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ABSTRACT ARTICLE HISTORY

This study aimed to investigate the factor structure and the mea- Received 15 May 2022
surement invariance across gender of the BRIEF2 Parent Form in Accepted 19 July 2022
Portuguese typically developing children. Participants were 700 KEYWORDS

typically developing children (n =352 girls and n = 348 boys) aged BRIEF2: executive functions:
6-16 years. Confirmatory factor analysis was used to test five com- confirmatory factor analysis;
peting factor models. Consistent with the BRIEF2 original dimen- measurement invariance
sional structure, the three-factor model demonstrated the most

adequate fit to the data. The measurement invariance of the three-

factor model across gender was supported (configural, metric, and

partial scalar invariance). Overall, the BRIEF2 Parent Form showed

adequate psychometric properties, suggesting that it is a useful

instrument to assess everyday executive functioning based on

reports of behaviors observed by parents in healthy Portuguese

children.

Introduction

Executive functions (EF) are a complex, multidimensional construct that encompasses
cognitive processes required for conscious, top-down control of behaviors, thoughts, and
emotions. It refers to metacognitive capacities that allow an individual to perceive
stimuli, respond adaptively, establish goals, flexibly change actions, monitor results and
respond in an integrated way (Baron, 2018).

Despite its wide acceptance, there is no consensus about the executive components
involved (e.g., single construct or multiple interrelated functions; the number of
processes and factors/domains). That is, EF is an umbrella term comprising a wide
range of higher-order cognitive processes, such as flexibility/shifting, inhibition, plan-
ning, problem-solving, working memory, updating, and initiation, among others (Chan
et al., 2008; Friedman & Miyake, 2017; Jurado & Rosselli, 2007; Wasserman &
Wasserman, 2013). There is also considerable behavioral and neural evidence that EF
varies along a continuum from “hot” (used in emotional and motivational contexts) to
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“cool” EF (used in relatively neutral emotionally and motivational contexts), as well as
a dynamic interaction between more bottom-up (e.g., limbic) and more top-down
(cortical) influences on information processing and behavior (Zelazo & Carlson,
2012; Zelazo, 2020).

Their importance is evident in the fact that they are central to school readiness, early
school achievement, and academic performance throughout childhood and adolescence
(Blair & Raver, 2015; Munoz & Filippetti, 2021). They may also protect against the
academic risks associated with poverty (Masten et al., 2012), contribute to social compe-
tence and social skills (Riggs et al., 2004), and some EF are relevant cognitive phenotypes
for a variety of neurodevelopmental disorders (Bednarz et al., 2020; Moura et al., 2014;
Robinson et al., 2009; Willcutt et al., 2005).

Therefore, it is essential to assess EF, with the most frequently applied rating scale for
that purpose being the Behavior Rating Inventory of Executive Function (BRIEF), either
in its original edition (Gioia et al., 2000) or in its second and revised edition (BRIEF2;
Gioia et al.,, 2015). Indeed, the BRIEF and the BRIEF2 are widely used in clinical,
educational, and research settings, and their popularity may be attributed to a variety
of reasons, among others, with their prominent features being: (i) the ability to discri-
minate a large range of disorders from normal functioning across age groups (Gioia et al.,
2000, 2015; Granader et al., 2014); (ii) the ability to identify distinct EF deficits in specific
disorders (e.g., attention-deficit/hyperactivity disorder (ADHD) and oppositional defiant
disorder; (Halvorsen et al., 2019); (iii) the ability to assess several EF in an ecologically
valid way, i.e., as they manifest themselves in daily life; (iv) sensitivity with respect to
treatment interventions (Gioia et al., 2015); (v) responses coming from different infor-
mation sources, thus allowing for a more global assessment of EF; (vi) ease and speed of
administration.

BRIEF and BRIEF2 factorial structure

The BRIEF was published in 2000 (Gioia et al., 2000) and it was the first published rating
scale to measure everyday behaviors associated with EF in children and adolescents aged
5-18 years. It was designed to be completed by parents and teachers, although a few years
later an adolescents’ self-report version was also developed (Guy et al., 2004).

The BRIEF comprised 86 items distributed across eight scales: Inhibit, Shift,
Emotional Control, Initiate, Working Memory, Plan/Organize, Organization of
Materials, and Monitor. An exploratory factor analysis of these eight scale scores revealed
a two-factor solution both in the BRIEF standardization sample and in a mixed clinical
sample (Gioia et al., 2000). One of the factors was designated Behavioral Regulation
Index (BRI) and incorporated the Inhibit, Shift, and Emotional Control scales, while the
other factor was designated the Metacognition Index (MI) and comprised the remaining
five scales. Two years later, Gioia et al. (2002) performed a confirmatory factor analysis
(CFA) of the Parent Form of the BRIEF in a mixed clinical sample of children. They
tested a revised nine-scale BRIEF configuration that separated the Monitor scale into
a Self-Monitor and a Task Monitor scale. A three-factor solution best fitted the data when
compared with one-, two- or four-factor models: the BRI now consisted of the Inhibit
and Self-Monitor scales, and a new Emotion Regulation Index (ERI) included the Shift
and Emotional Control scales, whereas the MI did not undergo any alterations.
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Since the Gioia et al. (2002) study, several analyses of the factor structure of the BRIEF
Parent Form have been conducted with different samples and using either the original
eight-scale composition, the nine-scale composition, or both. A two-factor model (BRI
and MI) of the eight scales showed an adequate fit to the data in clinical samples of
children with epilepsy (Slick et al., 2006), traumatic brain injury (Donders et al., 2010)
and ADHD (Usher et al,, 2016), as well as in the Dutch standardization sample of the
BRIEF (Huizinga & Smidts, 2011). Using data gathered from parents of children with
heterogeneous developmental disorders, Halvorsen et al. (2019) found that a three-factor
model (BRI, ERI, and MI) of the nine BRIEF scales had adequate fit indices, although the
root mean square error of approximation (RMSEA) value was marginally acceptable.

Studies of CFAs of both the eight and nine scales of the BRIEF Parent Form were also
carried out in a clinical sample (Granader et al., 2014), in a mixed sample of healthy and
clinically referred children (Egeland & Fallmyr, 2010), and in samples of typically
developing children (TDC; Fournet et al., 2015; Granader et al., 2014). Granader et al.
(2014) assessed three-, eight- and nine-factor models of the BRIEF and found that the
nine-factor model met thresholds for goodness-of-fit in the sample of TDC, while in the
clinical sample of children with autism spectrum disorder, none of the models met
goodness-of-fit criteria. In a mixed sample, Egeland and Fallmyr (2010) observed the
superiority of the three-factor model based on the nine scales, although some of the fit
indices (adjusted goodness of fit index and RMSEA) were below satisfactory levels. In the
French standardization sample, a three-factor model and a two-factor model, based on
a nine-scale structure, showed a good fit (Fournet et al., 2015).

In 2015, the BRIEF was revised, and this second edition has become commonly
referred to as the BRIEF2. The number of items was reduced to 63, and the nine-scale
configuration was implemented. A CFA in the standardization sample and in a combined
clinical sample supported the three-factor model of BRI, ERI, and Cognitive Regulation
Index (CRI; renamed from the MI) (Gioia et al., 2015). From 2015 to the present, few
independent factor analysis studies of the BRIEF2 Parent Form have been carried out;
most studies (five) used clinical or at-risk samples and just two studies were performed in
samples of TDC. CFAs were conducted on children living in conditions of risk and social
vulnerability in the Dominican Republic (Jiménez & Lucas-Molina, 2019), in samples of
Chinese (Shum et al., 2021) or Iranian (Parhoon et al., 2021) children with ADHD, and in
samples of heterogeneous clinically referred American children (Jacobson et al., 2020;
Lace et al., 2021). Most of these studies found support for a three-factor model with nine
scales, although the RMSEA value was slightly above the cutoft in the Jiménez and Lucas-
Molina study (Jiménez & Lucas-Molina, 2019). In contrast, Lace et al. (2021) found that
three-factor models provided a poor fit and that a two-factor structure provided the best
fit. It is also worth mentioning that an exploratory factor analysis suggested that the
BRIEF2 might have five to six scales rather than nine (Jacobson et al., 2020). The CFAs of
the BRIEF2 Parent Form were also carried out in samples of Spanish (Gioia et al., 2017)
and Chilean TDC (Mufoz & Filippetti, 2021). Both studies indicated that the three-factor
model best fit the data, although RMSEA values were higher than the recommended
ones.

In conclusion, the evidence concerning the factor structure of the BRIEF and BRIEF2
is not entirely consistent. In addition, most of the studies with the BRIEF2 were carried
out in clinical samples, and only a few concerned TDC (Gioia et al., 2015, 2017; Mufioz &
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Filippetti, 2021). Furthermore, to our knowledge, only one study has examined the
measurement invariance of the BRIEF2 across gender (Jiménez & Lucas-Molina, 2019)
in a sample of socially vulnerable children. It is surprising because measurement invar-
iance should be tested before performing group differences (e.g., gender, age, clinical
samples) in order to analyze if the factor structure operates equivalently across different
populations (Sideridis et al., 2015; Wicherts, 2016). Indeed, some studies have found
significant differences between boys and girls (in favor of girls; e.g., Fournet et al., 2015;
Jiménez & Lucas-Molina, 2019), and standardized data have been carried out separately
for boys and girls (Gioia et al., 2000, 2015).

The present study

Even though Portuguese is the sixth most spoken language in the world with more than
200 million native speakers (Lewis et al., 2015), this is the first study that explores the
factor structure and the measurement invariance of BRIEF2 Parent Form in European
Portuguese-speaking children. Thus, this study aimed to investigate: (i) the factor
structure of the BRIEF2 Parent Form (Portuguese version) in a sample of TDC since
clinical samples have been predominant; and (ii) whether the BRIEF2 factor structure
would operate equivalently across gender. Based on the existing literature, we hypothe-
sized that the original three-correlated-factor model would be the most interpretable and
parsimonious factor solution in a sample of Portuguese TDC aged 6 to 16 years old
(Fournet et al.,, 2015; Gioia et al., 2015, 2017; Mufioz & Filippetti, 2021), and the factor
structure would be equivalent across gender (Jiménez & Lucas-Molina, 2019).

Method
Participants

The participants were 700 Portuguese children and adolescents (n = 352 girls and n = 348
boys) from 6 to 16 years old (M = 10.50, SD = 3.06; 6y n =60, 7y n =87, 8y n =80, 9y n =
64, 10y n =88, 11y n=69, 12y n =59, 13y n =41, 14y n =42, 15y n =62, and 16y n = 48),
attending school from the first to eleventh grade. Boys and girls were matched for age
(boys: M =10.51 + 3.01; girls: M = 10.49 + 3.12; #(698) = 0.111, p = .912) and school grade
(boys: M =5.20 +2.96; girls: M =5.24+3.07; #(698) =>—-0.177, p =.860). Participants
were recruited from six public schools in urban (82%) and rural (18%) areas, close to
the Portuguese distribution (Pordata, 2018). Most of the participants were from families
of middle socioeconomic status (51%), with the rest being from lower (27.8%) or higher
levels (21.2%). As for the educational level of the mothers of the children and adolescents
being studied, the majority had a university degree (25.8% elementary, 30.4% secondary,
and 43.8% university), whereas most of the fathers had only an elementary level of
education (38.3% elementary, 30.4% secondary, and 31.3% university). Parents were
invited to complete the BRIEF2, and most of the questionnaires were completed by the
mother (81.6% from the mother, 15% from the father, and 3.4% from both parents).
Based on the parents’ and teachers’ data, children were excluded from the study if they
had a diagnosis of neurodevelopmental disorders (e.g., ADHD, specific learning disorder,
autism spectrum disorder), neurological disorders (e.g., epilepsy, traumatic brain injury),
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psychopathology (e.g., depressive disorders, anxiety disorders), disruptive, impulse-
control, and conduct disorders (e.g., oppositional defiant disorder, conduct disorder),
and special educational needs.

Measure

As previously mentioned, the BRIEF2 Parent Form (Gioia et al., 2015) consists of 63
items that are organized into three composite indexes and nine scales: (1) BRI: Inhibit,
and Self-Monitor scales; (2) ERI: Shift, and Emotional Control scales; and (3) CRI:
Initiate, Working Memory, Plan/Organize, Task-Monitor, and Organization of
Materials scales. The BRIEF2 also has a unitary Global Executive Composite (GEC)
that comprises the nine scales. In addition, it has three embedded validity scales
(Inconsistency, Negativity, and Infrequency) assessing inconsistent, negative, and atypi-
cal response biases. Parents indicated how often their child has displayed a specific
behavior in the last 6 months on a 3-point Likert scale (never, sometimes, and often),
with higher scores indicating poorer EF.

Procedures

After approval by the Directorate-General for Education of the Portuguese Ministry of
Education, the Ethics Commission of the Faculty of Psychology and Educational Sciences
of the University of Coimbra (CEDI/FPCEUC: 5July 3 2021-07-2021), and each of the
participants’ school boards, parents were invited to enroll in the study. In each of the six
schools, classrooms were randomly selected. All the parents of the selected classrooms
were contacted by letter and invited to participate in the study (60% to 70% of the parents
agreed to participate). Voluntary participation was requested from all parents, and the
objectives of the study were fully explained. Written informed consent was obtained from
the parents before the inclusion of participants in the study. Parents and teachers further
provided information about the child’s medical and educational history. No incentives
(fees or extra credit) were offered in exchange for participation.

In accordance with the BRIEF2 Manual (Gioia et al.,, 2015), 35 participants were
dropped out due to missing values (i.e., the total number of unanswered items was
greater than 12, if two or more items of the same scale have a missing response, or if the
scores of the validity scales [Inconsistency, Negativity, and Infrequency] were considered
highly elevated [percentile >99]). Twenty-four children were eliminated based on the
exclusion criteria (the presence of a neurodevelopmental or neurological disorder,
psychopathology, disruptive behavior, and special educational needs).

Statistical analyses

Raw scores were used in all the statistical analyses. Descriptive statistics, correlation,
reliability, and inferential analyses were conducted using IBM SPSS Statistics version 25.

To test the factor structure of the BRIEF2 Parents Form, a CFA was performed using
IBM SPSS Amos 25 through the covariance matrix using maximum likelihood estima-
tion. Hu and Bentler (1999) recommend a comparative fit index (CFI) of >.95,
a standardized root mean square residual (SRMR) of <.08, and a RMSEA of <.06 to
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determine a good model fit. For the RMSEA, other cutoff values are also suggested: <.05
good fit, .05-.08 acceptable fit, .08-.10 mediocre fit, and >.10 poor fit (Byrne, 2010;
MacCallum et al., 1996). The Akaike Information Criterion (AIC) was used to compare
models, with smaller values representing a better fit. These traditional cutoff values
should not be used as rules of thumb, and more stringent cutoft values are recommended
for simple models and less stringent cutoff values are recommended for more complex
models (Cheung & Rensvold, 2002; Marsh et al., 2004).

Measurement invariance was tested through the analysis of mean and covariance
structures that encompassed a series of hierarchically ordered steps that began with the
establishment of a baseline model for each group separately, followed by tests for
increasingly more stringent levels of constrained equivalence across both groups: (i)
configural invariance, no equality constraints were imposed on the parameters across the
two groups; (ii) metric invariance (“weak factorial invariance”), factor loadings were
constrained to be equal across groups; and (iii) scalar invariance (“strong factorial
invariance”), factor loadings and intercepts were constrained to be equal across groups.
It is commonly accepted that evidence for invariance is obtained if the multi-group
model exhibits an adequate fit to the data, the x* difference value (Ax?) is not statistically
significant (p >.05), and the CFI difference value (ACFI) is < —.010 (Byrne, 2010; Chen,
2007; Cheung & Rensvold, 2002).

Results
Descriptive statistics, correlation coefficients, and internal consistency

Skewness and kurtosis values were examined to determine the normality of the data
distribution. As shown in Table 1, all of the scales showed skewness and kurtosis values
<1, which suggested adequate distribution for maximum likelihood estimation (Byrne,
2010; Curran et al., 1996).

Table 1. Descriptive statistics and unidimensionality (CFA goodness-of-fit statistics).

Descriptive statistics Unidimensionality (CFA)

M (SD) Skewness Kurtosis CFI SRMR RMSEA (90% Cl)
Inhibit 11.89 (3.83) 0.836 0.547 974 027 .056 (.040-.073)
Self-Monitor 6.13 (1.83) 0.698 0.073 992 .021 .054 (.028-.080)
Shift 11.69 (2.68) 0.798 0.556 .968 .035 .045 (.028-.062)
Emotional Control 11.62 (3.16) 0.878 0.505 978 .027 .053 (.037-.069)
Initiate 7.54 (2.06) 0.599 —-0.193 993 .019 .042 (.000-.080)
Working Memory 12.11 (3.37) 0.805 0.125 .980 .030 .056 (.039-.073)
Plan/Organize 12.88 (3.23) 0.483 -0.162 .985 .026 .042 (.024-.060)
Task Monitor 8.40 (2.20) 0.469 —0.208 995 .015 .045 (.000-.088)
Org. Materials 8.58 (2.24) 0.971 0.968 .969 .048 .081 (.058-.107)
BRI 18.01 (4.48) 0.828 0.662
ERI 23.31 (5.17) 0.777 0.409
CRI 49.53 (11.11) 0.626 -0.027
GEC 90.73 (18.06) 0.597 0.033

BRI = Behavior Regulation Index. ERI = Emotion Regulation Index. CRI = Cognitive Regulation Index. GEC = Global
Executive Composite. CFl = Comparative Fit Index. SRMR = Standardized Root Mean Square Residual. RMSEA (90% Cl) =
Root Mean Square Error of Approximation (90% confidence interval).
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Table 2. Pearson correlation coefficients and internal consistency.
Correlation coefficients

2 3 4 5 6 7 8 9 BRI  ERI  CRI  GEC a

1. Inhibit 641 431 645 418 521 491 523 483 950 611 575 756 .833
2. Self-Monitor 456 541 479 506 512 463 424 849 526 568 719 771
3. Shift 555 573 499 558 376 346 484 863 557 704 728
4. Emotional Control 388 412 476 370 383 667 .899 483 712 .837
5. Initiate 733 740 588 508 485 536 .839 .781 .749
6. Working Memory 763 665 .626 566 506 916 .840 .851
7. Plan/Organize 638 565 551 579 896 .847 .807
8. Task Monitor 520 550 417 794 739 768
9. Org. Materials 505 409 749 696 740
BRI 653 629 814 874
ERI 584 803 .855
CRI 932 937
GEC 953

All correlation significant at p < .001. BRI = Behavior Regulation Index. ERI = Emotion Regulation Index. CRI = Cognitive
Regulation Index. GEC = Global Executive Composite. The gray background color highlights the correlation coefficient
between the scales of the same domain/index and between the scale and their domain/index.

Pearson correlations between the nine scales and the three composite indexes were
computed. According to Cohen’s guidelines (Cohen, 1988; small r=.1 , medium r=.3,
and large r=.5), medium to large correlation coeflicients were observed between the
scales. The nine scales showed large correlation coeflicients with their composite index
and GEC. Strong correlations between the three composite indexes (r>.584) and the
GEC (r=.855) were also observed. The scales, composite indexes, and GEC showed
acceptable internal consistency with Cronbach’s a ranging from .728 to .953 (see
Table 2).

Confirmatory factor analysis

To perform a CFA at the scale level (i.e., scales were treated as continuous indicators), we
first analyzed the unidimensionality of the nine BRIEF2 Parent Form scales. As shown in
Table 1, the goodness-of-fit indices were adequate, suggesting that the scales were
unidimensional.

We tested five factor structures that are commonly used in factor analysis studies with
BRIEF and BRIEF2 in different languages (e.g., Egeland & Fallmyr, 2010; Fournet et al.,
2015; Gioia et al., 2002, 2015; Jiménez & Lucas-Molina, 2019; Lace et al., 2021; Mufioz &
Filippetti, 2021; Parhoon et al., 2021; Pérez-Salas et al., 2016): (i) a one-factor model (a
general executive factor in line with the view of EF as a unitary construct) with the nine
scales; (ii) a two-correlated-factor model with the Inhibit, Self-Monitor, Shift, and
Emotional Control scales in one factor (behavior/emotion factor) and the other five
scales from the CRI in a second factor; (iii) the original three-correlated-factor model;
(iv) a hierarchical three-factor model with the GEC (second-order factor), the three
indexes (first-order factor), and the nine scales; and (v) a bifactor model where each scale
loads onto its respective first-order factor (index) and simultaneously onto a general
factor (see Figure 1).
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Figure 1. BRIEF2 Parent Form — CFA standardized solution. BRI = Behavior Regulation Index. ERI =
Emotion Regulation Index. CRI = Cognitive Regulation Index. GEC = Global Executive Composite. BE =

Behavior/Emotion Factor. GF = General Factor. In model 5 (bifactor model), the error variances are not
shown to reduce clutter.
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BRI = Behavior Regulation Index. ERI = Emotion Regulation Index. CRI = Cognitive
Regulation Index. GEC = Global Executive Composite. BE = Behavior/Emotion Factor.
GF = General Factor. In model 5 (bifactor model), the error variances are not shown to
reduce clutter.

A preliminary analysis of the modification indices for each of the factor models
(except for the bifactor model) suggested the addition of three error covariances
(between Inhibit — Emotional Control, Inhibit - Task Monitor, and Shift - Initiate).
All the models have acceptable goodness-of-fit indices without error covariances (except
the one-factor model), but the addition of these three error covariances led to an increase
in models’ fit. For example, the three-factor models (correlated and hierarchical) without
the error covariances yielded a CFI =941, SRMR =.047, RMSEA (90% IC)=.113
(.100-.127), and AIC = 268.735. The three-factor models (correlated and hierarchical)
showed a better model fit than the other three competing models (see Figure 1). The
correlated and hierarchical three-factor models revealed equal goodness-of-fit indices.
The original three-correlated-factor model revealed adequate factor loadings and the
three factors were highly correlated. The analysis of the average variance extracted
showed evidence of convergent validity (AVE > .50) for all of the three factors (AVE
=.62, .58, and .63, respectively).

Measurement invariance across gender

Given that the original three-correlated-factor model showed the best fit, we additionally
performed a multiple-group analysis to evaluate whether the factor structure of the
BRIEF2 Parent Form would be equivalent across gender.

Two CFAs were initially conducted for boys (CFI =.967, SRMR =.035, RMSEA =.091)
and girls (CFI =.982, SRMR =.030, RMSEA =.065), yielding adequate models fit. After
establishing the baseline model for each group, we tested for configural invariance. The
configural model had adequate fit, which suggested that both the number and pattern of
factors were equivalent across groups (see Table 3). Metric invariance was tested and the
sz (6) =3.098, p=.796 and ACFI =.000 values indicated that the constraint of factor
loadings did not result in a significantly worse model fit compared with configural
invariance, which supported metric invariance. Subsequently, scalar invariance was
examined and the difference in the model fit between scalar invariance and the configural
model was significant: Ax* (15) = 61.435, p<.001 and ACFI=-.014, indicating that
scalar invariance was not achieved. A subsequent analysis was performed to determine

Table 3. Measurement invariance analysis.

CFI SRMR RMSEA (90% Cl) X2 df Adf Ay ACFI
Configural 975 035 056 (.045-.067) 129.151 42
Metric 975 036 051 (.041-.062) 132.249 48 6 3.098, .000
p=.7%
Scalar 961 037 .059 (.050-.069) 190.585 57 15 61.435, 014
p < .001
Scalar (partial) 972 .035 .051 (.042-.061) 148.595 54 12 19.445, .003
p=.078

CFl = Comparative Fit Index. SRMR = Standardized Root Mean Square Residual. RMSEA (90% Cl) = Root Mean Square Error
of Approximation (90% confidence interval). )(2 = chi-square. df = degrees of freedom. AXZ, Adf, and ACFl were the
difference between each alternative and the configural model.
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Table 4. Means and standard deviations for boys and girls.

Boys Girls
M (SD) M (SD) t-test p d

Scales

Inhibit 12.17 (3.22) 11.61 (2.91) 2378 018 0.18
Self-Monitor 6.32 (1.96) 5.94 (1.66) 2.791 .005 0.21
Shift 11.74 (2.78) 11.64 (2.58) 0.495 621 0.03
Emotional Control 11.64 (3.26) 11.60 (3.03) 0.174 .862 0.01
Initiate 7.76 (2.15) 7.32(1.95) 2.806 .005 0.21
Working Memory 12.28 (3.47) 11.93 (3.26) 1.388 .166 0.10
Plan/Organize 13.18 (3.29) 12.58 (3.15) 2.445 015 0.18
Task Monitor 8.90 (2.25) 7.90 (2.04) 6.132 <.001 0.46
Org. Materials 8.59 (2.35) 8.56 (2.12) 0.171 864 0.01
Indexes

BRI 18.47 (4.74) 17.55 (4.16) 2.702 .007 0.20
ERI 23.38 (5.39) 23.25 (4.95) 0.330 741 0.02
CRI 50.78 (11.40) 48.28 (10.68) 2,949 .003 0.22
GEC 92.57 (18.71) 88.88 (17.22) 2.640 .008 0.20

Effect sizes: Cohen'’s d. BRI = Behavior Regulation Index. ERl = Emotion Regulation Index. CRI = Cognitive Regulation
Index. GEC = Global Executive Composite.

which intercepts were non-invariant and it revealed three intercept parameters that were
not operating equivalently across groups (Initiate, Plan/Organize, and Task Monitor
scales). Invoking the partial-measurement invariance strategy (Byrne & van de Vijver,
2010; Vandenberg & Lance, 2000), the three non-invariant intercepts were allowed to be
freely estimated in each group and the partial scalar invariance was achieved: Ay (12) =
19.445, p = .078 and ACFI = -.003.

Gender differences

After confirming the measurement invariance (partial scalar invariance) across gender,
we examined the differences between boys and girls on the scales and indexes scores of
the BRIEF2 Parent Form (see Table 4). Independent samples ¢-test revealed significant
group differences (boys > girls) in five scales (Inhibit, Self-Monitor, Initiate, Plan/
Organize, and Task Monitor), two indexes (BRI and CRI), and GEC.

Discussion

The BRIEF2 is a rating scale that evaluates everyday behaviors associated with EF in
children and adolescents (aged 5-18 years) in home and educational environments. The
purpose of this study was to investigate the factor structure and the measurement
invariance across gender of the BRIEF2 Parent Form in Portuguese TDC.

Although the BRIEF and BRIEF2 have been the most popular instruments for
measuring everyday EF in clinical, psychoeducational, and research settings, factor
analysis studies have found different factor structures (e.g., Jiménez & Lucas-Molina,
2019; Lace et al., 2021; Pérez-Salas et al., 2016; Usher et al., 2016). Thus, the first main
objective of the present study was to examine the dimensional structure of BRIEF2 in
healthy Portuguese children. The original factor structure with three factors and nine
scales was confirmed in standardization studies (Gioia et al., 2015, 2017), clinical samples
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(Jiménez & Lucas-Molina, 2019; Parhoon et al.,, 2021; Shum et al., 2021), and TDC
(Muiioz & Filippetti, 2021). For example, Jiménez and Lucas-Molina (2019) found that
the three-factor model with nine scales showed better fit than the two- and one-factor
models with eight or nine scales in at-risk children from the Dominican Republic. Mufioz
and Filippetti (2021) also observed, in a sample of Chilean TDC, that the three-factor
model best fit the data in comparison with two- and one-factor models.

In contrast, Lace et al. (2021) found that a bifactor two-factor structure provided the
best fit in a clinical sample of children from the United States, whereas Cumming et al.
(2021) found little evidence for the original three-correlated-factor model in children at
risk for developing emotional and behavioral disorders. Interestingly, Jacobson et al.
(2020) through exploratory factor analysis and CFA in clinically referred children found
that the BRIEF2 is better operationalized with six (or fewer) scales rather than the
original nine scales.

A preliminary analysis of the modification indices suggested the addition of three
error covariances (Inhibit - Emotional Control, Inhibit - Task Monitor, and Shift -
Initiate), and these data make empirical and statistical sense because these scales may
share some underlying executive processes and are strongly correlated. We found large
correlation coefficients between Inhibit and Emotional Control (r =.645), Inhibit and
Task Monitor (r =.523), Shift and Initiate (r = .573). Interestingly, Gioia et al. (2015) also
added three error covariances (Inhibit - Emotional Control, Inhibit - Working Memory,
and Inhibit - Organization of Materials) in the factor structure of the standardization
sample of BRIEF2 Parent and Teacher Forms.

We examined five competing factor models through CFA and the three-factor models
(correlated and hierarchical) were the most interpretable and parsimonious factor solu-
tions. In addition, we also found evidence of convergent validity based on the AVE values
(>.58), and the correlations coefficients between the latent factors and between the scales
of the same factor were adequate. Thus, our findings gave support for the original
dimensional structure of the BRIEF2 in a sample of TDC.

Although the goodness-of-fit indices demonstrated an adequate fit, we found a slight
elevation of the RMSEA value (.078), which is expected given the results presented in
several studies with BRIEF and BRIEF2 (e.g., .070 to .130 in Gioia et al.,, 2015: p. 082 in
Jiménez & Lucas-Molina, 2019: p. 110 in Lace et al., 2021: p. 100 in Parhoon et al., 2021:
p. 143 in Pérez-Salas et al., 2016). A possible explanation for the large RMSEA values may
be the presence of strong correlations between the scales from different factors (Jiménez
& Lucas-Molina, 2019; Sun et al., 2018).

We also found acceptable internal consistency values (range .73 to .85 for the nine
scales, and .86 to .95 for the three indexes and GEC), which are close to those obtained in
the standardization studies of the BRIEF2 Parent Form in the United States (range .80 to
.91 for the nine scales, and .90 to .97 for the three indexes and GEC; Gioia et al., 2015) and
Spain (range: from .66 to .87 for the scales, and.from .86 to .95 for the three indexes and
GEC; Gioia et al., 2017).

The second main objective of the present study was to examine whether the original
three-correlated-factor model would be equivalent across gender. The results from the
multiple-group analysis supported configural invariance, which suggests that the number
and pattern of factors were equivalent across boys and girls. The full metric invariance
was also established, which indicates that the strength of the relation between the
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observed variable (scales) and their latent factors was equivalent across groups. The scalar
invariance was then assessed to evaluate whether children who have the same score on
a latent factor would obtain the same score on the observed variable regardless of their
group membership. Three scales (Initiate, Plan/Organize, and Task Monitor scales) were
not operating equivalently across groups, suggesting that boys may obtain a significantly
different score on these three scales relative to girls with an equal score on their associated
index. The findings from the multiple-group analysis demonstrated the partial measure-
ment equivalence of the BRIEF2 Parent Form.

As referred by some authors (e.g., Moura et al., 2018; Sideridis et al., 2015; Wicherts,
2016), it is important to include measurement invariance during the validation process of
cognitive measures because most of the psychological research and clinical practice
involves between-groups comparisons. Indeed, measurement invariance must be demon-
strated, at least at the factor loading level (i.e., metric invariance) before interpreting
mean differences between groups. Surprisingly, no studies were conducted to examine
measurement invariance of the BRIEF2 Parent Form across gender in TDC, even though
gender differences have been found in at-risk children (Cumming et al., 2021; Jiménez &
Lucas-Molina, 2019) and the standardization of the BRIEF and BRIEF2 includes norms
for boys and girls separately (Gioia et al., 2000, 2015). To our knowledge, only one study
performed a measurement invariance across gender in a socially vulnerable sample of
primary school-aged children from the Dominican Republic (Jiménez & Lucas-Molina,
2019). This study also found support for the measurement invariance of the three-factor
model of the BRIEF2 Parent Form.

Subsequently, we examined gender differences with boys showing greater EF difficul-
ties than girls on five scales (Inhibit, Self-Monitor, Initiate, Plan/Organize, and Task
Monitor), two indexes (BRI and CRI), and GEC. Taken together, the results from the
measurement invariance and the inferential analyses highlighted the need to develop
gender-specific norms for boys and girls in the Portuguese version of the BRIEF2 Parent
Form. These findings were partly consistent with those obtained by Jiménez and Lucas-
Molina (2019) that found statistically significant gender differences (boys > girls) in Shift,
Initiate, Task-Monitor, and Organization of Materials scales. The BRIEF and BRIEF2
standardization studies (Gioia et al., 2000, 2015) and studies with clinical samples
(Cumming et al., 2021) also revealed significant gender differences (boys > girls).
Similar results are found in other studies carried out with the BRIEF. For example,
Fournet et al. (2015) observed that boys had greater EF difficulties in all scales, except for
Organization of Materials and Monitor. Huizinga and Smidts (2011) found that boys
revealed lower executive skills than girls on the Shift scale and all the scales of the MI
(except the Organization of Materials), as well in MI and GEC. Thus, the literature has
consistently found that boys revealed greater EF difficulties than girls in the BRIEF and
BRIEF2 scales.

Notwithstanding the relevance of the present study, it had some limitations that
should be addressed in future studies. First, factor analytic studies have found that age
is another relevant variable in the BRIEF and BRIEF2 (Fournet et al., 2015). Subsequent
studies on the Portuguese population should analyze the effect of age on the factor
structure and their interaction with gender. Second, future research should examine
the concurrent validity of the BRIEF2 with other EF rating scales (e.g., Childhood
Executive Functioning Inventory and Barkley Deficits in Executive Functioning Scale —
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Children and Adolescents) and with performance-based measures of EF (e.g., Stroop
Color and Word Test, Trail Making Test, and Tower of London). Third, the measure-
ment equivalence between the Parent Form and the Teacher Form needs to be investi-
gated. Lastly, it would be particularly interesting to explore the equivalence of the BRIEF2
factor structure between TDC and children with neurodevelopmental, neurological, or
behavioral disorders (e.g., ADHD, specific learning disorder, autism spectrum disorder,
epilepsy, traumatic brain injury, oppositional defiant disorder).

In conclusion, this study provides evidence regarding the adequate psychometric
properties of the BRIEF2, suggesting that the parent version is useful for assessing
executive functioning based on reports of behaviors observed by parents in Portuguese
children. Specifically, these findings support the original three-correlated-factor model
and demonstrated the measurement equivalence across gender.
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