Basic and Clinical

July, August 2020, Volume 11, Number 4

Research Paper: Comparison of the Effect of Cognitive 7 m
Rehabilitation and Neurofeedback on Sustained Attention
Among Elementary School Students With Specific Learning
Disorder: A Preliminary Randomized Controlled Clinical Trial

Amir Azizi' ©, Fazlolah Mir Drikvand"" (5, Mohamad Ali Sepahvani'

1. Department of Psychology, Faculty of Literature and Human Sciences, Lorestan University, Khoram Abad, Iran.

Use your device to scan
and read the article online

[STETIETT Azizi, A., Mir Drikvand, F., & Sepahvani, M.A. Comparison of the Effect of Cognitive Rehabilitation and Neuro-
feedback on Sustained Attention Among Elementary School Students With Specific Learning Disorder: A Preliminary Random-
ized Controlled Clinical Trial. Basic and Clinical Neuroscience, 11(4), 465-472. http://dx.doi.org/10.32598/ben.11.4.1211.1

http://dx.doi.org/10.32598/ben.11.4.1211.1

ABSTRACT

Introduction: Sustained Attention (SA) failure is one of the main characteristics of Specific
Article info: Learning Disorders (SLD). Recent studies have reported a positive effect of Cognitive

’ Rehabilitation (CR) and Neurofeedback (NFB) on SA in SLD. Thus, the effectiveness of CR
Received: 06 Sep 2017 :  and NFB is well understood. This preliminary study aimed to compare the effects of CR and
First Revision: 20 Oct 2017 : NFB on SA among the elementary school students with SLD, using a randomized controlled
Accepted: 10 Feb 2020 ¢ clinical trial.

Available Online: 01 Jul 2020 Methods: In this preliminary randomized controlled clinical trial, 53 eligible students with

SLD (based on DSM-5) within the age range of 7 to 10 years were randomly assigned in the
NFB (n=18), CR (n=18), and control group (n=17). All the participants were evaluated for SA
using the Continuous Performance Test (CPT), at the time of entry to the study, and one month
later. The intervention groups participated in 20 sessions of CR and 20 sessions of NFB, while
the control group was evaluated without any intervention.

: Results: A total number of 24 boys and 36 girls in four groups (n=15) completed the study. The
Keywords: MeantSD age of the participants in the CR, NFB, and control groups were 8.66+1.48 years,

: 8.40£1.73 years, and 8.53+1.63 years, respectively. Results showed a significant difference in
Neurofeedback, Sustained the variable; of thgl CPI betfwlfe;;h]; study %I'L)(l)l}())% §P<0.05). Also, the CPT scores of the CR
attention, Specific learning group were higher than that of the group (P<0.001).

disorder i Conclusion: This study supports that CR is more effective than NFB on SA in students with SLD.
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e There is a significant difference in the variables of the CPT between the study groups.

® The CPT scores of the CR group were higher than that of the NFB group.

Plain Language Summary

Sustained Attention (SA) failure is one of the main characteristics of Specific Learning Disorders (SLD). Recent stud-
ies have reported a positive effect of Cognitive Rehabilitation (CR) and Neurofeedback (NFB) on SA in SLD. Thus, the
effectiveness of CR and NFB is well understood. The study aimed to compare the effects of CR and NFB on SA among
the elementary school students with SLD, using a randomized controlled clinical trial.In this preliminary randomized
controlled clinical trial, 53 eligible students with SLD (based on DSM-5) within the age ranged 7-10 years were ran-
domly assigned in the NFB (n=18), CR (n=18), and control group (n=17). All the participants were evaluated for SA
using the Continuous Performance Test (CPT), at the time of entry to the study and one month later. The intervention
groups participated in 20 sessions of CR and 20 sessions of NFB, while the control group was evaluated without any
intervention. Results showed a significant difference in the variables of the CPT between the study groups. Also, the
CPT scores of the CR group were higher than that of the NFB group .

1. Introduction

pecific Learning Disorder (SLD) is one of
the most common neurodevelopmental dis-
orders among school-aged children (Moll,
Kunze, Neuhoff, Bruder, & Schulte-Korne,
2014). It involves ongoing problems in learn-
ing key academic skills, including reading,
writing, and math. The prevalence of SLD
is 5% to 15% in the area of education among elementary
school children (DSM-5, American Psychiatric Associa-
tion, 2013). The students with SLD are more likely to drop
out of school (Vogel & Reder, 1989), remain unemployed
(Shapiro & Lentz, 1991), or even have suicidal thoughts,
compared with other students (Daniel et al., 2006).

Sustained Attention (SA) is the ability to direct and fo-
cus on a specific stimulus without being distracted for
a continuous amount of time (Oken, Salinsky, & Elsas,
2006; Bergera & Cassutob, 2014). Learning Disabilities
(LD) can coexist with the problems in attention perfor-
mance that complicates the LD (Sterr, 2004). Evidence
shows that children with specific reading disorders have
deficits in SA (Duncan et al.,1994). Also, some studies
have demonstrated that children with dyslexia exhibit
attention deficits (Facoetti et al., 2006; Marzocchi, Or-
naghi, Barboglio, 2009). For example, Facoetti and
Molteni (2000) showed that children with dyslexia have
problems in focusing attention on text and the simultane-
ous inhibition of distractor stimuli.

In recent decades, a growing interest has been observed
in the use of Cognitive Rehabilitation (CR) in the field
of executive functioning (Rodriguez-Blanco, Lubrini,
Vidal-Marifio, & Rios-Lago, 2017) among children and
adolescents with LD (Peijnenborgh, Hurks, Aldenkamp,
Vles, & Hendriksen, 2016). CR is a collection of meth-
ods designed to increase executive functioning, such as
perception, attention, comprehension, learning, memory,
problem-solving, and reasoning in people with impair-
ments in these areas (Galletly & Rigby, 2013). Evidence
shows that CR can promote SA in LD (Gray etal., 2012),
cerebral palsy (Muriel, Garcia-Molina, Aparicio-Lopez,
Ensenat, & Roig-Rovira, 2014), Alzheimer disease
(Kasper, 2015), and multiple sclerosis (Amato et al.,
2013; De Giglio et al., 2015).

Neurofeedback (NFB) is another technique used to re-
duce the symptoms of LD (Mosanezhad Jeddi & Naz-
ari, 2013). By the regulation of the Electroencephalo-
gram (EEG), functional Magnetic Resonance Imaging
(fMRI), and HEG abnormalities, NFB can be a helpful
intervention in the treatment of some disorders (Nazari,
Querne, De Broca, & Berquin, 2011). This treatment ap-
proach, as a non-pharmacological intervention, intends
to alter the brain activity by providing the feedback of
EEG activity (Loo & Makeig, 2012). NFB increases the
beta activity and suppresses the theta activity, and has
been observed to improve SA in some disorders, such
as reading disorder (Mosanezhad Jeddi & Nazari, 2013)
and attention-Deficit/Hyperactivity Disorder (ADHD)
(Steiner, Frenette, Rene, Brennan, & Perrin, 2014).
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Asnoted, SLD is often accompanied by impairments in
neurocognitive functioning, such as deficits in SA (Law-
rence, Ross, Hoffmann, Garavan, & Stein, 2003). Recent
studies have reported the positive effect of CR (Gray et
al., 2012; De Giglio et al., 2015) and NFB (Mosanezhad
Jeddi & Nazari, 2013) on SA in SLD and some other dis-
orders. However, no study has compared the effect of the
CR and NFB training in children with SLD. Therefore,
using a Randomized Controlled clinical Trial (RCT), this
study aimed to determine and compare the efficacy of
CR and NFB on SA among the elementary school stu-
dents with SLD.

2. Materials & Methods
2.1. Study design and participants

In this preliminary RCT, 53 elementary students with
the diagnosis of SLD, according to the DSM-5 criteria
(American Psychiatric Association, 2013), were se-
lected. The participants were in the age range of 7 to 10
years and were attending the Learning Disability Cen-
ter (Tabriz, IR Iran). They were randomly assigned in
three study groups: NFB (n=18), CR (n=18), and control
group (n=17).

Before study enrolment, a psychologist screened the
participants for study eligibility. The inclusion criteria
were as follows: the age range of 7 to 10 years; the educa-
tional grade of 1 to 4; one or more years of education; no
comorbidity of the other neurodevelopmental disorders,
such as ADHD, communication disorder, Developmen-
tal Coordination Disorder (DCD), and autism spectrum
disorder; the lack of other mental disorders, such as anxi-
ety disorders, mood disorders, bipolar disorders; and the
absence of conditions that could interfere with the diag-
nosis of SLD, according to the parents’ reports and the
recorded psychiatric cases. The exclusion criteria were
abnormal mental ability, the chronic use of medications,
receiving CR or NFB before entering the study, and un-
willingness for cooperation.

2.2. Intervention
2.2.1. Cognitive rehabilitation

The training involved 20 sessions of CR three times per
week (each session lasting 45 minutes). The CR is a tri-
partite model that combines interventions derived from
several approaches: brain injury rehabilitation, educa-
tional psychology, and child clinical psychology (Butler
& Copeland, 2002). Specific CR training was program-
matic but individualized. The CR has several interdepen-
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dent components: hierarchically graded massed practice,
strategy acquisition, and cognitive-behavioral interven-
tion. The selected students completed a modified version
of the attention process training cognitive rehabilitation
program. This program was developed by Sohlberg and
colleagues (Sohlberg, Johnson, Paule, Raskin, & Ma-
teer, 1999; Sohlberg & Mateer, 1999). It is designed to
strengthen the dimensions of attentional processes. The
intervention for the preliminary RCT described here was
identical to Butler and Copeland’s CR approach (Butler
& Copeland, 2002). A certified CR training coach who
was completely independent of the study team super-
vised the CR training.

2.2.2. Neurofeedback

The participants received 20 sessions of in-school NFB
training for 30 to 45 minutes, two times per week; the
sessions were monitored by a trained Research Assistant
(RA). The RAs received a two-week standardized train-
ing to administer the NFB sessions. They filled out a
standardized checklist for each participant at every ses-
sion to monitor the implementation fidelity.

The specific NFB system (play attention, unique logic,
and technology, fletcher, NC) detects two frequency
ranges: one in the low-frequency theta brainwave range
(4-8 Hz), and another in the high-frequency beta brain-
wave range (12-15 Hz). These brainwaves were mea-
sured using three EEG sensors: embedded in a standard
bicycle helmet centrally located on the top of the skull, a
grounding sensor, and a reference on the chin straps lo-
cated bilaterally on the mastoids. Through the practices,
participants learn to manipulate the figures on the com-
puter screen, resulting in the suppression of the theta and
increase of the beta waves activity. As the theta-beta ratio
changes, the algorithm of the computer program scores
the participants, thus, they gradually learn to improve at-
tention on six different tasks.

2.3. Measurements
2.3.1. Continuous performance test

The SA was examined using a standard computerized
version of the Conners continuous performance test
(CPT) (Version 3.0; Conners, 1994). During the sequen-
tial presentation of a series of letters (1 inch in size), the
subject was instructed to press the keyboard for every let-
ter except X. In this test, each letter appears on the screen
for 250 ms; this task takes approximately 14 minutes to
complete. Inattention is assessed by the number of omis-
sion errors (ie, the targets to which the participant did
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not respond), commission errors (i.e. false positives) and
response times (Adams, Roberts, Milich, & Fillmore,
2011; Lopez-Martin, Fernandez-Jaén, & Carretié, 2013).
Some studies have reported an acceptable validity of
CPT for the research objectives (Raz, Bar-Haim, Sadeh,
& Dan, 2014). In this study, the reliability coefficients for
the CPT were an adequate value of 0.78.

2.4. Outcome assessment

The participants of the study groups were evaluated for
SA using CPT. The SA was assessed at the baseline and
one month after the beginning of the study. Accordingly,
the participants in the experimental groups were evaluated
before and after 20 sessions of CR or 20 sessions of NFB,
while the participants of the control group were evaluated
at the baseline and one month after the entry, without any
intervention.

2.5. Statistical analysis

Data were presented as mean+standard deviation and fre-
quency (percentage). The Multivariate Analysis of Cova-
riance (MANCOVA) followed by the Bonferroni post hoc
test was used for the comparison of the variables, between
three study groups and before and after the interventions.
Also, the effect sizes (estimated as Cohen’s F2) were pro-
vided. The effect size values were rated as small, medium,
and large for the F2 value of 0.02, 0.15, and 0.35, respec-
tively (Cohen, 1992). All statistical analyses were conduct-
ed with the IBM SPSS-20 (IBM Corp, 2011). The P values
of less than 0.05 were considered statistically significant.

Basic and Clinical

3. Results

3.1. Demographic data

A total of 69 students with SLD were recruited and
screened for eligibility (Figure 1). Of them, 16 students
did not meet the eligibility criteria: six showed the pres-
ence of attention-deficit/hyperactivity disorder and or
DCD, based on the parents’ reports and the recorded psy-
chiatric cases; four received NFB, and two received CR
before entering the study, and four were over 11 years of
age. The remaining 53 children were randomized to one
of the three study groups. At the Pre-test, three children of
each CR and NFB training groups were dropped out. Also,
two children of the control group were dropped out at the
Post-test. Therefore, 45 children completed the study: the
CR (n=15), NFB (n=15), and control (n=15) groups.

The total sample included 60 individuals, wherein 24
participants (40%) were boys and 36 participants (60%)
were girls. Besides, 5%, 33.3%, and 61.7% of the par-
ticipants were in the age ranges of 7 to 8 years, 8 to 9
years, and 9 to 10 years, respectively. The meantSD
age in the CR, NFB, and control groups were 8.66+1.48
years, 8.40+1.73 years, and 8.53+1.63 years, respec-
tively. Moreover, 16 students (51.7%( were enrolled in
the first-grade elementary school, 26 students (43.3%)
were enrolled in the second-grade elementary school,
two students (3.3%) were enrolled in the third-grade el-
ementary school, and one student (1.7%) were enrolled
in the fourth-grade elementary school. No statistically

Table 1. Descriptive statistics of the CPT variables at the pre-test and post-test, by the study group

Variable MSD
SA Groups
Pre-test Post-test
CR 2.05+4.26 1.06+1.43
Omissions NFB 1.43+3.25 0.82+2.60
Control 1.16+3.36 1.28+3.93
CR 1.53+9.73 1.42+4.20
Commissions NFB 1.35+8.60 0.98+5.40
Control 9.06+1.48 9.85+1.84
CR 34.01+434.56 30.98+332.40
Response time NFB 31.55+453.73 29.60+347.53
Control 32.23+423.30 32.57+436.21

SA: Sustained Attention; CR: Cognitive Rehabilitation; NFB: Neurofeedback; (N=45)
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Table 2. Comparison of the cpt variables at the pre-test and post-test, between the three study groups

CA F P ES (d)
Omissions 3.07 0.035 0.14
Commissions 3.81 0.015 0.17
Response time 10.23 0.001 0.36

ES: Effect Size (Cohen'’s d); TP: Test Power

7-10 years old students with SLD
(screening)
(N=069) >

Did not meet inclusion criteria (n = 10):
Comorbid ADHD, DCD (n = 6)

Age> 11 years (n=4)

v Meet the exclusion criteria (n = 6):
Receiving NFB (n = 4)

Receiving CR (n=2)

Incorporated into the study

(N =53)
v

Randomization (N = 53)

v v v
Cognitive Neurofeedback Control
rehabilitation (n=18) (n=17)
(n=18)
v v v
Pretest Dropped out (n Dropped out (n n=15
=3) =3)
Reason: Reason: chronic v
abnormal use of Dropped out (n
mental ability medications =2)
n=15 n=15 R .
eason: not
v v cooperating
Posttest n=15 n=15 n=15

Figure 1. Distribution of the study students

significant difference was found between the three study
groups in terms of demographic variables (P<0.05).

3.2.CPT

Table 1 presents the evaluated variables of CPT between
the three groups, at the Pre-test and Post-test.

All the measures of the omission errors, commission
errors, and response time improved from the pre to
Post-test, in the intervention groups but not in the con-
trol group (Table 1).

Table 2 represents the comparison of the CPT variables at
the pre-test and post-test, between the three study groups.

The MANCOVA showed a statistically significant dif-
ference at the P<0.05 level between the study groups in

omission errors (F3’53=3.O7, P=0.035), commission errors
(F,;;=3.81, P=0.015), and response time (F, = 10.23,
P=0.001). The eta squared statistic for the scores of the
omission errors and commission errors (0.14 and 0.17, re-
spectively) indicated a medium effect size. However, the
eta squared statistic of the response time score (0.36) indi-

cated a large effect size (Table 2).

The post hoc comparisons with the Bonferroni test indi-
cated a significant effect for the omission errors, commission
errors, and response time, with the higher scores of the CR
group than that of the NFB group (P<0.001). Also, there was
a significant effect for omission errors, commission errors,
and response time, with the higher scores of the experimental

groups than that of the control group (P<0.001).
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4. Discussion

Placebo in the present study caused no significant ef-
fect The analysis of data revealed some changes in the
SA of the NFB and CR groups that included students with
SLD. For example, the omission errors, commission er-
rors, and response time of the CPT decreased after the
NFB and CR training.

Different research studies indicated that children with
SLD have deficits in SA as important correlates of execu-
tive functioning (Willcutt et al., 2011). The improvement
of these abilities could result in growth in academic skills
among people with LD (Swanson & Jerman, 2007).

Mosanezhad Jeddi, and Nazari (2013) reported the suc-
cessful use of NFB for continuous attention and working
memory improvements; the NFB decreased theta and en-
hanced beta waves (15-18 Hz) in people with a reading
disorder. Furthermore, some studies reported the efficacy
of NFB on the improvement of SA in ADHD (Steiner,
Frenette, Rene, Brennan, & Perrin, 2014). Despite these
reports regarding the useful effects of NFB on SA, Ros-
tami et al. (2017) showed that NFB did not affect CA in
patients with traumatic brain injury. This contradiction is
justified by the various disorders discussed in both stud-
ies. Also, their study suffered from the reduction of the
sample size.

The main finding of our study is that compared with
NFB, the CR program reduced omission errors, commis-
sion errors, and response time, as assessed by CPT.

Some studies evaluated the effect of CR on cognitive
functions, such as the attention of the people with SLD.
In a randomized controlled trial study, Gray et al. (2012)
evaluated the effect of a computerized working memory
training program on adolescents with LD/ADHD. They
compared the attention of these people before and after
the math training and working memory training. Finally,
they showed that working memory training is more ef-
fective than math training on attention. Compared with
previous studies, the effect sizes of the omission errors,
commission errors, and especially response time were
more than those found by Gray et al. (2012).

Furthermore, CR can significantly affect sustained
attention (Rodriguez-Blanco, Lubrini, Vidal-Marifio,
& Rios-Lago, 217). For example, Kasper et al. (2015)
reported the improvements of SA after the CR training,
in people with Alzheimer disease. Some other studies
replicated these findings in people with other diseases,
including cerebral palsy (Muriel, Garcia-Molina, Apari-
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cio-Lopez, Ensenat, & Roig-Rovira, 2014) and multiple
sclerosis (Amato et al., 2013; De Giglio et al., 2015).

The underlying mechanisms of the clinical improve-
ment observed in our students with SLD following the
CR are difficult to identify. The fMRI-based studies re-
ported a functional reorganization in specific brain re-
gions following the rehabilitative programs that focused
on SA or executive functions (Sastre-Garriga, Alonso,
Renom, & Arévalo, 2011; Cerasa et al., 2013). Also, a
structural reorganization has been described even after
a short CR intervention period (Cerasa et al., 2013). We
hypothesize that similar mechanisms were involved in
the present study population; however, the functional
and structural modifications associated with CR training
programs have remained to be investigated.

Our findings presented that the NFB protocol improved
the scores of the Conners CPT, and the training protocol
was set to reduce the theta activity (4-8 Hz) and increase
the beta activity (12-15 Hz). The different kinds of neuro-
feedback will have different outcomes. If we change the
location or frequency of the sensors, it will change to a
very different protocol (Marzbani, Marateb, & Mansou-
rian, 2016). Therefore, NFB may be more effective than
the CR training, but the confirmation of this will require
more research in the future.

The CR is more effective than the NFB on SA improve-
ment, among students with SLD. However, we believe
that for making an exact decision about the use of CR in
students with SLD, more research projects with follow-up
should be done.
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