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Abstract

Background: This feasibility study investigated the viability of implementing a cognitive-based training program
(NeuroTracker) and assessing its potential effects on academic performance for adolescents with extremely low 1Q.

Methods: Twenty-six adolescents aged between 11 and 16 years with a Wechsler-based 1Qs in the extremely low
range (Mg = 56.00, SD|o = 13.89) completed 15 training sessions on either the NeuroTracker or an active control
task; math and reading performance were assessed using clinically validated instruments before and after training.
Recruitment and retention rates, adherence, and properties of the academic measures were assessed.

Results: All recruited participants completed 15 training sessions within a 6-week period. Eighty-three percent of
participants meeting initial inclusion criteria completed all stages of the study from baseline to post-intervention
assessments. Some limitations of the academic measures were identified.

Conclusions: Results suggest that implementing NeuroTracker as a classroom-based intervention and using
clinically validated outcome measures is feasible with this population.
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Key messages regarding feasibility
e What uncertainties existed regarding the feasibility?

Prior to conducting this study, it remained unclear
whether cognitive training was feasible for children and
adolescents with cognitive capability in the extremely low
range (i.e., between 2 and 3 standard deviations below the
population mean) and in the classroom setting.

e What are the key feasibility findings?
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The findings demonstrated that all participants that
met inclusionary criteria were able to progress through
the arms of the randomized controlled trial assessing the
feasibility of the cognitive training program. Further-
more, the findings highlighted that individuals were able
to interact with the NeuroTracker attention training
paradigm.

e What are the implications of the feasibility findings
for the design of the main study?

The implications of the feasibility findings for the de-
sign of the study are twofold. For one, the findings sug-
gest that cognitive training is feasible with this
population and can be administered in classroom
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setting. Second, the findings from this study provide rec-
ommendations on the appropriateness of outcomes
measures.

Background

Cognitive training involves repeated practice on a
domain-specific, computer-based cognitive task that has
demonstrated the potential to improve cognitive func-
tioning across a spectrum of domains [1]. This approach
has resulted in promising findings for enhancing cogni-
tion for neurotypically developing populations [2] and
suggested to be used as an alternative or supplemental
treatment approach for individuals diagnosed with neu-
rodevelopmental conditions [3, 4]. Cognitive training
studies have demonstrated its benefits ranging from im-
proved performance on similar cognitive tasks (i.e., near-
transfer) to improved academics (i.e., far transfer) [5-7].

Attention is one cognitive construct that is signifi-
cantly related to academic achievement [8]. The rela-
tionship between attention and academics is evidenced
by the association of attentional capability to reading
and math achievement in both typically developing [9]
and clinical populations [10]. Thus, previous research
has attempted to improve reading and mathematics
achievement for learners with developmental disabilities
via attention-based cognitive training programs, yielding
promising outcomes [5, 11].

While a significant body of research and reviews sup-
port the validity of these attention-based cognitive train-
ing programs [3, 4], research discounting the benefits of
this approach also exists [12]. As part of the contentious
debate throughout the field, recent reviews have pointed
to the lack of methodological standards as the source of
inconsistent results [1, 12, 13]. Green et al. [1] suggest
that feasibility studies are a critical step to successfully
design, execute, and evaluate the validity of a cognitive
training program prior to testing efficacy and/or effect-
iveness. Although feasibility studies are scarce in com-
parison to efficacy and effectiveness trials in cognitive
training research, they can provide valuable information
about the implementation and viability of a program.
This information is especially valuable in the case of
populations with significant cognitive deficits, such as
individuals with intellectual functioning below the aver-
age range, a population typically excluded from this area
of research.

The exclusion of participants with intellectual chal-
lenges in most studies (e.g., [14—16]) presents an area of
opportunity to investigate the appropriateness of cogni-
tive training for this population. To our knowledge,
cognitive-based intervention protocols for adolescents
with extremely low intellectual functioning, an under-
served portion of the student population, are scarce.
Since these learners often present comorbid attention
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difficulties [17] and academic challenges [18], cognitive
training may be a suitable treatment to target multiple
areas of their functioning. However, implementing cog-
nitive training interventions and accurately assessing
skills in this population presents many challenges.

Students with significant intellectual challenges are
more likely to show deficits in access skills. These skills,
such as verbal expression and comprehension, are re-
quired for a veridical estimation of participants’ cogni-
tive ability and to remain on-task during assessments.
As such, deficits in access skills have been associated
with decreased assessment reliability in students with in-
tellectual challenges [19]. Deficits in access skills, in
addition to behavioral and motivational difficulties, may
also affect their ability to engage with interventions.
Nonetheless, recent studies have yielded positive out-
comes from cognitive training programs in participants
with intellectual challenges [20-22]. Collectively, these
studies provide information regarding the characteristics
to consider when designing and conducting an effective
cognitive-training program appropriate for individuals
with intellectual challenges, and include the selection of
a task that (i) is accessible to the participants given their
specific characteristics (e.g., requires minimal verbal lan-
guage demands) and (ii) adapts to the participant’s cog-
nitive capability.

One intervention defined by such characteristics is the
NeuroTracker, a novel cognitive training program dem-
onstrated to benefit students with developmental disabil-
ities by resulting in improvements for both attention
(near-transfer) and other related cognitive domains (far-
transfer) after training [23-25]. More specifically, re-
peated practice on the NeuroTracker task has demon-
strated the potential to benefit performance on a
separate measure [25] of attention and to reduce post-
concussion symptoms [24]. The NeuroTracker’s effect-
iveness with individuals with developmental disabilities
can be attributed to three of its core characteristics.
First, the task is a modernized iteration of the traditional
Multiple Object-Tracking (MOT) task, which is charac-
terized as a robust and accurate measure of selective,
distributed, sustained, and dynamic attention [26, 27].
Second, the computer-based task is non-verbal and con-
ceptually simple in nature; it involves visually tracking a
subset of objects while ignoring substantially identical
distractor objects over a short period of time. Third, the
task’s level of difficulty adapts to the participants cap-
ability providing the ideal balance between challenge
and skill level. These three characteristics (i.e., accuracy,
accessibility, and adaptability) have demonstrated feasi-
bility and appropriateness to train attention using Neu-
roTracker for children and adolescents with (1) different
developmental disabilities with cognitive functioning be-
tween one and two standard deviations below population
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average [25] and (2) mild traumatic brain injury [23, 24].
However, the appropriateness of NeuroTracker training
for individuals with extremely low IQ and the potential
of these training benefits translating to academics re-
main unknown.

The aim of this study is to investigate the feasibility of
successfully implementing a classroom-based study to
assess the efficacy of NeuroTracker training program for
individuals with cognitive functioning in the extremely
low range (i.e, between 2 and 3 standard deviations
below the population mean). Three feasibility objectives
which aim to assess the processes and scientific parame-
ters related to studying the effects of the intervention in
this population were identified based on general guide-
lines for conducting feasibility studies [1]. First, we
assessed the feasibility of implementing a classroom-
based cognitive training study with this population by
collecting data on (1) willingness to consent to participa-
tion, (2) rates of retention from baseline to post-
intervention assessments, and the (3) appropriateness of
inclusion criteria. We hypothesized that outside exclu-
sion related to not meeting inclusion criteria, refusal to
participate and attrition would be low. Second, we
assessed the feasibility of using the selected intervention
(NeuroTracker) and control task with this population by
collecting data on adherence to the training regimen and
performance across 15 training sessions over 5 weeks for
both NeuroTracker and active control groups. It was hy-
pothesized that the characteristics of the tasks (i.e., non-
verbal, adaptable) and controlled school environment
would result in high levels of adherence. The last object-
ive was to assess the feasibility of using clinically vali-
dated instruments of math and reading performance as
outcome measures to assess transfer. Specifically, the ac-
cessibility of the measures (i.e., distribution of scores
and variance at baseline) and changes in pre- to post-
test performance were examined to achieve the afore-
mentioned objective. Given the wide range of difficulty
and different types of scores offered by the selected mea-
sures, it was hypothesized that these standardized mea-
sures can be a suitable for this population.

Methods

Participants

Recruitment

All adolescent participants, between the ages of 13 and
17, were recruited through the Summit Centre for Re-
search, Education and Training (SCERT), the research
arm of Summit School in Montreal Canada, which
serves as is a platform for streamlining its research pro-
jects for its students with developmental disabilities that
result in cognitive, social, behavioral, or adaptive difficul-
ties. The Research Ethics Board of McGill University ap-
proved the study protocol. Seventy-nine (N = 79)
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information packages and consent forms were sent to
the parents of adolescents of 7 classrooms that were sug-
gested by school personnel based on initial criteria (i.e.,
adolescents with low cognitive functioning).

Inclusionary/exclusionary criteria

Once parental consent was obtained, a screening assess-
ment was conducted with each participant to obtain and
estimate of their reading and math skills, and their
ability to engage with examiners in the context of stan-
dardized administration. Eligibility criteria included par-
ticipants: (i) with no personal or family history of a
seizure disorder (e.g., epilepsy), (ii) with no conditions
that would affect their vision, (iii) and characterized as
having emergent reading skills (i.e., be able to at least
read one word on the Word Reading task on the WIAT-
IIT) and math skills (i.e., be able to answer at least one
on the Math Fluency Addition task on the WIAT-IIL
measures described below). Participants’ visual acuity
was assessed using Directional ‘E’ and ‘C’ near visual
acuity charts, and stereopsis was assessed using the
RANDOT Stereotest.

Additionally, participants who displayed severe behav-
ioral difficulties during the baseline assessment (i.e., self-
harm and refusal to participate) were excluded from
post-intervention assessments. Following baseline assess-
ment, three participating classrooms where a strong ma-
jority of participants did not meet inclusionary criteria
were excluded from the study. Figure 1 outlines the pro-
gression of participants from screening to post-test using
a Consort-style presentation.

Assignment to conditions
Participants meeting inclusionary criteria were distrib-
uted across four classrooms. Each participating class-
room was assigned to either the treatment condition
(i.e., NeuroTracker) or the active control condition (i.e.,
Google Chrome Dino).

Cognitive training tasks

NeuroTracker (treatment)

A typical NeuroTracker training trial consisted of five
key segments: presentation, identification, tracking, re-
sponse, feedback (see Fig. 2A—E). During a trial, the par-
ticipant was required to visually track target objects (i.e.
spheres) among a number of indistinguishable distractor
objects for a short period of time. Trial speed adapted to
the participants capability based on their performance in
the preceding trial. For instance, correctly identifying all
target items increases subsequent trial speed whereas in-
correctly identifying all target items decreases subse-
quent trial speed. In the first training session, all
participants were required to track 2 spheres for 6 sec-
onds at a predetermined speed. Training was also
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Screening and

recruitment Students invited to participate in
the study (n=79)

Excluded (parental consent
not provided, n= 33)

[ Enrollment ] Screened prior to eligibility
assessment (n= 46)

e Excluded (classrooms

with majority of students
A not meeting inclusion
criteria, n=19)

v

Baseline data o o
Participants in included

classrooms (n=26) e Excluded (did not consent
to participate in baseline
assessment, n=1)

collection

[ Allocation ]

A 4

Allocated to 3D-MOT intervention (n= 15) Allocated to active control condition (n=11)
* Received full intervention (n=15) e Received full intervention (n=11)

A v

[ Assessment ]

Excluded from post-tests (n= 4) Not available for post-test (n=2)
e Did not meet inclusion criteria: non-
reader (n=2)
e Excluded due to behavioural
challenges (n=2)

Y

Participants at post-test (n=11) Participants at post-test (n=9)

Fig. 1 Progression of participants from initial recruitment to post-test
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Fig. 2 NeuroTracker and Google Chrome Dino Trial Procedures. Note. NeuroTracker trial presented across its five segments. A All 8 identical
spheres presented within the 3D space. B Target spheres are highlighted with white halo. C Spheres are deselected and move about the 3D
space for a period of time. D Participant indicates which spheres they were asked to track. E The correct spheres are highlighted providing
feedback to the participant. The Google Chrome Dino trial involved. F Jumping over obstacles, such as trees or G inhibiting this behavior when
jumping coincided with colliding with other obstacles, such as birds
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adapted to the participants’ capabilities by changing the
difficulty level (i.e, number of targets the participants
have to track (from 1 to 4) and how long they have to
track them (from 4 to 8 s) from session to session based
on previous performance.

Google Chrome Dino (active control)

Concurrent with NeuroTracker training, participants in
the active control condition trained on Google Chrome
Dino (GCD), which was presented on a computerized
tablet. The task’s objective is to guide the dinosaur
through a series of obstacles encountered on a linear
path (see Fig. 2F, G).

Procedure

Intervention

At randomly scheduled 20-min periods throughout the
school-day, a team of research assistants entered the
classroom, calibrated the tablets, and administered the
respective task to participants in either the treatment or
active control conditions. Participants’ training on the
NeuroTracker task was provided an Apple iPad tablet
and anaglyph glasses to be able to perceive the stimuli in
three dimensions. For each training session, participants
completed a total of 40 trials (2 blocks of 20 trials) in
two consecutive blocks each lasting 5 min for a total of
10 min. Participants training on the GCD task com-
pleted their daily training session on an Apple iPad
Tablet.

Training sessions occurred 3 times a week over a
period of 5 weeks, for a total of 15 in-class training ses-
sions. If necessary, additional group sessions were added
at the end of the 5th training week, for participants who
had missed training sessions (e.g., participants who were
absent from school during a training session); missing
sessions were conducted on separate calendar days and
as a group activity to comply with conditions maintained
throughout training. A 2:1 participant to research assist-
ant ratio was kept throughout the training intervention
to facilitate administration.

Measures

Standardized cognitive- and academic-based assessments
were conducted individually by research assistants who
were graduate students who had previous training in the
administration of standardized cognitive, attention, and
academic measures. Testing was conducted in a desig-
nated and quiet assessment room at the SCERT (on-site)
during school hours. Screening and baseline assessments
were administered across two 30-min sessions. The same
procedure was used to administer the math and reading
measures at post-test.
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Demographic measures

Wechsler Abbreviated Scale of Intelligence—Second
Edition (WASI-II) General cognitive functioning was
assessed using the WASI-II [28].The four-subtest ver-
sion, which consists of two subtests that involve verbal
skills (Verbal Comprehension Index) and two subtests
that assess non-verbal reasoning skills (Perceptual Rea-
soning Index) was administered. The Verbal and Per-
formance IQ are used to provide a general estimate of
intelligence or Full-Scale 1Q (FSIQ).

Conners’ Continuous Performance Test—Third
Edition (CPT 3) The CPT 3 was used as a measure of
attention [29]. The CPT 3 is a computer-based task dur-
ing which participants are required to respond to letters
flashed on the screen (by pressing the spacebar) as
quickly and accurately as possible, but to inhibit their re-
sponses when for the letter “X”. The d’ score, a measure
of detectability (or the ability to distinguish between tar-
gets and non-targets) was used as the primary outcome
measure and was recorded in normalized ¢ scores.

Program adherence measures

Program feasibility was evaluated by collecting data on
adherence during sessions. For NeuroTracker training,
adherence was defined as completing all forty trials
within a daily training session. Of note, participants had
to actively engage with the task during each trial (i.e., se-
lect a sphere on the screen by touching it) to move on
to the next trial. The level of difficulty in the daily train-
ing session was also recorded as a measure of task pro-
gression throughout the training regimen. For the
Google Chrome Dino control task, adherence was de-
fined as obtaining a score greater than the minimum
score within a daily training session. Data on perform-
ance (i.e., the longest distanced travelled in the current
training session) during each session was also recorded
to explore progress over time.

Outcome measures

Although evaluation of outcome to targeted domains of
math and reading was not the focus of this feasibility
study, academic assessments were conducted pre- and
post-intervention to investigate characteristics of out-
come measures. The Word Reading, Reading Compre-
hension, and the Math Fluency Addition, and Math
Fluency Subtraction subtests of the Wechsler Individual
Achievement Test, Third Edition (WIAT-III; 30) were
used to assess academic skills. The WIAT-III is an indi-
vidually administered norm-referenced, reliable stan-
dardized test assessing multiple aspects of academic
achievement in examinees of ages 4 to 50. The norm
sample included 1.1% children with ID.
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Reading During the Word Reading and Comprehension
subtests, participants were required to read aloud a list
of words of increasing difficulty presented on a page,
and read passages and answer questions on its content,
respectively. Participants read a set of three passages se-
lected based on their grade level. For both subtests, the
difficulty of items ranges from a grade 1 level through a
grade 12 level.

Mathematics During the Math Fluency Addition and
Subtraction subtests, participants required to complete
as many addition or subtraction problems as they could
within a 60-s limit. The problems were presented visually
to the participants in a booklet in which they had to write
their answers. For both subtests, the difficulty of items
ranges from a grade 1 level through a grade 12 level.

Raw scores, standardized scores, and growth scale
values (GSV) were recorded for each subtest. Stan-
dardized scores describe participants’ performance
relative to a normative sample. GSVs are based on
raw scores, are sample-independent, and describe par-
ticipants’ absolute level of performance on an equal
interval scale. The authors of the WIAT-III recom-
mend using the GSVs for purpose of tracking changes
in performance over time [30].

Study timeline

Participants were recruited over a 12-week period.
Screening and baseline assessments were conducted over
a 10-week period. All groups began training in the same
week for a period of 5 weeks. Additional sessions for
participants who missed a session were all conducted
within a week following this period. All post-
intervention assessments were completed over a 2-week
period immediately following training.

Results
Recruitment and retention rate
Consent for participation in the study (including random
allocation to intervention or control group) was obtained
from the parents of 46 (N, = 35; Ngemale = 11) of 79 ad-
olescents invited to participate in the cognitive training
study (58%). The four enrolled classrooms included 26
(Npmate = 225 Ngenale = 4) of the 46 participants who had
provided consent (56%). Based on information provided
by the school, 42% of participants presented a diagnosis
of autism spectrum disorder (ASD), 15% had a diagnosis
of attention deficit hyperactivity disorder (ADHD), and
11% had Down syndrome. Table 1 presents the demo-
graphic information and baseline performance of the 26
enrolled participants.

Figure 1 outlines the progression of participants from
recruitment to post-test data collection. All participants
successfully completed tests of visual acuity and
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stereopsis and thus, no participants were excluded from
the study for reasons related to vision.

All 26 participants took part in baseline assessments
and cognitive training tasks (NeuroTracker or GCD).
Based on baseline performance assessment, two partici-
pants were excluded from post-intervention assessments
because they did not meet inclusion criteria (ie., they
were considered non-readers). Of the remaining 24
participants meeting inclusion criteria, two additional
participants were excluded from post-intervention as-
sessments due to behavioral challenges (i.e., self-harm
and refusal to participate during the baseline assessment)
and two participants from the control group were not
available for post-intervention assessments. Complete pre-
training and post-training data were completed by 20 of
the 24 participants meeting inclusion criteria, a retention
rate from pre- through to post-test of 83%.

Adherence/feasibility of the intervention

All participants in the NeuroTracker condition com-
pleted 40 trials during each of the 15 training session,
indicating 100% adherence to the training program. Data
was also collected on the level of difficulty of the task
during each training session to explore participants’ pro-
gress on the task across the training program (see Fig.
3). When considering the average performance for all
participants, the level of difficulty of the task adapted to
the participants capability after the first three sessions.
Overall, there was a slight increase in the average per-
formance of participants during each session throughout
the remaining sessions, as demonstrated by the trendline
in Fig. 3. This suggests that on average, participants pro-
gressed through the cognitive training program that
adapted to their capability over time. Analysis of individ-
ual results demonstrates that approximately half of the
participants (47%) moved to higher levels of difficulty
relative to baseline. The other half (53%) trained on the
lowest level of difficulty throughout most of the training
sessions (see left graph in Fig. 3).

Participants training with GCD also demonstrated per-
fect adherence to their training condition as evidenced
by no missing data on the task for all participants. Data
on performance (ie., the longest distanced travelled in
the current training session) during each session was
also recorded to explore progress over time. This im-
provement was illustrated by the positive trendline of
GCD scores across training days.

Baseline results

Table 1 outlines the mean Full-Scale Wechsler 1Q, CPT-
3 performance and baseline Standard Scores on the
reading and math measures for participants in both
groups. To account for any preconceived imbalance be-
tween experimental conditions, we conduct independent
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Table 1 Means and standard deviations for demographic and outcome measures by condition

Treatment (n = 11) Active control (n =9) Excluded (n = 6)

M SD R M SD R M SD R
Age 15.86 0.68 15-17 15.52 0.95 13.7-17.1 15.27 0.86 14.2-16.8
FSIQ 59.73 16.19 40-86 50.50 745 40-60 5250 1237 40-72
\'/d| 5527 11.56 45-82 51.88 1044 45-69 47.50 6.12 45-60
PRI 69.45 2241 45-111 53.62 6.32 45-66 62.83 17.29 45-89
CPT-3-d’ 62.82 10.54 44-75 6944 448 61-74 67.33 2.160 64-70
Pre-WIAT WR 59.09 16.78 40-85 48.44 10.67 40-65
Pre-WIAT RC 5145 10.80 40-70 44.56 7.07 40-59
Pre-WIAT FA 62.55 21.78 40-106 43.56 7.88 40-64
Pre-WIAT FS 53.73 16.08 41-87 42.89 2.03 41-47

Note. Statistics presented for demographic variables of (i) intelligence as measured by the WASI-II via Full-Scale 1Q (FSIQ), Verbal Comprehension Index (VCl), and
Perceptual Reasoning Index (PRI); and (ii) attention as measured by the CPT-3 d’ t score. Baseline performance on the academic outcomes was measured by the
WIAT-IIl via Word Reading (WR), Reading Comprehension (RC), Fluency-Additions (FA), and Fluency-Subtractions (FS)

samples t tests across measures of intelligence and atten-
tion, as well as all targeted outcomes. No statistically de-
tectable difference between conditions was found for
either intelligence: (i.e.,, WASI-II FSIQ; MpeuroTracker =
59.73, 95% CI [50.16, 69.30]; Mgcp = 50.50, 95% CI
[45.64, 55.36]): £(18) = 1.49, p = .153, Cohen’s d = 0.70,
95% confidence interval (CI) = [- 0.25, 1.57] CPT-3 per-
formance (MneyroTracker = 62.82, 95% CI [56.59, 69.05];
Megcep = 69.44, 95% CI [66.52, 72.37]): t(18) = - 1.89, p

=.075,d = - 0.89, 95% CI = [- 1.76, 0.09]. Furthermore,
there was no statistically detectable differences on either
of the WIAT-III reading subtest measures: Word Read-
ing MnreuroTracker = 422.27, 95% CI [348.68, 495.86];
Megcep = 334.67, 95% CI [264.83, 404.50]): £(18) = 1.65, p
=.117,d = 0.78, 95% CI = [- 0.18, 1.64]; Reading Com-
prehension (Mpyeurorracker = 41464, 95% CI [390.59,
438.68]; Mgcp = 391.78, 95% CI [371.56, 411.99]): £(18)
= 139, p = 183, d = 0.65, 95% CI = [- 0.29, 1.52].

Level Relative to Baseline (2 targets 6s)

N
NeuroTracker Training Google Chrome Dino Training
4000
6 4 targets 8s
3500
5 3 targets 8s
4 3 targets 7s
3000
3 3 targets 6s
2 2 targets 8s
| 2500
1 2 targets 7s
&
o] e 2000 ©
9
o

-1 2 targets
_____ / N v
_______ / N A\ / |/ 1500
-2{ 2targets4s \| | T TT---___ \ Ak
S . | / {
______ X X
S| (A ) N
-3 1 target 8s T P ( il
f VAV Dy S A \ AN 1000
-4 1target 7s N \ Rl mmm S\ AN N\
AN ek SR AL TN
-5 1 target 6s Lo -—:}r-_-'z,:(", 1/ \ VAN Y +
% A \| N M~/ 500
-6 1 target 5 +-—I/:— /V AN N\ o <L\ LK g 1
-7 1 target 4s \ ” 0
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Training Day

Fig. 3 Adherence to treatment and active control conditions. Note. The two graphs present the mean and the standard error of performance in
addition to a line trace for each participant. The graph on the left side illustrates NeuroTracker training across 15 training days. Performance is
defined as the level of difficulty completed relative to baseline: tracking 2 targets for 6 s. The levels of difficulty range from 7 levels below the
baseline level: tracking 1 target for 4 s; to 6 levels above baseline: 4 targets for 8 s. The graph on the right depicts GCD training across 15 training
days. GCD training was defined as the highest score achieved in that training session; that is, the longest course run by the dinosaur
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However, baseline differences in the Math Fluency Addi-
tions (MneuroTracker = 462.63, 95% CI [379.68, 545.60];
Mgcp = 350.44, 95% CI 315.92, 384.97]): t(18) = 2.68, p
=.015, d = 1.27, 95% CI = [0.23, 2.16], and Subtractions
tasks (MneuroTracker = 389.55, 95% CI [336.18, 442.92];
Mgcep = 325.11, 95% CI [309.28, 338.94]): £(18) = 2.21, p
=.040, d = 1.04, 95% CI = [0.04, 1.92] were found.

Performance on outcome measures

The appropriateness of the targeted academic outcome
measures for their recruited sample was tested by examin-
ing whether performance on the outcome measures co-
varied with cognitive capability (i.e., FSIQ). The scatterplot,
density plots, and correlation matrix in Fig. 4 illustrate the
variability between FSIQ and the academic outcome mea-
sures as well as the variability within all academic outcome
measures. Although the sample performed at the lower tails
of the distribution across the four academic outcome mea-
sures, there was some degree of covariability between cog-
nitive capability and the targeted outcome measures. That
is, correlations ranged from .628 to .711 and scores on both
measures were not clustered at the measures’ floor.

Exploratory statistical analysis of academic assessment
outcomes

Table 2 presents the GSV scores on the reading and
math measures at pre- and post-test for each condition.
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Eight separate one sample t tests (i.e., Bonferroni cor-
rected alpha = .006) were conducted to examine change
in performance in the post-test from the pre-test on the
four targeted academic measures from statistical ana-
lyses (i.e., one-sample t test per outcome measure per
condition). For consistency, we report 95% confidence
intervals for all estimates; however, statistical detectabil-
ity was adjudicated using the Bonferroni corrected alpha.
As shown in Fig. 5, the standardized change in standard
score in the post-test from the pre-test subtest was not
statistically different than 0 for either group for the
Math Fluency Addition task (NeuroTracker (Mp = -
0.05, 95% CI [- 0.32, 0.22]): £(10) = - 0.35, p = .733,d =
- 0.11, 95% CI [- 0.70, 0.49]; GCD (Mp = — 0.04, 95%
CI [- 0.22, 0.14]): t(8) = - 043, p = .676, d = - 0.14,
95% CI [- 0.80, 0.52]), the Math Fluency Subtraction
task (NeuroTracker (Mp = 1.12, 95% CI [0.43, 1.82]):
£(10) = 3.18, p = .010, d = 0.96, 95% CI 0.22, 1.67]; GCD
(Mp = 027, 95% CI [- 0.09, 0.63]): £(8) = 1.44, p = .187,
d =048, 95% CI [- 0.22, 1.16]), and the Word Reading
task (NeuroTracker (Mp = 0.10, 95% CI [~ 0.02, 0.21]):
t(10) = 1.67, p = .127, d = .50, 95% CI [- 0.14, 1.12];
GCD (Mp = 0.13, 95% CI [0.03, 0.23]): £(8) = 2.62, p =
031, d = .87, 95% CI [0.08, 1.63]). For Reading Compre-
hension, there was a statistically detectable difference
from O for those training on NeuroTracker (Mp = 0.34,
95% CI [0.14, 0.53]): £(10) = 3.49, p = .006, d = 1.05, 95%

Scatterplot, desnity plot, and correlation matrix between baseline measures and cognitive capability
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Table 2 Means and standard deviations for outcome measures at pre and post-test by condition

Treatment (n = 11) Active control (n =9)

Baseline Post-test Baseline Post-test

M SD M SD M SD M SD
WIAT WR 422.27 12453 435.00 127.38 334.67 106.89 352.11 11148
WIAT RC 414.64 40.69 426.55 40.28 391.78 30.94 415.78 32.03
WIAT FA 462.64 140.38 455.36 115.65 35044 52.84 344.56 68.85
WIAT FS 389.55 9031 486.73 161.10 32411 22.70 34711 48.07

Note. Pre- and post-test growth scale value scores to assess appropriateness of transfer to targeted academic outcomes were measured by the WIAT-IIl via Word
Reading (WR), Reading Comprehension (RC), Fluency-Additions (FA), and Fluency-Subtractions (FS). A higher score indicates better performance

CI [0.29, 1.78]; however, there was no statistically signifi-
cant change GCD (Mp = 0.68, 95% CI [0.31, 1.06]) £(8)
=3.57,p =.007,d = 1.19, 95% CI [0.30, 2.04].

Discussion

The present study assessed the feasibility of implement-
ing a study to assess the effects of a classroom-based at-
tention training intervention (NeuroTracker) targeting
academic skills in adolescents diagnosed with develop-
mental disabilities and IQs in the extremely low range.
The evaluation of the feasibility of such an intervention
included the three following objectives: (1) assessing the
appropriateness of classroom-based cognitive training
program for the population, (2) assessing the appropri-
ateness of using the NeuroTracker and active control
task with this population, (3) assessing the validity of
using standardised measures to assess far-transfer effects
of the intervention on academic performance. The re-
cruitment rate and low attrition demonstrate the feasi-
bility of conducting a cognitive training study in a
school setting. In addition, our results demonstrate that
all participants in the treatment condition adhered to

the training protocol, which suggests that using this
intervention is feasible with this population. Finally, it
was found that despite some limitations due to floor ef-
fects, the standardized reading and math tasks were sen-
sitive to individual differences in performance.

Feasibility of implementing a cognitive training program

Our first objective assessed the feasibility of implement-
ing a classroom-based cognitive training program with
participants with extremely low cognitive functioning.
Given the relatively low incidence of this type of cogni-
tive profile, it was critical to determine if a sufficient
proportion of parents, teachers, and adolescents with in-
tellectual challenges are interested in the implementa-
tion of cognitive training interventions in their
classroom. Our results suggest that slightly over half
(58%) of families contacted consented to participation in
a school-based cognitive training study and that adoles-
cents generally consent to receiving the intervention. To
our knowledge, this is the first study documenting will-
ingness to participate in a cognitive training intervention
study for this population. While our results are limited

1.50
1.25
1.00
0.75

Condition [l NeuroTracker [_] Google Chrome Dino

0.50
0.25
0.00

_ ]

-0.25
-0.50
-0.75
-1.00
-1.25
-1.50

Standardized Change in
Growth Value Score

Word Reading

Reading
Comprehension

Outcome Measure

Fig. 5 Standardized change in targeted academic outcome measures by condition. Note. The standardized change in growth value score for
each targeted outcome (i.e, reading and math) includes the standard deviation for both conditions as the denominator.
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to a specific setting (i.e., a private school providing spe-
cialized services), they confirm that school principals,
teachers, and parents of adolescents with intellectual chal-
lenges perceive the need for interventions that target defi-
cits in cognitive abilities such as attention. Our findings
also provide valuable information regarding the recruit-
ment rate that can be expected in a larger-scale study.

In addition to initial interest, it was also critical to assess
attrition, as it can pose a significant obstacle towards
evaluating the efficacy of a cognitive training paradigm
[31]. Outside of participants not meeting inclusion cri-
teria, the retention rate from baseline to post-intervention
assessments (83%) was similar to previous cognitive train-
ing studies conducted with participants with intellectual
challenges [20, 22]. This low attrition rate suggests that
the results of the study can be assessed fairly as they were
not biased by the factors that can lead to attrition (e.g.,
motivation, harm, perceived cost-benefit). We hypothesize
that the school-based nature of this study could have con-
tributed to the high retention rates as it facilitated access
the participants and monitoring throughout the study.
The low attrition rate also suggests that our inclusion cri-
teria were effective in identifying the participants that
would be able to complete all stages of the study.

With regard to inclusion criteria, our study addressed
a gap in the current cognitive training literature, which
typically excludes participants with intellectual function-
ing below the average range (see [14—16] for examples).
Our results are consistent with those of the few previous
studies which show that it is feasible to assess the effects
of cognitive training in students with similar cognitive
profiles [20-22]. While our eligibility criteria were simi-
lar to the one used in those studies, participants who
were likely to meet inclusion criteria prior to recruit-
ment were not selected. As a result, 3 of the 7 recruited
classrooms (44% of recruited participants) were excluded
following the screening assessment due to not meeting
inclusion criteria. The academic performance of most of
the participants in the excluded classrooms could not be
assessed fairly as they did not possess the access skills
necessary to engage with standardized tasks (e.g., were
non-verbal, had significant difficulties understanding
questions and instructions). Therefore, our findings ex-
pand on the current cognitive training literature by indi-
cating that while we can successfully implement
cognitive training study with individuals with extremely
low IQ, a subset of this population (i.e., individuals func-
tioning at the lower end of the distribution) lacks the
skills necessary to participate in such a study.

Feasibility of using NeuroTracker training for adolescents
with extremely low 1Qs

We hypothesized that due to its core characteriscs (i.e., ac-
curacy, accessibility, and adaptability), the NeuroTracker

Page 10 of 14

would be a suitable intervention to target academic diffi-
culties in this population. Given the strong relationship
between attention and academic performance [8], an
intervention which accurately targets attention such as the
NeuroTracker could be particularly beneficial for the
population targeted in this study. With regard to accessi-
bility, the complete adherence to the intervention indi-
cates that this intervention is accessible to adolescents
with extremely low cognitive functioning, expanding on
findings of a study conducted with adolescents with cogni-
tive functioning 1 to 2 standard deviations below average
[25]. Our results also demonstrate that the program can
be implemented as a group intervention and that one-to-
one supervision is not necessary for successful implemen-
tation, further demonstrating the accessibility of the task.

Another caracteristic of the NeuroTracker which we
hyposthesized would make it suitable for this population
is its adaptability. Previous research has highlighted that
adapting the task difficulty to a participant’s capacity is a
valuable feature of effective cognitive training interven-
tions [32]. The NeuroTracker is highly adaptable, as it
modifies task difficulty based on participants’ perform-
ance in three different ways (i.e., by adapting speed, dur-
ation of the task, and the number of targets). It remains
unclear whether the task was adaptive enough to meet
the needs of all participants, as data collected on the dif-
ficulty level attained during each session suggest that
about half of the participants showed progress on the
task throughout the 5 weeks, while the other half trained
on the lowest level of difficulty throughout most ses-
sions. A similar variability in training performance was
reported by [22], who examined the effects of a comput-
erized cognitive training task targetting non-verbal rea-
soning and working memory in children with ID.
Furture studies will be necessary to examine whether
these participants were making progress within the low-
est level, or if they were simply not engaging with the
task because it was above their baseline capacity. None-
theless, high adherence on the NeuroTracker increases
the likelyhood that particpants will benefit from this
intervention.

The adaptive nature of the NeuroTracker is based on
factors that influence an individual performance on the
Multiple Object-Tracking (MOT) task, the psychophys-
ical task that the NeuroTracker is based on. Previous re-
search examining MOT capability has demonstrated that
manipulating the paradigm’s task demands (i.e., similar
to those manipulated here to adapt to the participant’s
capability) quantifies the attentional resources required
to successfully complete the trial [27, 33]. Thus, any
change in either the number of target items, the speed
of all objects, and/or tracking duration is directly associ-
ated with the task’s attentional demands or level of
difficulty.
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One critical advantage of using the NeuroTracker with
students with extremely low IQ is its ability to adapt to
the participants’ capability by increasing or decreasing
trial speed, depending on correct or incorrect responses,
respectively. The importance of adaptability has been
demonstrated with other cognitive training paradigms
[34-36]. In fact, published meta-analyses that have con-
cluded that adaptive cognitive training programs pro-
duced larger effects than non-adaptive programs (see
[37, 38]). Nevertheless, there is a lack of research that
has assessed adaptability as a variable for identifing opti-
mal adaptive training protocols. As such, future research
examining the benefits of diverse levels of adaptivity
would be a significant contribution to uncover the
mechanisms of NeuroTracker training as well as cogni-
tive training at large.

Scientific validity assessment
In addition to assessing the feasibility of using the Neu-
roTracker with adolescents with extremely low cognitive
functioning, an important objective of this study was to
assess the suitability of clinically validated academic
measures in this population. Exploratory correlations be-
tween scores on the cognitive and academic measures
were conducted to examine the degree of co-variability
between them. The objective of these exploratory ana-
lyses was not to infer a relationship between cognitive
and academic capability. In fact, there are significant vio-
lations to the statistical assumptions that preclude this
conclusion; (i) the variables are not normally distributed,
(i) the sample size is small, and (iii) the sample recruited
represents one portion of the normal distribution (i.e.,
restricted range). Rather, the analyses allowed us to ob-
serve the spread of the scores and the covariance be-
tween the cognitive and academic measures. Floor
effects have been identified as being an issue in reducing
range and variability when using standardized measures
to assess abilities in individuals with significant intellec-
tual challenges (e.g., [39, 40]). Therefore, a large cluster
at the floor of each measure would have been an indica-
tion that these measures are not an appropriate tool to
detect individual differences in performance in this
population. However, the spread of scores (i.e., absence
of large clusters at the floor of each measure) suggest
that the measures presented an adequate degree of sen-
sitivity in detecting individual differences across both
cognitive and academic domains. Slightly larger floor ef-
fects were found for the Reading Comprehension and
the Math Fluency Subtraction tasks of the WIAT-IIL

A closer examination of Raw Scores on these tasks
also indicates that a higher proportion of participants
could not complete them. About a quarter (27%) of par-
ticipants meeting inclusion criteria were unable to an-
swer any questions on the reading comprehension task.
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As the task’s easiest item requires reading 8 short sen-
tences, we hypothesize that it is too advanced to assess
the reading comprehension skills of emergent readers
(i.e., participants who could recognize some individual
words but had difficulty reading connected text). The
small floor effect observed on this task could also be af-
fected by access skills, as the task places a high demand
on verbal skills (e.g., understand the examiner’s question,
respond verbally). A similar proportion of participants
(30%) were unable to answer any of the Math Fluency
Subtraction items correctly. In this case, we hypothesize
that the distribution of scores likely represents the skill
level of participants rather than deficits in access skills,
as the presentation of the task was similar to the
Addition task, which had a higher completion rate.
Nevertheless, the degree of variability presented by the
values suggests that overall, the measures were represen-
tative of the participant’s academic capabilities.

Exploratory analysis of changes in academic perform-
ance before and after training was also conducted to ex-
plore whether the measures could detect changes in
performance following training. We note that the object-
ive of these analyses was not to assess the effectiveness
of the NeuroTracker in improving academic perform-
ance, and that given the small sample size we do not
suggest that the results demonstrate transferability of
training to these academic skills. Significant changes in
performance from baseline to post-intervention were
found for the intervention group on the Reading Com-
prehension task. We suggest that these results indicate
that standardized academic measures can detect individ-
ual differences in reading and math skills and potentially
detect changes in performance as a function of the inter-
vention. The use of “in-house” measures which lack reli-
ability and real-world validity has been highlighted as a
significant limitation of the current cognitive training re-
search [1, 13]. Our results demonstrate standardized
academic measures are an appropriate and feasible mean
to assess change in academic performance as a result of
cognitive training, even in atypically developing popula-
tions. The use of such clinically validated and highly-
reliable instruments reduces sources of error and im-
proves our ability to accurately assess the efficacy of the
cognitive training program.

Limitations

A limitation of this study was the inability to examine
the performance of participants within levels of diffi-
culty. As a result, it was not possible to assess the adapt-
ability within the levels of difficulty. Therefore, it
remains unclear whether participants that ended training
at the lowest level of difficulty were representative of
their capability and whether they improved within this
level. Nonetheless, the data collected suggests the task
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presents with a wide range of adaptability which de-
tected improvements in performance in half of partici-
pants. A further limitation was that the study’s inclusion
criteria limited participation to a group of adolescents
who presented emergent reading and math skills and
who showed a certain ability to engage with standardized
tasks (i.e., could answer questions verbally, showed min-
imal behaviour problems). While this limited the
generalizability of our findings to adolescents who have
similar characteristics, we believe this was necessary in
order to evaluate the feasibility of using standardized
measures to assess response to a cognitive training inter-
vention for this underserved subpopulation. Finally, as
the study did not include a follow-up assessment, we
could not determine if retention rates would remain
high if another assessment was conducted several weeks
or months after post-test to investigate the long-term ef-
fects of the training program. The results of the post-
test provide us evidence and support that a follow-up as-
sessment would be feasible and warranted. Therefore,
the inclusion of follow-up assessments would be of par-
ticular importance in future studies, as it is hypothesized
that training benefits may be delayed rather than imme-
diate [1, 13].

Implications for future studies

The information obtained through this feasibility study
suggest provided support for the feasibility of conducting
studies to assess the viability of using the NeuroTracker
with adolescents with significant intellectual challenges.
Therefore, our findings suggest that families are inter-
ested in participating in such a study and that this popu-
lation can comply with training and engage with the
NeuroTracker. Results from this study provided support
for the use of standardized measures to assess academic
performance, while identifying limitations that should be
addressed in future studies, such as selection of a read-
ing comprehension task with easier floor items (e.g.,
tasks that assess reading comprehension by asking to
match a word or phrase with a picture). It was also
found that while participants were all selected from
classrooms which group students with similar function-
ing levels, there was a significant variability in their
progress throughout training. This emphasizes the im-
portance for future studies to investigate the impact of
individual factors (e.g., IQ, baseline attentional capaci-
ties, co-morbid diagnosis) on the response to
intervention.

Objectives centered on identifying individual differ-
ences factors that predict to improvement as a function
of the intervention are examined in effectiveness studies
(as defined by 1). Although our current study collected
such baseline and/or non-trained cognitive data, the
small sample size of participants in the treatment
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condition (n = 15) precludes any concrete conclusions
on the role of individual differences factors here. More-
over, previous research examining the efficacy of Neuro-
Tracker found no evidence of an association between
improvement on the training paradigm and improve-
ment in the non-trained targeted outcome [25]. As such,
the mechanisms underlying the translation of benefits
from the training paradigm remain unclear. The findings
from the current study encourage future research arch
questions that explore the factors that explain differ-
ences in program efficacy (i.e., improvement) and the
underlying mechanisms at play, which translate to im-
provement in targeted outcomes.

Finally, the optimization of treatment duration (ie.,
the amount of training sessions) and/or training dosage
(i.e, the amount of time spent training) remains un-
known for training with NeuroTracker, as is the case
throughout the field of cognitive training. While meta-
analyses have highlighted that time spent in repeated
practice is positively related to degree of improvement
in targeted outcomes [38, 41, 42], the optimal levels of
treatment duration or time per training session remains
unknown. Thus, research aimed at optimizing treatment
duration and dosage is of great importance and would
significantly advance the field of cognitive training at
large, it is best served in research uncovering the mecha-
nisms of the cognitive training program, rather than in
research assessing the feasibility to implement a cogni-
tive training program and/or the appropriateness of the
training paradigm for specific populations, as assessed
here.

Conclusions

Despite the growing litterature on cognitive training pro-
grams targetting abilities such as working memory or at-
tention, very few protocols have been developped or
validated to meet the needs of children with significant
intellectual challenges, an underserved portion of the
student population. The present study demonstrated the
feasibility of a school-based cognitive training interven-
tion in adolescents with extremely low cognitive func-
tioning and diverse developmental disabilities. Whereas
most cognitive training studies usually exclude partici-
pants with below-average IQs, the current study focused
on participants that presented well below average cogni-
tive functioning. Our results suggest that the Neuro-
Tracker represents an accessible and appropriate
intervention to improve attention in this population. In
addition, information obtained here can have implica-
tions for designing and assessing the effectiveness of in-
terventions in this population [1]. Another strength of
this of this study was the use of standardized math and
reading tasks which had documented reliability and pro-
vided clinically interpretable scores. Although two of the
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outcome measures were too difficult for some of the
participants, we believe that the measures were sensitive
enough to reflect variability in performance at baseline
and potentially assess far-transfer effects. Given these
considerations, we recommend the continuation of ef-
fectiveness studies on cognitive training in children and
adolescents with extremely low cognitive functioning.
Opverall, strengthening the knowledge of the feasiblity of
implementing an efficacy and/or effectiveness study for
typically underserved populations, as well as assessing
the appropriateness of targeted outcome measures ex-
tends the knowledge in the field of cognitive training.
Additionally, further validating promising cognitive
training paradigms has implications for parents of chil-
dren with developmental disabilities, teachers, and edu-
cation professionals, providing an alternative or
supplemental approach towards improving academics
and other-realted cognitive deficits.
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