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Abstract. Purpose: The aim of this randomized clinical trial study was to evaluate the efficacy of an intervention program based
on social mediation, cooperative learning and metacognition (Metacognitive Dimension) in preadolescents with acquired brain
injury (ABI).

Farticipants/Methods: Participants were 29 ABI preadolescents: 14 in the experimental group and 15 in the control group
(average age, 10.4 y.o.; average time of lesion, 5.3 years). Evaluations were conducted 3 months after the start of the intervention,
using the Evaluation Scale of Elementary School Learning Strategies (ESESLS) to assess metacognitive strategies, Self-Concept
Scale for Children (SCSC) and Behavioral Rating Inventory of Executive Functions (BRIEF).

Results: The experimental group had superior outcomes to the control. The results of metacognitive strategies (ESESLS) and
self-concept (SCSC) were better in the experimental than in the control group (p < 0.05). BRIEF did not reveal any significant
differences between the groups, although we observed better results in the experimental group for 5 sub items of the scale, in the
broader index and global executive composite score.

Conclusion: Three months of an intervention based on cooperative learning helped preadolescents with acquired brain in-
jury develop metacognitive strategies and improve self-concept, thereby helping empower the preadolescents in their social
relationships.

Keywords: Brain injuries — rehabilitation, randomized controlled trial, adolescent behavior, adolescent psychology, self-concept,
executive function

1. Introduction

The SARAH Network of Neurorehabilitation Hos-
pitals originally created the family-based methodolo-
gy for children with acquired brain injury (ABI) three
decades ago. Over the years, this methodology has
evolved with ongoing research and clinical experience,
adjusting to the changing needs of the child and fam-
ily [2-9,29]. A randomized clinical trial showed that

*Corresponding author: Lucia Willadino Braga, SARAH Hospi-
tal, SMHS Quadra 501, Conjunto A, Terreo, 70.335-901 Brasilia,
DF, Brazil. Tel.: +55 61 3319 1206; Fax: +55 61 3226 5280; E-mail:
luciabraga@sarah.br.

children with ABI rehabilitated with the participation
of the family within the context of everyday routines
had better cognitive and motor outcomes after one year
of intervention than the children treated exclusively by
professionals [8]. However, the role of the family in the
development and daily life of the child starts to change
in preadolescence, when friends become increasingly
important.

The beginning of adolescence is marked by exten-
sive social and emotional changes that impact the indi-
vidual’s relationship with family and friends, resulting
in distinct challenges [13,16,22] . This phase is char-
acterized by the acquisition of new cognitive, logical
and hypothesis-forming abilities. There is greater in-
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terest in social relationships organized in peer groups.
The combination of developmental changes leads to
new ways of interacting with the parents; further-
more, preadolescents begin to spend twice as much
extracurricular time with their peers than with their
families [22]. ABI adolescents and young adults can
have various problems caused by impulsiveness, ag-
gression, social awkwardness and impaired social per-
ception [30]. It is especially important, then, to devel-
op an approach aimed at empowering them with self-
regulating abilities before they mature into full adoles-
cence.

To help preadolescents with ABI, we made several
changes to the family-based methodology to create a
new intervention approach more tailored to the specific
needs of this stage of development and to prepare them
for adolescence and the start of adult life. The new
project centers on developing cooperative learning for
preadolescents with ABI, with a strong emphasis on
community and peer relationships [10]. The initial
foundation for this approach was based on concepts
from the 5th Dimension (SthD) [11,12].

The 5thD is a playworld model system created in San
Diego, California among non-brain injured preadoles-
cents of both sexes, with a range of ages, ethnicities,
and social classes. The playworld is organized as a
micro-culture in out-of-school, community-based set-
tings frequented by children and youth [11,12]. Impor-
tant contributors to the 5thD are college undergraduates
(“students”) who are trained to interact with the pread-
olescents to promote joint learning. While the students
are given the opportunity for practical, hands-on expe-
rience with development theories, the preadolescents
are given the chance to grow and interact with more ex-
perienced pairs [12]. The program has shown good re-
sults in several countries [12], but, until now, the model
had never been tested on a group of preadolescents with
acquired brain injury.

The project that we created for preadolescents with
ABI used many of the 5thD concepts, which were
adapted to meet the special needs and challenges of
this population. A special virtue of the 5thD in this
regard is that it is designed for modifiability to specific
populations and local circumstances. This new project
is called Metacognitive Dimension (MCD) and aims to
enrich and stimulate the social, academic, intellectu-
al, and neuropsychological development of preadoles-
cents with ABI, empowering them through metacog-
nition. Metacognition describes individuals’ ability to
track their cognitive processing and comprises both
knowledge and experience; it can lead to learning self-
regulation and other cognitive functions [28].

The involvement of college undergraduates in the
projectis fundamental to stimulating metacognition. In
the Metacognitive Dimension, these are students major-
ing in psychology and teaching. They are taught the ba-
sic concepts of mediation, metacognition and learning,
and are supervised in their MCD activities by qualified
professionals from the SARAH rehabilitation center’s
multidisciplinary team. These students are important;
because of their age and experience, they share a sim-
ilar vocabulary and range of interests with the pread-
olescents in the project. Students just starting college
are particularly appropriate “more capable peers”: they
are closer in age to the preadolescents and consequent-
ly better satisfy the “more capable peer” requirement
than older students, who might instead identify with
the parents or professional staff.

The students are instructed in how to deploy the con-
cept of cooperative learning, which refers to instruc-
tional methods in which pairs or small groups collab-
orate to accomplish a shared goal [20,25]. The aim
of this cooperation is for individuals to maximize their
own and each other’s learning, with members striving
for joint benefit [21]. Interactions with the students
stimulate a variety of cognitive and social functions in-
cluding metacognition, thereby helping the preadoles-
cents reflect on their thought processes and behavior.

To test the hypotheses that the MCD intervention is
better at promoting self-esteem and the development of
metacognition than the traditional approach to preado-
lescents with ABI, we conducted a randomized clinical
trial comparing the groups.

2. Methods
2.1. Participants

Participants were 29 preadolescents with ABI in
treatment at the SARAH Network of Neurorehabil-
itation Hospitals in Brazil, with an average time of
5.3 years since the injury. At recruitment the pread-
olescents were attending school and involved in lon-
gitudinal follow-up by the rehabilitation team, with-
in the family based approach. Inclusion criteria were:
(1) ages between 9 and 13 years old; (2) history of
moderate or severe ABI on the Glasgow Coma Scale
(GCS) [19]; (3) ABI onset at least 12 months prior
to study (i.e., chronic stage); (4) scores in 2 Broader
Indexes of the Behavior Rating Inventory of Execu-
tive Function (BRIEF) [17]: t Score of the Behavioral
Regulation Index > 50 and t Score of the Metacogni-
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Table 1
Characteristics of participants™®
Groups
Characteristics Experimental Control
n=14 n=15
Gender (female/male) 5/9 3/12
Age at start of study (years) 10.3 (2.1) 10.5 (1.8)
Age at brain injury onset (years) 4.8 (3.0) 5424
Time lapsed since brain injury (years) 5.5@3.3) 5.1(2.4)
Family’s average monthly income (dollars) 789 (353) 865 (397)
Glasgow score at brain injury onset 9.4 (3.4) 9.1 2.7)
BRIEF: Behavioral Regulation Index 65.2 (12.8) 58.3(9.5)
BRIEF: Metacognition Index 64.9 (9.1) 59.8 (9.9)
Motor impairment, n
None 7 10
Monoparesis 3 1
Hemiparesis 3 3
Tetraparesis 1 1

Unless otherwise stated, the values are means and standard deviations (SD);

n — number of child.

*There are no significant differences between groups.

tion Index > 50. Exclusion criteria were: (1) relevant
sensorial disorders; (2) unresponsive state; (3) serious
neuropsychiatric diagnosis; (4) motor or neuropsycho-
logical impairments that preclude assessment tests.

From October 2010 through February 2011, 45 pa-
tients were considered; 29 fulfilled the inclusion crite-
ria and were followed up from February to April 2011.
Subjects were randomly assigned to either the MCD in-
tervention program (n = 14) or to a control group (n =
15). The groups were homogenous; there was no dif-
ference in any of the characteristics, thereby confirming
the effectiveness of the randomization (Table 1).

A majority (83%) had MRIs done on a 3.0 Tesla
scanner (Magnetom Trio, Siemens). Several preadoles-
cents (17%) were unable to submit to an MRI due to be-
havioral problems; in these cases, CT scans (Mx8000,
Multislice CT Imaging System, Phillips) were conduct-
ed. The most frequent traumatic injuries affected the
frontal region of the brain, followed by the temporal
area and corpus callosum. There was no significant
difference in lesion between the groups (Table 2).

2.2. Procedures

2.2.1. Intervention group

The preadolescents of the experimental group par-
ticipated in the Metacognitive Dimension (MCD) pro-
gram, the version of the 5thD evolved at SARAH. In
this case, college students majoring in psychology or
teaching acted as the more capable peers. The students
and preadolescents generally worked in pairs, some-
times forming small groups. The student/preadolescent
pair planned and executed a series of diverse tasks,

Table 2
Neuroimaging evaluation: frequency of children with lesions in each
given location, by treatment groups™

Groups
Experimental Control
n (%) n (%)

Frontal

Right 5(36) 4(27)

Left 4(29) 5(33)
Occipital 2(14) 3 (20)
Temporal

Right 3(21) 427

Left 1(7) 2(13)
Parietal

Right 1(7) 1(7)

Left 1(7 2 (13)
Brainstem 1(7) 1(7)
Cerebellum 3(21) 4.(27)
Corpus callosum 4(29) 5(@33)
Basal nuclei

Right 2 (14) 1(7)

Left 1(7) 2 (13)

n —number of child; % — percentage relative to the number of partic-
ipants in the study group.

*There are no significant differences between groups.

Note: subject may present lesion in more then one location.

such as computer or board games, artistic or physical
activities.

The students deployed deliberate mediational strate-
gies to foster the preadolescent’s neuropsychological
development and metacognition. For example, if the
preadolescent asked the student a specific question, the
student would not simply answer; instead, he/she would
reformulate the question and pose it back to the pread-
olescent. If needed, the student provided suggestions
to help the less experienced partner (the preadolescent)
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Self-Concept Scale for Children (SCSC)

Primary outcomes: by overall score and by domain Group p-value™*
Experimental Control
mean (sd) mean (sd)
Self-Concept Scale for Children 58 (18.8) 42 (20.4) 0.043
Personal self-concept 62 (16.5) 45 (23.5) 0.055
Academic self-concept 60 (19.2) 38 (18.6) 0.009
Family self-concept 61 (19.3) 43 (17.6) 0.029
Social self-concept 50 (22.8) 42 (22.5) 0.314

sd — standard deviation.
*Mann-Whitney.

explore possibilities [25]. All interactions were based
on cooperative learning, that is, on jointly “construct-
ing” development.

The preadolescents in this group came to the center
2 afternoons a week and participated in the playworld
activities mediated by the college students and rehabil-
itation team. They engaged in these activities for two
hours every visit. There were a total of 26 sessions over
a three-month period.

At the end of each afternoon’s activities, the students
and professionals gathered to discuss clinical aspects
and exchanges, propose ideas, and make suggestions
for the project. In addition, the rehabilitation team
prompted the students to theoretical and practical re-
flections by leading the discussions and encouraging
them to engage their growing knowledge and observa-
tions.

2.3. Control group

The preadolescents in this group continued to be
treated according to the guidelines of the family-based
approach, and underwent individual periodic reviews
with the multidisciplinary team at the rehabilitation
center [8,9].

2.3.1. Measures

After 3 months of intervention, the preadolescents
in both groups were evaluated. Each outcome was
analyzed according to the intention-to-treat principle.

The two primary outcome measures were 1) Self-
Concept Scale for Children (SCSC) [24]; and 2) Eval-
uation Scale of Elementary School Learning Strategies
(ESESLS) [23] that assessed the metacognitive learn-
ing strategies. Both scales were standardized on the
Brazilian population.

Before starting the study, the parents answered the
Behavioral Rating Inventory of Executive Functions
(BRIEF) questionnaire, used to evaluate executive
function and behavior in the home environment, as well

as inclusion criteria. After 3 months of intervention,
this questionnaire was given to the parents again as
secondary outcomes. The professionals that conduct-
ed these assessments were not part of the intervention
teams; rather, they worked on other SARAH programs
or at other SARAH hospitals. The SARAH Network
Ethics Committee approved the research protocol and
all proxies gave their written informed consent to par-
ticipate in the trial.

2.3.2. Data analysis

Fisher’s Exact and Mann-Whitney tests were used to
check differences between the groups at baseline. The
Mann-Whitney also analyzed the primary outcomes
(metacognition — SCSC and ESESLS) obtained only
after the intervention period, taking our hypothesis into
account. The unique variable measured before and af-
ter the intervention was the BRIEF questionnaire, con-
sidered exclusion criteria at baseline and as secondary
outcomes at the end of the study. Statistical signifi-
cance for these analyses was p < 0.05.

3. Results

There were significant differences between the ex-
perimental and control groups on the Self-Concept
Scale for Children (SCSC) and the Evaluation Scale of
Elementary School Learning Strategies (ESESLS). Af-
ter 3 months, the experimental group presented higher
averages than the control group in both the SCSC and
ESESLS.

The preadolescents in the experimental group ob-
tained an average 58-point overall score on the SC-
SC scale (Table 3), significantly better than the control
group’s average of 42 points (p = 0.043). In all of the
SCSC sub items, the experimental group had a point
average superior to the control group, with statistical
significance in the academic self-concept (p = 0.009)
and family self-concept (p = 0.029) sub items.
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Table 4
Evaluation Scale of Elementary School Learning Strategies (ESESLS)
Primary outcomes: By overall score and by domain Group p-value™®
Experimental Control
mean (sd) mean (sd)
Evaluation Scale of Elementary School Learning Strategies 52 (28.4) 29 (28.5) 0.033
Absence of dysfunctional strategies 58 (27.6) 27 (23.9) 0.003
Cognitive strategies 39 (26.9) 34 (22.6) 0.660
Metacognitive strategies 56 (29.9) 25 (20.0) 0.003

sd — standard deviation.
*Mann-Whitney.

On the ESESLS scale (Table 4), the experimental
group obtained an average 52 points, while the control
group had a significantly inferior average of 29 points
(p = 0.033). In the ESESLS sub items, the experimen-
tal group always had better performance, with a sig-
nificant difference between the groups in the sub items
“absence of dysfunctional strategies” (p = 0.003) and
“metacognitive strategies” (p = 0.003).

BRIEF was used to compare the differences between
the parents’ rating in the two groups, pre and post-
intervention. No differences between the groups were
observed. However, the experimental group had better
scores (which in the BRIEF were expressed by a re-
duction in the t score), on the Global Executive Com-
posite and on the 2 Broader Index, Behavioral Regu-
lation Index and Metacognition Index. In the domains
Shift, Emotional Control, Initiate, Working Memory,
and Plan/Organize, the experimental group also ob-
tained greater improvementin parental ratings but, pos-
sibly because of the small sample size, these differences
were not significant (Table 5).

4. Discussion

We decided to conduct this randomized clinical tri-
al because there was no previously published evidence
that an intervention program based on social mediation,
cooperative learning and metacognition (Metacognitive
Dimension) can help preadolescents with ABI improve
their cognitive strategies and self-concept. After only
three months, the group that participated in the inter-
vention program presented more gains than the control
group in metacognitive strategies (planning, monitor-
ing and regulating behavior) and absence of dysfunc-
tional strategies (use of strategies not very effective for
the given setting or situation), as assessed by the Eval-
uation Scale of Elementary School Learning Strategies
(ESESLS). The Self-Concept Scale for Children (SC-
SC) also showed better outcomes in the experimental
group than in the control. Comparison of parental rat-

Table 5
BRIEF results (t score): improvement in three months (second eval-
uation minus first evaluation)*

BRIEF domains Experimental Control
group group
mean (sd) mean (sd)
Behavioral Regulation Index —1.1(7.5) 4.1(12.4)
Inhibit 0.1 (11.3) —1.3(10.0)
Shift —1.3(9.9) 3.7(14.2)
Emotional Control —2.4(8.1) 2.2(12.3)
Metacognition Index —0.3(8.9) 2.2 (7.6)
Initiate —3.3(12.5) 2.9 (6.7)
Working Memory —1.4(5.3) 2.0 (8.3)
Plan/Organize —1.3(8.4) 3.1(10.7)
Org of Materials 3.7 (15.3) 1.5(10.4)
Monitor 1.4 (11.8) 2.1 (11.7)
Global Executive Composite —1.5(7.9) 3.0(74)

sd — standard deviation.
*There are no significant differences between groups.

ings between the two groups on BRIEF, pre- and three
months post-intervention, did not reveal any statisti-
cally significant differences, perhaps due to the sam-
ple size. Nevertheless, the experimental group had a
trend of better results in the Global Executive Compos-
ite and on the 2 Broader Index, Behavioral Regulation
Index and Metacognition Index. Parents of the exper-
imental group also reported better improvement in the
Shift, Emotional Control, Initiate, Working Memory,
and Plan/Organize domains.

4.1. Metacognitive Dimension program

Cooperative learning, used in MCD, is based on peer
interactions aimed at collaborative learning in social
settings [20,21,25,26]. Student mediation, even if for
a relatively short period of time, allowed the preado-
lescents with ABI to develop metacognitive strategies.
They learned to think about their own thought process-
es and behavior, which facilitated self-regulation and
self-control, and improved social relationships. An in-
tervention that helps empower children with ABI dur-
ing preadolescence contributes significantly in prepar-
ing them for the future. This is particularly important
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because some of the effects of the lesion manifest only
in the adolescent years, mimicking a “latent injury”.
Insults to the frontal lobe during childhood or pread-
olescence may be relatively non-obvious because the
frontal lobe is still developmentally silent, and the im-
pact often appears several years later, especially with
regards to behavior [15]. The neuropathology mixes
with growing complex social and academic demands,
increasing the behavioral difficulties faced by these in-
dividuals.

As noted by Ylvisaker and Feeney [27,28], better
metacognition in a child with ABI fosters improvement
in other cognitive functions as well as self-regulation.
Self-concept (measured by SCSC) is a fundamental
aspect of preadolescent development; it helps improve
learning [14,18]. There appears to be a correlation
between metacognition and self-concept.

We are currently working on another study that is
being developed with the experimental (MCD) and
control groups, in which we analyze the qualitative
data of the Metacognitive Dimension program. For
that study, interviews with these preadolescents were
conducted using open-ended questions 3 months post-
intervention, and the results are currently undergo-
ing analysis. It seemed relevant, however, to include
some of the responses to help qualitatively illustrate
the gains and empowerment that the preadolescents ob-
tained from their experience in the MCD group: a)
Self-concept/self-esteem: “I said to myself that I could
be a better person and I did it. I started getting bet-
ter grades. I started to like myself more in MCD”; b)
Metacognition/Self-control: “I used to hug everybody
in school; I really liked hugging the girls. But I started
seeing that was wrong, that I should ask first if I can
give someone a hug”; ¢) Plan/organize: “1 got a small
pad and began writing what I had to do, and putting the
reminders where I could see them, where I go often,
my bedroom”; d) Social skills: “I realized that all I had
to do was ask, like if I want to play I just have to ask
a friend if he wants to, and we can do it together. It’s
simple.”

4.2. Methodological limitations

This study has several limitations. We began this in-
vestigation to analyze the effectiveness of the Metacog-
nitive Dimension, as there were no data in the literature
to guide more precise calculations about sample size
or the best scales for evaluating the changes in pread-
olescents with ABI in this type of intervention. It was
designed as a pilot study; as such, the randomization

was simple, the time of intervention was short, and few
pre and post-intervention measures were employed.

The SCSC and ESESLS scales were not used prior
to the intervention. However, the probability that the
groups differed in the aspects measured by those scales
is very low, since both the experimental and the con-
trol groups were shown to be homogenous in all other
aspects studied. The results were so promising that
we decided to share, even if preliminarily, the initial
findings with the scientific community. Furthermore,
the preliminary results have allowed us to improve the
randomized clinical trial, by pointing to the need for
a larger sample and more tools for measuring results;
these will be included in the next steps of assessing the
preadolescents in this clinical trial.

Nevertheless, despite its limitations, the initial find-
ings of this study show that an intervention using me-
diated activity, such as the Metacognitive Dimension
program, fosters the improvement of metacognition,
self-concept, and self-regulation: the preadolescents
become more empowered in their social relationships
and interactions with peers. This empowerment helps
them make sense of themselves and their world, which
is very important to their future [1].

4.3. Impact and perspectives

In most rehabilitation programs, preadolescents with
ABI are seen by qualified rehabilitation professionals
who focus on specific disorders (e.g., behavior, learn-
ing, communication, etc.) that are observable through-
out the course of development. The MCD approach
offers the possibility of improving aspects, such as self-
esteem and metacognition, which generalize to other
situations, such as daily life and social relationships. In
addition to the results obtained with the preadolescents
with chronic ABI, we also observed, with the MCD
program, that the integration of the college students was
very productive. The students optimized the rehabili-
tation team’s work, increasing the number of patients
that could be treated by a smaller team of profession-
als while, at the same time, giving the young students,
tomorrow’s practitioners, an opportunity to experience
theories in practice under supervision and, consequent-
ly, improving their learning process. The participation
of students obviously reduces the costs of the interven-
tion, but most importantly, they are capable of doing
more than the multidisciplinary team if they are well
supervised, because they have the vocabulary and inter-
ests that allow them to become more experienced peers
in this type of approach.
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The preliminary results of this study suggest the
hypothesis that an intervention capable of stimulat-
ing metacognition and self-regulation during preado-
lescence can help prevent future problems in social be-
havior in later adolescence and young adulthood. In the
concept of “latent injury” in ABI [15], these preadoles-
cents require longitudinal follow-up. We will expand
the sample and continue the randomized controlled tri-
al to verify the consistency of these initial data. If con-
firmed, this methodology can be implemented at other
institutions that treat preadolescents with ABI.
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