain-dam-
aged individuals suggested deficits in sustained attention. 
Their task involved presenting a random sequence of single 
letters at approximately 1-second intervals for a period of 10 
minutes. Targets were the letter ‘X’, and non-targets were any 
other letter. A variant of this task, the CPT-AX, is similar to 
the aforementioned task in most ways except that participants 
were to only respond to the letter ‘X’ if it was preceded by the 
letter ‘A’. Differences in task performance between groups in 
both CPTs ultimately demonstrated the tasks’ ability to assess 
sustained attention deficits.¹⁴ In light of improving sensitivity 
or to better suit specific interests, variations of the CPT-X have 
been developed. They change factors that affect demand on 
executive functions like memory load.¹⁵,¹⁶ While it is unclear 
if performance in the CPT and its variations purely measure 
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sustained attention or if it is confounded with factors like in-
hibition, there is still strong support that these tasks measure 
attentional problems in general.¹⁵,¹⁷ To better mitigate this is-
sue, Smid et al.¹⁸ recommended using multiple CPT variants 
to better isolate and study their sustained attention compo-
nents.

The SART was designed by Robertson et al.¹⁹ as an al-
ternative format to TFTs as a sustained attention task. They 
originally used it to investigate sustained attention in patients 
affected by Traumatic Brain Injury (TBI), which typically af-
fects areas of the brain associated with attentional problems 
like the frontal lobe. They also argued that TFTs are highly 
vulnerable to automatization, which is unlike the controlled 
and effortful processing of actions that should be present in a 
sustained attention task. To prevent this, they changed targets 
to non-targets and non-targets to targets to hypothetically in-
crease the attentional load of their task. Hence, unlike TFTs, 
the SART involves frequent key presses to non-targets and the 
need to withhold a response in the case of a target. The SART 
used single digits from 1 to 9 that were presented in a random 
sequence over ~4 minutes with the target being the number 
‘3’, which occurred 25 times out of 225 trials. Each digit was 
presented for 250ms and then masked for 900ms during which 
subjects would respond.¹⁹ Research on the SART, however, 
has suggested that instead of measuring sustained attention, 
the SART is more of a compound measure of sustained atten-
tion and response inhibition, or inhibition alone.¹³,²⁰-²²

With CPTs being used in various studies, several measures 
beyond task accuracies have been investigated. In an effort to 
differentiate errors of inattention and inhibition via scores 
during the CPT-AX, Overtoom et al.²³ conducted the task 
whilst recording participants’ ERPs. They defined inattention 
scores to be missed targets or slow reaction times to the let-
ter ‘X’ that were not preceded by the letter ‘A’ and impulsivity 
scores to be reflected via fast reaction times to letters other 
than ‘X’ preceded by the letter ‘A’ or the letter ‘A’ alone. Dif-
ferences in scores at the experiment’s end were supported by 
presence of corresponding ERPs.²³ Hence, their study pro-
vides a method for scoring participants in terms of inattention 
or impulsivity during a CPT.

In another study by Levy et al.²⁴, the relationship between 
CPT reaction time variability (RTV) as a measure of sus-
tained attention with participants diagnosed with ADHD on 
and off medication was investigated. They explained that in-
creased lapses of attention and slow responses generally lead 
to increased reaction time variability during a CPT. A possible 
explanation for these lapses of attention in ADHD children 
is that they don’t typically suppress introspective thoughts 
during demanding tasks. As such, it was theorized that they 
would show increased reaction time variabilities during a CPT 
performance. Through this study, it was found that CPT-X 
RTV corresponded to ADHD clinician severity. Hence, the 
study’s results suggest that measuring RTV during a CPT-X 
is helpful in ADHD screening tests or in assessing attentional 
problems.²⁴

Brain activity in various frequency bands is also a measure-
ment of interest in the study of ADHD, 

generally represent different states of mind. Loo & Makeig²⁵ 
explain that theta band activity (4-7 Hz) typically represents 
rest and daydream, that alpha activity (8-12 Hz) is negatively 
associated with arousal, and that beta activity (13-25 Hz) is 
associated with mental concentration. Hence, it's unsurprising 
that ADHD individuals generally exhibit increased theta band 
and decreased beta band activities during rest states when 
compared to controls.²⁵ Alpha activity, however, does not 
reliably provide support for ADHD symptoms due to incon-
sistent findings in literature. Nevertheless, such activity may 
be explained by the maturational lag theory.²⁵,²⁶ In healthy in-
dividuals, the posterior regions of the brain generally develop 
faster than the anterior regions.²⁷ Such differences in regional 
development reflect observed differences in theta and beta ac-
tivity between ADHD and healthy individuals.²⁶,²⁸ Hence, the 
theory reasons that a dysfunction in brain maturation results 
in frontal lobe dysfunction. This theory has been substantiated 
via multiple studies, which have found increased theta activity 
and decreased beta activity in all regions measured in ADHD 
children and adolescents, but only increased theta activity in 
the anterior region for ADHD adults.²⁶-²⁸ Therefore, there has 
been support that ADHD symptoms may be studied by ob-
serving the frontal lobe’s theta and beta activity.²⁵,²⁶

Despite extensive findings in ADHD research via the TFT 
and SART, however, Tucha et al.²⁹ argue that these CPTs fail 
to reflect daily tasks accurately. They mention that unlike the 
TFT and SART, daily tasks require higher activation levels, 
frequent interactions, and flexible switching between tasks. 
This highlights the issue that most CPTs and their associated 
findings might be ecologically invalid compared to tasks from 
daily life.

Virtual Reality & Ecological Validity:
Ecological validity is a term often used to describe how well a 

test measures real-world performance or reflects the behaviour 
of its actual population, allowing for generalization.³⁰,³¹ For 
high ecological validity, Musso et al.³⁰ state that test environ-
ments, stimuli used during testing, and behavioral responses 
should closely resemble their real-world counterparts. That 
being said, it is both difficult to conduct an ecologically valid 
test and to objectively measure ecological validity due to broad 
definitions, the multitude of factors present in the context of 
every different experiment, and the need to maintain control 
over said experiment.³⁰,³²,³³ It is often suggested that virtual 
environments could provide an appropriate middle ground to 
overcome the issues above.³⁰

Vince³⁴ and Lowood³⁵ define virtual reality (VR) as com-
puter models and simulations that enable users to interact with 
an artificial environment. They cite examples of such environ-
ments as 3D visual ones or those of other senses. Users are 
typically immersed in VR via headsets and controllers that act 
as inputs, outputs, or both.³⁴-³⁶

VR has been adopted across many different fields, including 
behavioral sciences research. In 2010, a study investigating the 
ecological validity of VR environments demonstrated complex 
social behaviours in participants, such as the bystander effect 
and time pressure via simple games.³⁷ VR has also been suc-
cessfully utilized in many other studies that include but are 
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not limited to spatial navigation, the body transfer illusion, and 
findings in neuroscience related to the autism spectrum disor-
der.³⁸

The success and adoption of VR simulations within research 
may be accredited to its many appealing features. Firstly, VR 
allows for the practice of potentially dangerous activities to be 
conducted in a safely.³⁹ Next, inciting and controlling multi-
ple stimuli becomes possible in VR, allowing experimenters 
to simultaneously provide realism to a simulation and to ac-
count for uncontrollable variables found in the real world.³⁸,⁴⁰ 
Through VR simulations, it’s also possible to record user data 
such as brain activity.³⁸ With reasons as such, VR often pro-
vides a middle ground between a controlled environment and 
contextual stimuli.³⁸,⁴⁰ Hence, with all its past successes and 
powerful potential uses, VR has proven that it could be incred-
ibly useful and ecologically valid in research when employed 
correctly.

The Present Study:
The present study aims to improve the ecological validity 

of CPTs via VR use. In doing so, the study aims to substan-
tiate existing research regarding potential diagnostic markers 
for ADHD.

Through the use of a VR system and by taking into account 
the suggestions and findings of previous studies,¹³,¹⁸,²³,²⁹,⁴¹ we 
therefore, propose making use of multiple CPT variations such 
as a Traditionally-Formatted Task (TFT) and the SART to 
better isolate various components related to its performance, 
such as sustained attention; differentiate errors due to lack 
of sustained attention and inhibition via omission and com-
mission errors respectively; modify tasks to better reflect daily 
tasks; and to record brain for greater insight into the subject.

By additionally considering consistent findings between 
independent studies, compared to an adult control group, hy-
potheses regarding people with ADHD traits performing the 
TFT and SART were made: (H1) They would have poorer 
performance scores for each CPT;¹⁴,¹⁹,²³,²⁴,²⁹,⁴² (H2) exhibit 
deficits in attention via omission errors;¹⁴,¹⁹,²³,²⁴,²⁹,⁴² (H3) ex-
hibit deficits of inhibition via commission errors only in the 
SART (High-Go) and not in the TFT (Low-Go) due to the 
SART’s increased demand for inhibition;¹³,²⁰-²³,⁴² (H4) have 
heightened RTVs;²⁴,⁴² (H5) have heightened theta activity in 
frontal regions.²⁵-²⁸
�   Methods
Participants:
17 controls (Mean age: 21.860; SD: 2.061; 11 Males and 

6 Females) and 16 people with ADHD traits (Mean age: 
23.690; SD: 3.386; 9 Males and 7 Females) were recruited 
via the University College London (UCL) SONA for this 
study. Participants within the ADHD trait group self-reported 
symptoms of ADHD. The study was approved by the UCL 
Research Ethics Committee (6252/002). Additionally, all 
participants received £15 for participation and had their trav-
el expenses covered if they were within the M25 area. Before 
the start of the experiment, each participant received an infor-
mation sheet regarding the nature of their tasks and signed a 
consent form.

Materials:

The Adult ADHD Self-Report Scale Screener5 (ASRS-5) 
was used by participants for ADHD self-reporting. A virtual 
environment made with the use of Unity was employed in or-
der to conduct the tasks for this study. The environment was 
a lecture hall with a main screen. It was filled with students 
as well as a lecturer. The participant is seated within the hall 
with a book in front of them. A paper plane would also fly 
once across the hall to act as a distractor within the environ-
ment. The paper plane, the hall’s screen, and all human avatars 
were animated and produced ambient noise. Human avatars 
and their animations were created and imported respectively 
from DAZ3D. Sounds were similarly imported from https://
freesound.org/. All other models used throughout the environ-
ment were imported via the Unity Asset store, and the Unity 
environment itself was developed using C#. A HTC Vive Pro 
headset fitted with a Looxid Link EEG mask attachment was 
used to enable participants to interact with the aforementioned 
virtual environment. The headset was connected to an Alien-
ware M15 Ryzen Edition R7 laptop. For each participant, a 
questionnaire consisting of 6 questions that were rated on a 
Likert scale was prepared and then conducted at the end of 
each task (See Appendix A). 

Procedure:
Participants were first tested for normal vision and hearing 

to ensure that they were suitable for the tasks involved in the 
study. Those that were suited were then counterbalanced via as-
signment into one of three groups to determine whether their 
starting task would be the SART or a Traditionally-Formatted 
Task (TFT). Two groups consisting of 10 and 13 participants 
first performed the TFT, while the remaining group of 10 par-
ticipants first performed the SART. VR headsets were first 
placed over users before starting the tasks’ Unity environment. 
User calibration and practice trials were then conducted after 
participants read instructions for each task. After these practice 
trials were the actual SART and TFT tasks then conducted. 
Both tasks involved 225 digits from 1 to 9 appearing on the 
book in front of the participant for 1.15 seconds after a delay 
of 1.15 seconds. Each digit is presented 25 times (225/9) in a 
random order. During SART, all numbers except the number 3 
were to be attended to via a button press on the VR controller. 
During the TFT, only the number 3 should be attended to. 
The Unity environment was stopped at the end of both tasks 
and participants had their VR headsets removed. Participants 
also filled out questionnaires at the end of both tasks.

Measures:
Measures such as task accuracies, reaction times, the present 

digit displayed, and the timestamp of each button press were 
captured via the unity environment and recorded in a MySQL 
database. EEG measurements were recorded during each task 
using a Looxid Link EEG attachment for the HTC Vive Pro. 
The attachment includes sensor electrodes at the AF3, AF4, 
AF7, AF8, Fp1, Fp2 and a reference electrode at the FPz of 
the 10-10 system. Theta, alpha, and beta activity were obtained 
through built-in software and the provided Unity API. Mea-
surements regarding the ecological validity of the experiment 
and participant sentiment during each task were recorded via 
post-task questionnaires.
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Data Analysis:
For each task, absolute accuracies were calculated (correct 

responses / total number of responses). These scores were 
used to measure task performances between groups, akin to 
Rosvold et al.¹⁴ Due to several outliers in these accuracies, data 
that exceeded an absolute Z-Score of 2 were winsorized to 
either their 5th or 95th percentiles. Additionally, because of 
an observed ceiling effect in the resulting data, accuracies were 
compared between groups through a Mann-Whitney U test.

Inattention scores and impulsivity scores were calculated 
for each task. Inattention scores were defined as the number 
of omission errors / maximum possible omission errors. Im-
pulsivity scores were defined as the number of commission 
errors / maximum possible commission errors. Because of an 
observed floor effect for the inattention scores in both tasks 
and the impulsivity scores in the TFT, scores were compared 
between groups through a Mann-Whitney U test. Impulsivity 
scores for the SART did, however, achieve a normal distribu-
tion. Hence, a t-test was conducted on the SART’s impulsivity 
scores across both tasks. The SART’s inattention scores were 
also compared across tasks with the Mann-Whitney U test.

For each user on both tasks, reaction times (RT) with an 
absolute Z-Score of more than 2 relative to a user’s mean re-
action time were removed due to their strong influence on a 
user’s RT variability. Reaction time variability (RTV) and CV 
(RTV / Mean RT) were then calculated with this new data 
set. Because of a positive skew present in both tasks for RTV, a 
log10 transformation was conducted to achieve a normal dis-
tribution. Both CV and RTV were then analyzed via a 2-way 
ANOVA - Groups (Control, ADHD) x Task (TFT, SART).

EEG measures lost complete data for 2 control participants 
and suffered from minor data loss in other participants due 
to software fault. Hence, an XGboost regression model was 
trained and used for missing data predictions. Outliers iden-
tified by the 1.5 x IQR rule were removed from the resulting 
dataset. Theta, beta, and TBR values were then grouped accord-
ing to an overall region (an average of all electrode readings), 
the Fp Region (an average of Fp1 and Fp2 electrode readings), 
and the AF region (an average of AF3, AF4, AF7, and AF8 
electrode readings). Each region was then analyzed via a 2-way 
ANOVA - Groups (Control, ADHD) x Task (TFT, SART).

Questionnaires were summarised with the counts and rel-
ative proportions of each prompt. An agreed or disagreed 
sentiment would then be determined for each prompt based 
on whether each prompt had a mode of agreement (“Agree” 
+ “Strongly Agree”) or disagreement (“Disagree” + “Strongly 
Disagree”). Doing so enables the comparison of each group’s 
sentiment towards a prompt for each task.
�   Results and Discussion
Task Performance Measures:

* RTV refers to the RTV values after a log10 transformation

* Reaches significance but isn’t relevant to hypothesis testing

Table 1: Descriptive Statistics for Absolute Accuracies, Inattention Scores, 
Impulsivity Scores, RTV, & CV.   

Table 2: Hypothesis Testing Summary for Relevant Task Performance 
Measures.   
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* Reaches significance but isn’t relevant to hypothesis testing

Results indicated that when compared to the control group 
for both tasks, the ADHD group had lower absolute accura-
cies (TFT [U= 175.00, p= .168], SART [U= 146.00, p= .736]), 
heightened inattention scores  (TFT [(U= 105.50, p= .276], 
SART [U= 128.00, p= .790]), and heightened impulsivity 
scores (TFT [U= 127.00, p= .763], SART [t= 0.250, p= .804]), 
though such differences were not significant. These results 
suggest the rejection of H1, H2, and H3. It can also be noted 
that while the overall inattention scores were marginally lower 
in the SART than in the TFT (U= 518.00, p= .708), overall 
impulsivity scores were significantly higher in the SART than 
in the TFT (U= 66.00, p= <.001). 

The mean RT of the ADHD group was higher than that 
of the control group across both tasks. Despite this, the re-
sults of a two-way ANOVA to evaluate the effects of groups 
and tasks on mean RT indicated no significant main effect for 
groups [F(1, 62) = 1.503, p= .225]. There was, however, a sig-
nificant main effect for tasks [F(1, 62) = 13.424, p= <.001] and 
no significant interaction between groups and tasks [F(1, 62) 
= 0.160, p= .690]. A post hoc t-test conducted indicated that 
RTs were significantly higher for the TFT than for the SART 
[t(64)= 3.687, p= < .001].

Similarly, the RTV and CV of the ADHD group were mar-
ginally higher if not roughly equal to that of the control group. 
Results of the two-way ANOVAs conducted for RTV and CV 
indicate that there was no significant main effect for groups 
(RTV [F(1, 62) = 1.655, p= .203]; CV [F(1, 62) = 0.847, p= 
.361]), a significant main effect for tasks for both measures 
(RTV [F(1, 62) = 6.365, p= .014]; CV [F(1, 62) = 11.97, p= 
< .001]), and no significant interaction between groups and 
tasks for both measures (RTV [F(1, 62) = 0.333, p= .566]; 
CV [F(1, 62) = 0.977, p= .327]). Post hoc t-tests indicated that 
both RTVs and CVs were significantly higher for the SART 
than for the TFT (RTV [t(64)= -2.542, p= .013]; CV [t(64)= 
-3.496, p= <.001]). Hence, results for RTV and CV reject H4.

EEG Measurements:

* *Statistical significance was the opposite of the proposed hypoth-
esis.

Figure 1: Error Bars for Mean RT, RTV, and CV.   

Table 3: Descriptive Statistics for Theta Activity, Beta Activity & TBR for 
AF, Fp, and Overall Regions.   

Table 4: Hypothesis Testing Summary for relevant EEG Measurements.   
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Theta activity for the ADHD group in both the Fp and 
Overall regions was marginally higher, if not roughly equal 
to that of the control group for both tasks. Results showed 
that there was no significant main effect for groups (Fp Theta 
[F(1, 50) = 0.657, p= .422]; Overall Theta [F(1, 50) = 0.176, p= 
.677]), no significant main effect for tasks (Fp Theta [F(1, 50) 
= 0.717, p= .401]; Overall Theta [F(1, 50) = 1.311, p= .258]), 
and no significant interaction between groups and tasks (Fp 
Theta [F(1, 50) = 0.073, p= .788]; Overall Theta [F(1, 50) = 
0.054, p= .818]).

Theta activity in the AF region was roughly equal between 
groups for both tasks. Though results indicated no significant 
main effect for groups [F(1, 53) = 1.058, p= .308], there was 
a significant main effect for tasks [F(1, 53) = 4.527, p= .038]. 
There was no significant interaction between groups and tasks, 
[F(1, 53) = 1.704, p= .197]. A post hoc t-test conducted on tasks 
indicated that theta activity in the AF region was significantly 
lower for the TFT task than for the SART task [t(55)= -2.146, 
p= 0.036].

The ADHD group displayed heightened beta activity across 
all regions compared to the control group for both tasks. How-
ever, results showed that there was no significant main effect 
for groups (Fp Beta [F(1, 58) = 0.184, p= .670]; AF Beta 
[F(1, 58) = 0.570, p= .453]; Overall Beta [F(1, 58) = 0.411, 
p= .524]), no significant main effect for tasks (Fp Beta [F(1, 
58) = 0.071, p= .791]; AF Beta [F(1, 58) = 0.039, p= .844]; 
Overall Beta [F(1, 58) = 0.049, p= .825]), and no significant 
interaction between tasks (Fp Beta [F(1, 58) = 0.315, p= .577]; 
AF Beta [F(1, 58) = 0.342, p= .561]; Overall Beta [F(1, 58) = 
0.334, p= .565]).

For TBR across all regions, results interestingly indicate a 
significant main effect for groups (Fp TBR [F(1, 57) = 5.523, 
p= .022]; AF TBR [F(1, 55) = 11.075, p= .002]; Overall TBR 
[F(1, 55) = 8.425, p= .005]), no significant main effect for tasks 
(Fp TBR [F(1, 57) = 0.005, p= .942]; AF TBR [F(1, 55) = 
0.292, p= .591]; Overall TBR [F(1, 55)= 0.113, p= .738]), and 

no significant interaction between groups and tasks ((Fp TBR 
[F(1, 57) = 0.025, p= .874]; AF TBR [F(1, 55) = 0.001, p= 
.981]; Overall TBR [F(1, 55) =  0.002, p= .964]). Post hoc 
t-tests conducted on groups indicated that TBRs were sig-
nificantly higher for the control group than for the ADHD 
group across all regions (Fp TBR [t(59)= 2.392, p=  .020]; AF 
TBR [t(57)= 3.388, p= < .001]; Overall TBR [t(57)= 2.959, 
p= .004]).

Results regarding statistical tests for EEG measurements 
across all examined regions suggest non-significant differenc-
es in theta activity between both groups. Hence, these results 
suggest the rejection of H5.

Questionnaires:
For the TFT task, the control group generally disagreed 

with the prompts “Pressing the button for the wrong number 
affected my next responses”, “The lecturer and other students 
were distracting me during this task”, and “I think I didn’t do 
very well in completing this task” and agreed with the prompts 
“I felt present and involved in VR”, “The task was interesting 
and was similar to a scenario that can happen in our day-to-
day life”, and “I think I did very well in completing this task”. 
It should be noted that though the prompt “The task was in-
teresting and was similar to a scenario that can happen in our 
day-to-day life” was evaluated to have a general sentiment of 
agreed, its response distribution suggests a near-neutral senti-
ment. The ADHD group similarly disagreed with the prompts 
“Pressing the button for the wrong number affected my next 
responses” and “I think I didn’t do very well in completing this 
task” while agreeing with the prompts “I felt present and in-
volved in VR”, “The task was interesting and was similar to a 
scenario that can happen in our day-to-day life”, and “I think 
I did very well in completing this task”. However, unlike that 
of the control group, the ADHD group generally agreed with 
the prompt “The lecturer and other students were distracting 
me during this task”. A summary of each prompt for the TFT 
questionnaire may be seen in Table 5 below.

Figure 2: Error Bars for TBR in each Region.  

Table 5: TFT Questionnaire response summary.   
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For the SART task, the control group generally disagreed 
with the prompts “Pressing the button for the wrong number 
affected my next responses”, “The lecturer and other students 
were distracting me during this task”, and “I think I didn’t 
do very well in completing this task” while agreeing with the 
prompts “I think I did very well in completing this task”, “The 
task was interesting and was similar to a scenario that can hap-
pen in our day-to-day life”, and “I felt present and involved in 
VR”. It should be noted that though the prompts “I think I did 
very well in completing this task” and “The task was interesting 
and was similar to a scenario that can happen in our day-to-day 
life” were evaluated to have a general sentiment of agreed, their 
response distributions suggest a near neutral sentiment. The 
ADHD group similarly agreed with the prompts “The task 
was interesting and was similar to a scenario that can happen 
in our day-to-day life” and “I felt present and involved in VR”. 
Unlike the control group however, the ADHD group generally 
agreed with the prompts “Pressing the button for the wrong 
number affected my next responses”, “The lecturer and other 
students were distracting me during this task”, and “I think I 
didn’t do very well in completing this task” while disagreeing 
with the prompt “I think I did very well in completing this 
task”. It should also be noted that though the prompts “I think 
I did very well in completing this task” and “I think I didn’t do 
very well in completing this task” were evaluated to have a gen-
eral sentiment of agreement, their distributions suggest a near 
neutral sentiment. A summary of each prompt for the SART 
questionnaire may be seen in Table 6 below.

The control group generally had consistent sentiment across 
both tasks for each equivalent prompt whereas the ADHD 
group differed in sentiment for the prompts “Pressing the 
button for the wrong number affected my next responses”, 
“I think I didn’t do very well in completing this task”, and “I 
think I did very well in completing this task” across both tasks. 
Table 7 describes a summary of sentiments for both tasks be-
tween both groups.

Discussion of Measures Across Groups:
Results indicate statistically non-significant but expected 

differences in all but one measure between those with ADHD 
and healthy individuals across both tasks; the exception be-
ing brain activity. While this could imply these metrics lose 
sensitivity in detecting attentional or inhibitory symptoms in 
those with ADHD during a TFT or SART that includes el-
ements that improve the ecological validity of the tasks, it is 
more likely that the tasks themselves become less demanding 
on such EFs. This is because insignificant differences in theta 
and beta brain activity across all regions imply that attentional 
or inhibitory differences aren’t present to begin with.²⁵ TBRs 
were even the opposite of predicted directions.

A proposed explanation for the loss of the aforementioned 
sensitivities is the effect of the VR environment and its dis-
tractors. By introducing an environment that simulates one 
that’s typically found in daily life into the SART and TFT, el-
ements that alleviate the mundane setting of a TFT or SART, 
such as students, lecturers, and ambient noise, are introduced. 
Removing the mundane setting of these tasks might’ve not 
only alleviated the attentional demands of these tasks, but also 
raised participants’ overall attentiveness. This would especially 

a. Q1 refers to “Pressing the button for the wrong number affected my next 
responses”. 
b. Q2 refers to “The lecturer and other students were distracting me during 
this task”. 
c. Q3 refers to “I felt present and involved in VR”. 
d. Q4 refers to “The task was interesting and was similar to a scenario that 
can happen in our day-to-day life”. 
e. Q5 refers to “I think I didn’t do very well in completing this task”. 
f. Q6 refers to “I think I did very well in completing this task”.
.   

Table 6: SART Questionnaire response summary.   

a. Q1 refers to “Pressing the button for the wrong number affected my next 
responses”. 
b. Q2 refers to “The lecturer and other students were distracting me during 
this task”. 
c. Q3 refers to ““I think I did very well in completing this task”. 
d. Q4 refers to “I think I didn’t do very well in completing this task”. 
e. Q5 refers to “The task was interesting and was similar to a scenario that 
can happen in our day-to-day life”. 
f. Q6 refers to “I felt present and involved in VR”.

Table 7: Sentiment Summaries for Task Questionnaires.   

Note. The SART Questionnaire’s questions were relabelled for ease of 
reading. 
a. Q1 refers to “ Pressing the button for the wrong number affected my next 
responses ”. 
b. Q2 refers to “ The lecturer and other students were distracting me during 
this task ”. 
c. Q3 refers to “ I felt present and involved in VR ”. 
d. Q4 refers to “ The task was interesting and was similar to a scenario that 
can happen in our day-to-day life ”. 
e. Q5 refers to “ I think I didn’t do very well in completing this task ”. 
f. Q6 refers to “ I think I did very well in completing this task ”.
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be the case for those with ADHD, since healthy participants 
aren’t predicted to be as easily aroused by distractors and also 
reported little to no effect from the VR environment’s dis-
tractors during both tasks.¹ Though questionnaire responses 
from the ADHD group imply hindrance to task performanc-
es in addition to their increased arousal via distractors, such 
hindrances were likely not reflected in investigated measures 
because these hindrances reflect increased load on divided at-
tention, an EF that the present study’s tasks and measures are 
ill-equipped to assess. Therefore, elements that increase the 
ecological validity of the TFT and SART in the same manner 
as the present study likely elevate the attention levels of those 
with ADHD. This thus prevents the observation of metrics 
typically expected of those with ADHD during a traditional 
TFT or SART and explains why control participants might 
have reflected higher TBRs, which imply heightened levels of 
“inattentiveness”, as compared to the ADHD group.

Such a theory is further supported by participant sentiment 
that implies the ecological validity of these tasks in VR envi-
ronments. Sentiment towards the prompts “I felt present and 
involved in VR” and “The task was interesting and was similar 
to a scenario that can happen in our day-to-day life” were both 
generally agreed on by both groups across both tasks. Since 
both prompts relate to the ecological validity of tasks within 
the VR environment, it is suggested that the VR tasks did, 
in fact, introduce ecological validity to the TFT and SART. 
Hence, if the tasks were ecologically valid but failed to reflect 
expected differences found in daily tasks via measures related 
to attention and inhibition, it is likely that the conducted tasks 
feature reduced sustained attention and inhibitory demand.

Measures of task accuracies, inattention scores, impulsivity 
scores, RTV, and CV have all been previously shown to as-
sess symptoms of inattention and impulsivity in those with 
ADHD.¹⁴,¹⁹,²³,²⁴,²⁹,⁴² Because these measures all general-
ly followed predicted differences (see Appendix B, Table B) 
but to a less-than-expected degree, the present study lends 
slight support to authors who suggest that these measures are 
useful in assessing inattention and impulsivity in those with 
ADHD.¹⁴,¹⁹,²³,²⁴,²⁹,⁴² The present study also highlights the 
possibility that introducing ecological validity to the TFT and 
SART in a similar manner to the present study’s method de-
creases the tasks’ demand for the EFs of sustained attention 
and inhibition, which hinders the tasks’ abilities to assess these 
EFs.

Discussion of Measures Across Tasks:
Despite not being the primary aim of the present study, 

significant differences in results between tasks suggest that 
performance in the SART requires greater inhibitory demand 
than the TFT (see Appendix B). This lends support to re-
search on the subject which proposes that the SART develops 
a feed-forward motor routine where participants respond in 
an automatic manner where regardless of being conscious of 
the type of presented stimuli (target / non-target), participants 
find an inability to withhold responses.¹³,²⁰-²²

This higher inhibitory demand may be observed through 
the present study’s various metrics, such as inhibition scores. 
Errors of impulsivity have been shown to be reflected in task 

commission errors.²³ Hence, the significant differences found 
in inhibition scores across tasks, which are calculated based on 
such errors, suggest a higher inhibitory demand in the SART 
over the TFT. A significantly faster mean RT in the SART 
additionally supports the perspective of Helton et al.²⁰, who 
argue that the “high go / low no-go” leads to a feed-forward 
motor routine. This is because faster mean RTs imply that 
participants responded to the SART’s targets in a fast-paced 
rhythmic manner, which isn’t possible in the TFT. The pres-
ence of this feed-forward routine is also potentially supported 
by significantly heightened RTV and CV measures in the 
SART. Because participants were likely aware of commission 
errors,²⁰ they might have adjusted their response strategies 
mid-task to ones that involved responding to targets more 
slowly to improve overall task performances. When comparing 
AF theta activity across tasks, it was revealed that theta activity 
was heightened for the SART over the TFT. A likely explana-
tion is that the SART exhibits little to no attentional demand 
and relies mostly on inhibition.¹³,²⁰-²² Hence, if participants 
entered a mostly automatic response routine that requires little 
to no attentional demand, finding a trend of heightened theta 
activity in the SART would be unsurprising.

Sentiment towards the prompts “I think I did very well 
in completing this task” and “I think I didn’t do very well in 
completing this task” suggests better perceived performances 
in the TFT than the SART for both groups. This difference 
in perceived task performances was more extreme for the 
ADHD group. The more extreme difference in perceived task 
performances for the ADHD group is likely related to their 
response to the prompt “Pressing the button for the wrong 
number affected my next responses”, where the group ex-
pressed agreement for the SART but not the TFT. Given the 
ADHD group’s response to this prompt and their potential 
inhibitory deficits relative to the control group,¹,³ it is like-
ly that the ADHD group experienced greater irritation from 
commission errors during the task and hence expressed poorer 
perceived performances in the SART than in the TFT. This 
probable experience of greater irritation due to errors of in-
hibition is in line with other studies involving the SART that 
describe participants being well aware of the errors of their ac-
tions before committing the action, but are nevertheless unable 
to inhibit their motor responses.²⁰,²¹ Hence, observed differ-
ences in performance sentiments in the SART over the TFT 
for both groups also suggest the SART’s heightened demand 
for inhibition compared to the TFT because participants were 
likely conscious of task errors and because the study’s ADHD 
participants likely experience inhibitory deficits.¹,³,²⁰,²¹

Limitations:
Conclusions drawn in the present study are, however, lim-

ited by several factors that are potentially confounded by the 
introduction of ecological validity to the TFT and SART. One 
factor is the sole use of the ASRS-5 for ADHD diagnosis and 
thereafter grouping. Though shown to have high sensitivity 
(91.4%) and specificity rates (96.0%),⁵ the self-assessed and 
subjective nature of the scale is still subject to personal bias. 
This might have led to false classifications in grouping.  Next, 
because the ASRS-5 only consisted of 6 questions, unlike that 

ijhighschoolresearch.org



	 91	

of the ASRS v1.1, it was not possible to accurately identify 
whether participants’ ADHD symptoms were in significant 
deficits of attention, inhibition, or hyperactivity.⁵,⁶ Since the 
TFT and SART are known to assess inattention and im-
pulsivity, it is entirely possible that ADHD participants who 
suffer primarily from symptoms of hyperactivity would then 
show little difference in various measures for both tasks.⁹,¹³

Another factor to consider was the general abilities of the 
study’s participants, which are implied via reported education 
levels. Since all participants have completed an education of 
a bachelor’s degree or above, it is evident that they have been 
able to perform tasks of relatively higher levels of difficulty 
than the TFT/SART in spite of symptoms. Such achievement 
might’ve partially been achieved with effective coping mecha-
nisms that compensate for their symptoms.⁴³,⁴⁴ If this heavily 
influenced the results of the study, the ceiling effect observed 
for task accuracies and the floor effect for inattention scores 
and impulsivity scores might have resulted from the selected 
participants’ abilities and not elements found within the VR 
environment. Observation of such effects could also be com-
pounded by the present study’s use of adults and not children, 
unlike that of other similar studies, because adults are likely to 
display relatively heightened general abilities and less severe 
ADHD traits.¹,³,⁴,²³,²⁴,⁴²

The utility of VR itself might be a confounding factor. Cur-
rently, regular use of VR is still fairly uncommon amongst 
populations. In the UK, only 6% of the population is estimated 
to own a VR headset.⁴⁵ It has also been shown that ADHD 
individuals suffering from symptoms of inattention aren’t nec-
essarily unable to sustain attention to tasks, especially when 
engaging in tasks of interest.⁴⁶ Hence, the novelty of engag-
ing with VR technology itself could arouse participants. This 
might consequently affect measures such as EEG recordings 
by lowering theta activity and heightening the beta activity of 
those with ADHD to normalcy.

Other minor limitations might have affected the results 
of the present study. For instance, the present study did not 
employ a task similar to the CPT-AX. Since inattention and 
impulsivity scores rely on additional definitions that made use 
of an ‘A’ or equivalent element that preceded an ‘X’ or target 
(which is absent in the TFT and SART), the present study’s 
scores potentially lack the appropriate sensitivity necessary to 
detect significant differences.²³ Additionally, because the TFT 
is designed for participants to specifically respond to 25 tar-
gets as opposed to 200 in the SART, there might’ve not been 
adequate samples to accurately represent participants’ reaction 
time metrics for the TFT.¹⁴,¹⁹ Finally, software limitations may 
have affected the study, because it resulted in the minor loss 
of some data. With less-than-ideal sample sizes in some data, 
potentially biased results may have emerged through the use 
of ML predictions.

Recommendations for Future Studies:
Future studies that wish to pursue similar interests should 

consider the following recommendations. Firstly, multiple 
alternative scales such as Conners’ Adult ADHD Rating 
Scales and Brown Attention-Deficit Disorder Rating Scale 
for Adults could be used in tandem with the ASRS-5 or the 

18-question version of the ASRS v1.1.⁵,⁶,⁴⁷ If possible, results 
from scales would then be followed up with a clinical diagno-
sis. This almost exhaustively lowers the risk of misclassifying 
participants into blocks and enables separate analysis of inat-
tention, impulsivity, and hyperactive symptoms.

To investigate the possibility of education level playing a 
factor in the study of adults with ADHD, it is recommended 
that future studies make use of adults with a diverse range of 
academic or general abilities, such as IQ.⁴⁸,⁴⁹ Doing so would 
help to clarify the ambiguity of confounding non-significance 
with someone’s general ability to compensate for frontal lobe 
dysfunction.

A greater sample size is also recommended for future studies. 
Besides easing statistical analysis through increased resistance 
towards outliers, increasing the sample size helps alleviate 
faults in software or hardware. Hence, results obtained from 
data analysis would be more representative of the population 
being studied.

To better identify if failure to meet hypotheses was the result 
of the TFT/SART’s ecological validity, the novelty of VR use, 
or other potential faults in experimental design, a future study 
that recreates real-life equivalents of the tasks described in the 
present study that follows the above recommendations would 
prove useful. Including a numerical “CPT-AX” task or a fixed 
SART could further bolster this study’s usefulness.

Because of the many interrelated limitations identified with 
the present study, it is recommended that all of these limita-
tions be addressed simultaneously in future studies. If results 
observed in the present study weren't the product of intro-
ducing elements that improved ecological validity to the TFT 
and SART, it is expected that most of the present study’s hy-
potheses would be met and that greater support for reviewed 
literature would be found.
�   Conclusion
The present study generally produced results with non-sig-

nificant differences in expected directions between groups 
for various measures of interest. This observation is typical-
ly unexpected in traditionally conducted TFTs and SARTs. 
However, the present study primarily differs from past studies 
in its method of utilizing VR to modify the TFT and SART 
for improved ecological validity. Hence, observed results sug-
gest that doing so possibly reduces the tasks’ demand for the 
EFs of sustained attention and inhibition due to the intro-
duction of several factors to the tasks and thus, participants 
(e.g. novelties found within the VR environment). Therefore, 
by accounting for these factors and the fact that investigated 
measures were in expected directions, the present study lends 
limited support to literature that proposes the usefulness of 
such measures. Despite not being the primary aim of the study, 
the study also provides evidence that substantiates the claim 
that the SART demands greater inhibitory demand. To con-
clude, because of the number of markers investigated through 
the sole use of two similar tasks, overall participant sentiment 
that cites immersion and the real-life reflection of the tasks 
in VR environments, and the many rectifiable limitations 
identified throughout the present study, the introduction of 
ecological validity into the TFT and SART via VR in the 
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study of ADHD should be further explored to substantiate ex-
isting research. Such future studies may look to identify if the 
present study’s results are due to an improvement in ecological 
validity, the novelty of VR use, or other identified limitations. 
Doing so may not only substantiate or challenge existing re-
search, but also prove VR to be an appropriate environment for 
the conduct of other CPTs and other future ADHD studies.
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