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Abstract

Article Info

The present study aims to adapt the parent-report of the "Childhood Executive Functioning
Inventory (CHEXI)" into Turkish to use with preschool children. The CHEXI is a rating
instrument by which parents evaluate the executive functioning of children between ages of 4
and12 years. The sample of the present study consists of parents of 212 children attending 37
public preschools during 2019 — 2020 academic year. Children’s ages range from 48 to 72
months. Parents completed the CHEXI, Children's Behavior Questionnaire-Short Form
(CBQ-SF), and Demographic Information Form. Results from the Confirmatory Factor
Analysis showed that the CHEXI has two factors aligned with the original structure; y2(250)
= 383,275, CFI=0.90, RMSEA=0.05 [90% CI 04, 06], SRMR=0.05. These dimensions are
Working Memory and Inhibitory Control. As a result of the item-level independent t-test
conducted for the upper and lower 27% groups, all items were significantly different between
groups. The internal reliability (Cronbach's Alpha) values of the inventory were found to
be .90 for the Working Memory and .78 for the Inhibitory Control subscale. This was also
true for composite reliability. In addition, there was a significant correlation between CHEXI
and CBQ-SF's subscales, indicating criterion validity. The findings of the present study
suggest that CHEXI could be used with parents of preschool children in Turkey.
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Cocukluk Dénemi Yiiriitiicii Islevler Envanteri-Ebeveyn Formunun Okul Oncesi Donem Cocuklar:

Icin Gecerlik ve Giivenirlik Calismasi

Oz

Makale Bilgisi

Bu galismanin amaci “Cocukluk Dénemi Yiiriitiicii Islevler Envanteri (CDYIE)” Ebeveyn
Formu’nun okul 6ncesi yas grubu icin Tiirk¢e’ye uyarlanmasidir. 4-12 yas aralifindaki
cocuklarin yiiriitiicii islevlerini ebeveynler tarafindan degerlendiren CDYIE bir
derecelendirme aracidir. Arastirmanin ¢alisma grubu, 2019-2020 egitim 6gretim yilinda 37
okul oncesi egitim kurumuna devam etmekte olan 48-72 ay grubundaki 212 ¢ocugun
ebeveynlerinden olusmaktadir. Arastirmada veri toplama araci olarak CDYIE ebeveyn formu,
Cocuk Davranig Listesi-Kisa Formu (CDL-KF) ve Demografik Bilgi Formu kullanilmistir.
Dogrulayici Faktér Analizi sonuglari CDY1 nin isleyen bellek ve ketleyici kontrol olmak
iizere iki faktorlii yapisinin orijinal yapisi ile Ortiistiigli bulunmustur; ¥2(250) = 383,275,
CFI=0.90, RMSEA=0.05 [90% CI 04, 06], SRMR=0.05. Olcek maddelerinin iist ve
alt %27’lik gruplar arasinda yapilan bagimsiz t-testi sonuglarina gore tiim maddeler gruplar
arasinda anlamli diizeyde farkhilik gostermistir. Olgegin i¢ tutarlik (Cronbach’s alpha)
degerleri isleyen bellek alt boyutu icin ,90 ve ketleyici kontrol alt boyutu i¢in ,78 olarak
bulunmustur. Gilivenirlik degerleri, Kompozit Giivenirlik degerleri i¢in de gegerlidir. Kriter
gecerliginde CDYIE ve CDL-KF alt boyutlar1 arasinda anlamli diizeyde korelasyon
bulunmustur. Bulgular, CDYIE nin Tiirk okul éncesi donem cocuklarmin ebeveynleri ile
kullanilabilir oldugunu gostermektedir.
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Introduction

Children display substantial improvements in all developmental domains during preschool years. Executive function
(EF) is one of the important developmental domains that support children’s concurrent and future social and academic
outcomes. Executive function refers to an umbrella term for various cognitive processes that are at the center of goal-
directed behaviors, thoughts, and emotions (Huizinga, Baeyens & Burack, 2018). In the light of the relevant studies, the
EF has been conceptualized with three components: inhibitory control, working memory, and mental flexibility (Lehto,
Juujarvi, Kooistra & Pulkkinen, 2003; Miyake et al., 2000). Inhibitory control entails the ability to suppress/prevent
dominant thinking processes or actions that are not about the predetermined goal (Rothbart & Posner, 1985). Working
memory is a cognitive process to hold information and manipulate it in required situations (Baddeley, 1992). And,
mental flexibility is the ability to change thoughts or actions according to the changing demands of a situation (Loftis,
2016). Miyake and colleagues (2000) found that each component of EF is independent and at the same time interrelated.
For example, to utilize inhibitory control, children need working memory while knowing what should be inhibited and
keeping their attention focused on a relevant task; and, in using mental flexibility, they need working memory and
inhibitory control (Diamond, 2013).

The development of EF begins in early childhood and continues through adolescence in parallel with the
development of the frontal lobe in the brain (Brown, 2002). Preschool years are considered as a period in which
significant improvements take place in EF (Best & Miller 2008; Garon, Bryson & Smith, 2008). On that ground, the
linear development of EF turns into a stable trajectory starting at the beginning of middle childhood; nevertheless, it
slowly continues to develop later in the life (The Center on the Developing Child, 2020). In preschool years, EF is an
important predictor of concurrent and future mathematics and literacy skills (Blair & Razza, 2007; McCelland, Acock,
Piccinin, Rhea & Stallings, 2013; Ursache, Blair & Raver, 2012).

The assessment of executive function in early childhood is important for researchers and educators who would
like to understand how it develops as well as its contributions to children's learning and development. Historically, there
has been an improvement in assessment of the EF. Progress has been made with the development of child-friendly tasks
which are developmentally appropriate, drawing attention to ecological validity, increasing the sophistication and
accuracy of statistical analyses, and the combination of neuropsychological and neurophysiological measurements
(Hughes, 2011). Further, there are two major approaches to the assessment of the EF; performance-based assessment
and ratings of EF. Performance-based assessment contains task-based tools that are employed by independent
researchers with children in structured environments (e.g., lab). Ratings of EF refer to measures of the EF completed by
adults (e.g. parent, teacher, etc.) to reflect their perceptions of the children's EF. Performance-based EF tasks are carried
out in a quiet and well-prepared place with the least amount of distractions thus, they do not represent the home, school,
and social environment of the child (Anderson, 2002). Although performance-based tasks are accepted as the standard
way of measuring the cognitive skills of the child, executive function scales explain the behavioral performance of
executive function skills in the context of everyday life (Gioia, Isquith, Guy & Kenworthy, 2000). In this context,
measuring tools that evaluate children's behavior through observations provide an advantage in obtaining information
from the children's daily environment (home, school, etc.), thus providing a global understanding of the behavior
(Nilsen, Huyder & Liebermann, 2016).

Various inventories have been used for the executive functions: the observer's report (e.g., Behavior Rating
Inventory of Executive Function [BRIEF (Gioia, Isquith, Guy & Kenworthy, 2000)]; Childhood Executive Functioning
Inventory [CHEXI (Thorell ve Nyberg, 2008)]; Comprehensive Executive Function Inventory [CEFI (Naglieri ve
Goldstein, 2014)]). BRIEF is administered by parents and teachers to assess EF of children between the ages of 5-18
years. The inventory is an 86 item measuring tool; made of 8 sub-dimensions (suppression, set-shifting, emotional
control, initiation, working memory, planning, regularity, and monitoring) and two comprehensive indexes (behavioral
regulation and metacognition index). The CHEXI has parent and teacher reports of EF that is for children between the
ages of 4-12. The inventory is a 26-item measuring tool that consists of two factors (inhibitory control and working
memory). The CEFI is also parent and teacher reports of EF for children between the ages of 5-18. The inventory is a
100-item measuring tool consisting of nine sub-dimensions (attention, emotion regulation, flexibility, inhibitory control,
initiation, organization, planning, self-monitoring, and working memory). Considering the utilization of the rating scales
to assess children's EF, evaluating the psychometric properties of the CHEXI during the preschool years is important.

There has been a lack of studies in the Turkish context aiming to develop or adapt EF-based measures for
preschool children (Taskin-Gokge & Kandir, 2019). From this perspective, the present study focuses on the validity and
reliability analyses of the CHEXI (Thorell & Nyberg, 2008) with Turkish preschoolers. Thorell and Nyberg (2008), who
were developers of the CHEXI, pointed out the necessity of a new inventory because other inventories' items had
reflected symptoms of Attentional Deficit Disorders (ADHD), not the EF itself per se. For instance, the BRIEF as the
most common inventory contains items reflecting ADHD symptoms, referring to impulsivity and attentional deficit
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defined in the Diagnostic and Statistical Manual of Mental Disorder (American Psychiatric Association, 1994). For this
reason, Thorell and Nyberg (2008) developed the CHEXI to reflect the core aspects of the executive function: working
memory and inhibitory control. In addition, it is important to employ developmentally appropriate measurement tools
in assessing children's EF. On that ground, the purpose of the current study was to adapt parent-report of the CHEXI
(Thorell & Nyberg, 2008) with Turkish parents who had preschool-aged children.

Method

Research and publication ethics were followed. In this study, the data were collected before 2020, and voluntary
participation of study group was observed during the data collection period.

Sample Group

The sample of this research consisted of the parents of 212 children attending preschool in 37 classes of 6 preschools
affiliated to the Istanbul Provincial Directorate of National Education in the first semester of the 2019-2020 academic
year. Children’s ages were between 48 and 72 months (M=59.54; SD=6.85). Of these children, 100 were girls (47.2%)
and 112 were boys (52.8%). The percentages of children’s attendance years to preschool education was one year for
37.7% (n=80), two years for 45.3% (n=96), three years for 13.7% (n=29), and 3.3% were missing. In considering the
mother's data; their ages were between 22 to 73 (M=35,60; SD=5,76); 72 mothers (34%) had educational degrees
between primary school and high school, 138 mothers (65.1%) had bachelor and graduate degrees and two mothers'
(9%) answers were missing. 77 mothers (36.3%) reported as working full-time, 24 mothers (11.3%) reported as working
part-time, 106 mothers (50%) did not work, and five mothers' (2.4%) answers were missing. Regarding of fathers' data;
their ages were between 26 to 64 ages (M=38.27; SD=5.30); 93 fathers (43.9%) had between primary school and high
school degrees, 114 fathers (53.7%) had between bachelor and postgraduate degrees, and five fathers' (2.4%) answers
were missing. 195 fathers (92%) reported as working full-time, eight fathers (3.8%) reported as working part-time, two
fathers (9%) did not work, and seven fathers' (3.3%) answers were missing. Considering family's total income; 50
families (23.6%) had to earn between 4000 TL and below, 115 families (54.3%) had to earn between 4001 and 10000,
29 families (13.6%) had to earn 10001 TL and above and finally, 18 families’ (8.5%) answers were missing. The SES
variable was calculated by averaging z scores of parental education level and the family’s total income.

Data Collection Tools

Parent and Child Information Form

The demographic information form was used in the study compromised of 15 questions pertaining to information about
the children, the mother, and the father. In this form, there were questions about the child to obtain information regarding
child's age, gender, attendance years to preschool education, development, and health-related questions and questions
to determine regular medication taken by the child. Regarding the parents, the questions were asked to determine their
age, level of education, employment status, and income status. The form was filled out by the parents.

Childhood Executive Functioning Inventory

The 5-point Likert-type scale was developed by Thorell and Nyberg (2008) entitled "The Childhood Executive
Functioning Inventory (CHEXI)" to evaluate the executive function skills of children by teachers and parents (1:
"Definitely not true", 5: "Definitely true") (see Appendix-A to sample items). This inventory consists of 26 items and
two factors (working memory and inhibitory control). The test-retest reliability coefficient of the original scale was 0.89,
while it was 0.86 for the inhibitory control and .75 for the working memory.

Adaptation Study of the Childhood Executive Functioning Inventory into Turkish

Thorell and Nyberg's (2008) study showed that as a result of the factor analysis of parent form, there were two factors
(working memory and inhibitory control). Test-retest reliability for parent evaluations was found to be .89. However,
the correlation values of laboratory measurements and CHEXI parental assessment were found to be between .26
and .33. The correlation values of the CHEXI parental assessment with the symptoms of Attention Deficit Hyperactivity
Disorder were found to be ranging from .26 to .36. Finally, the correlation values of CHEXI parental assessment with
early academic skills were found to be between -.41 and -.16.

Turkish adaptation of the CHEXI was conducted by Kayhan (2010) with 134 children’s parents and teachers.
Children’s ages were between 70 months and 100 months, with a mean age of 83 months. The results of Kayhan’s
(2010) study; test-retest reliability value of the parent-reported whole scale was .89. It was found that the two-factor
structure of the inventory explained 67% of the variances and the correlation values between the two factors in the
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teacher-report were .69. Although the CHEXI was developed for children aging between 4 to 12, the adaptation study
did not involve children who were 48-69 months. The teacher form of CHEXI for children covering the period of 48-
72 months was studied by Arslan-Cift¢i, Uyanik, and Acar (2020) based on the items adapted by Kayhan (2010). In the
study, by removing the 25th and 26th items from the 26-item form adapted by Kayhan (2010), a 24-item form was
obtained by preserving its two-factor structure. In Arslan-Cift¢i and colleagues' (2020) adaptation study of the inventory
with teachers, the reliability was found to be .95 for the working memory and .89 for the inhibitory control, while the
test-retest reliability values were found to be .89 for working memory and .85 for the inhibitory control.

In the present study, we used the teacher-report version that was adapted by Arslan-Ciftci and colleagues (2020)
with parents.

Children’s Behavior Questionnaire - Short Form

The 7-point Likert-type scale was developed by Putnam and Rothbart (2006) with the title of "Children’s Behavior
Questionnaire (CBQ-SF)" to measure the temperamental characteristics of children (1: "Extremely untrue of your child”
7: "Extremely true of your child") and has 94 items and 15 sub-dimensions (activity level, anger/frustration,
approach/positive participation, attentional focusing, discomfort, falling reactivity/soothability, fear, high-intensity
pleasure, impulsivity, inhibitory control, lack shyness, low-intensity pleasure, perceptual sensitivity, sadness and
smiling). In the internal consistency analysis of the original scale, the reliability coefficients obtained from the sub-
dimensions of the scale are .65 and above. Although internal consistency may appear low, it has been shown to be
accepted value for internal reliability (Hair et al., 2014). The adaptation study of the measurement tool to Turkish was
conducted by Akin Sari, Iseri, Yalcin, Akin Aslan, and Sener (2012). For the purpose of the present study, we used
attentional focusing and inhibitory control subscales. It was found that the internal consistency coefficient values for the
inhibitory control and attentional focusing were .75 and .72, respectively in the original study (Putnam & Rothbart,
2006). Akin Sar1 and colleagues (2012) found internal consistency of .63 for attentional focusing and .67 for inhibitory
control in Turkish version of the scale. With the present sample, the reliability values were found as .63 for attentional
focusing and .69 for inhibitory control.

Data Collection Procedures

Once the school administration approved the study protocol, we contacted teachers and parents to ask for their consent.
As a next step, the forms and data collection tools were given to parents by the teachers. Consented parents completed
forms and returned their completed forms to the researcher.

Data Analysis
SPSS 21 and Mplus 7.4 (Muthén & Muthén, 2012) were used to analyze the data. The Confirmatory Factor Analysis
(CFA) was used to test whether the scale structure revealed by Thorell and Nyberg (2008) was also valid with Turkish
parents. The CFA is utilized to determine the fitting of a structured measure with a new sample (Harrington, 2008).
Before moving into CFA analysis, we tested the multivariate normality assumptions by using the criteria of skewness
of + 3and kurtosis of + 7 (Kline, 2005). In addition, we utilized restricted maximum likelihood estimator in our CFA
models, which has been shown to be providing accurate results in the presence of nonnormality (Li, 2015).
Comparative Fit Index (CFI; Bentler, 1995), Root Mean Square Error of Approximation (RMSEA; Browne &
Cudeck, 1992), and Standardized Root Mean Square Residual (SRMR; Bentler, 1995; Hu & Bentler, 1999) model fit
indices were used to test the fit of the CFA model with the current data. RMSEA values lower than 0.08 are considered
to be acceptable (Brown & Cudeck, 1992; MacCallum, Browne & Sugawara, 1996). CFI values are above 0.9 constitutes
an acceptable fit index (Cokluk, Sekercioglu & Biiyiikoztiirk, 2012; Kline, 2005; Marsh, Balla & McDonald, 1988).
The correlations between the sub-dimensions and the differences between the upper 27% and lower 27% groups
were calculated with the independent samples t-test. In addition, the CBQ-SF (Akin Sar1 et al., 2012) was used for
criterion validity. The internal reliability of the scale was calculated with Cronbach's Alpha and Composite Reliability
(Raykov, 1997) methods.

Findings

Table 1. Results from Confirmatory Factor Analysis, Reliability, and Lower-Upper Group Differences

Lower 27% Upper 27%

CFA Total Item
loadings Correlation n M SD n M SD t
(N=212) (n=191)
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a=,90 50 125 16 58 2,67 A4 -22,96%*

Memory
CR=90
Ttem 1 62 59 58 108 28 58 344 68 2440%
Ttem 3 59 57 57 1,00 00 58 227 64 -14.97*
Ttem 6 63 60 57 1,03 I8 58 344 65 -28,98%*
Ttem 7 62 59 56 1,12 33 58 331 62 -23,10%
Ttem 9 49 52 58 1,00 00 58 239 79 -13,40%
Ttem 12 51 52 57 1,00 00 58 322 62 -27A44%
Item 14 59 58 58 101 I3 58 355 62 -30,17**
Ttem 17 64 62 58 1,00 00 58 2,69 77 -16,56**
Ttem 19 67 64 58 1,00 00 58 2,69 68 -18,90%*
Ttem 20 77 74 57 1,00 00 58 306 72 -21,62%
Ttem 21 68 64 55 1,00 00 58 322 46 -3581%
Ttem 23 59 54 49 1,00 00 58 334 64 -2576%*
Ttem 24 76 75 58 1,00 00 58 324 54 -31,61%F
Inhibitory ;¢ 50 2,02 34 58 348 40 -21,01%
Control
CR= 80

Ttem 2 27 22 57 168 46 58 437 A8 -30,14%*
Ttem 4 62 52 58 112 32 58 3,74 66 -26,94%*
Item 5 49 43 58 148 50 58 372 67 -2035%*
Ttem 8 58 46 50 1,59 49 58 389 72 20,22%
Ttem 10 27 22 59 205 .75 58 498 13 -29023%*
Ttem 11 54 49 58 219 75 58 448 50  -19,15%*
Ttem 13 55 AT 58 101 I3 58 350 65 -2827**
Item 15 64 55 50 1,62 48 58 441 49 30,61%*
Ttem 16 62 53 54 1,00 00 54 350 .60 -30,28**
Ttem 18 63 55 58 1,50 50 58 425 51 -29,14%*
Ttem 22 49 39 57 1,00 00 58 334 63 -27,80%*

** p <001. CR=Composite Reliability

Considering the model fit indices, it was found that this model fit well with the data (x2(250) = 383,275,
CFI=0.90, RMSEA=0.05 [90% CI 04, 06], SRMR=0.05). Factor loadings were significant (see. Table 1). In addition,
the internal consistency values of the factors in the current study are o= .90 (CR =,90) for Working Memory and o= .78
(CR=,80) for Inhibitory Control. Further, we examined the lower and upper 27% group differences for each item and
sub-dimensions. As shown in Table 1, significant differences have been found between the lower and upper groups at
both the item and sub-dimension levels.

Table 2. Correlation values between the CHEXI subscales, criterion measures, and demographic variables

1 2 3 4 5 6
1. Working )
CHEXI Memory
2. Inhibitory 5475 )
Control ’
el e e
CBQ-SF .
4. Inhibitory 246+ 333k 4545 )
Control
5. Child Sex ,006 -,068 -, 152% -,077 -
6. Child Age ,206 -,060 ,220%* ,170* ,075 -
7. Family SES ,052 ,112 ,163* ,029 -,076 -,007
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Note: CHEXI: Childhood Executive Function Inventory. CBQ-SF: Children’s Behavior Questionnaire-Short Form. SES: Socioeconomic
Status. Child Sex (1= Girls, 2= Boys). *p<,05; **p <,001

As seen in Table 2, the CHEXI’s subscales significantly and positively correlated with the CBQ’s subscales,
indicating criterion validity. In detail, working memory was significantly correlated with attentional focusing (r =, 547;
p <, 001) and inhibitory control (r =, 246; p <, 001) of the CBQ. Inhibitory control of the CHEXI was significantly
correlated with attentional focusing (r =, 438; p <, 001) and inhibitory control (r =,333; p <, 001) of the CBQ. See Table
2 for details.

4510 H-y.342 (022)

/4 53 355 (.035))29)
/ /" dsa0 k-¥302 (020)
/ ’/. p '/’, - -

/S 456 e 438(029)
81101y 7
T540YD 7 ws23 e 478(027)
835¢012) 7
/350 (01 w51 - 369 (023)
/7 323 (018)—"
794 (015) w50 = 498(027)
7N 7709 (.019) p—
1,000 (000) 4 v 822 (013)————i 524 M- 325 (021)
/ N\ 790 (.015)__ —

SO723(018) T Ms21 - 375(023)
N30l 0 T
J10(019). M g7 - 477(027)
44017, —
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Figure 1. Diagram for the Confirmatory Factor Analyses. WM = Working Memory. INHB= Inhibitory Control
Discussion and Conclusion

The purpose of the present study was to examine the reliability and validity of the parent-report of the CHEXI for
preschool-aged children (Thorell & Nyberg, 2008). Results from the analyses showed that the two-factor structure of
the CHEXI was aligned within the current data. We also found that all items and subscales (working memory and
inhibitory control) were distinct between lower and upper groups of the sample. The reason behind this finding could
be explained by the fact that the items of the "Childhood Executive Functioning Inventory" show the distinctive feature
of the child's executive functions skills. Further, there was a significant correlation between subscales of the CHEXI
and CBQ, indicating confirmation of the criterion validity of the scale. This clearly shows that parents’ perception of
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children’s temperamental effortful control is related to parent-report of EF. This could be explained by the notion that
children’s temperamental regulation could be subcomponent or collaborative construct of the EF (Simonds, Kieras,
Rueda, & Rothbart, 2007). Internal consistency values of each subscale were acceptable. Also, the indicates that the
items of the measure represent the defined conceptualization of the constructs.

In the present study, we found that as children got older, their EF levels reported by parents were higher. This
finding was consistent with the previous research (Best & Miller, 2010; Garon, Bryson, & Smith, 2008), showing that
children’s EF increases as children get older. This could be due to improvements in children’s behavioral control and
cognitive skills scaffolding children’s EF (Ball et al., 2011). Also, parents reported girls having higher levels of
attentional focusing than did boys. Sex differences in EF could be explained from the perspective of biological
underlying such that girls are less impulsive, avoid negative outcomes, and have improved working memory (Grissom
& Reyes, 2019). And considering the results of SES, there was a positive relationship with the EF. The reason behind
this finding could suggest that children within high SES family context could have more resources to practice EF
(Howard et al., 2019; Sarsour et al., 2011).

The preschool period is an important developmental stage for development of the EF (Best & Miller, 2010;
Garon, Bryson & Smith, 2008). Researchers have drawn attention to the advantageous and disadvantageous aspects of
the measurement tools of the EF (Anderson, 2002; Gioia, Isquith, Guy & Kenworthy, 2000; Nilsen, Huyder &
Liebermann, 2016). In general, the discussion rolls around whether performance-based and parent/teacher reports
evaluate the similar or same aspects of the EF, and it has shown that there are discrepancies between the two types of
measures (Acar, Frohn, Prokasky, Molfese & Bates, 2019; Toplak, West & Stanovich, 2013). On that ground, it is
important to utilize diverse measures to assess children’s EF to comprehend a broader picture regarding their EF skills.
By doing so, we could have a better understanding regarding the EF as related to children's social and academic skills
(Blair, 2002; Blair & Razza, 2007; Hughes & Ensor, 2007). Overall, the currently validated measure can be utilized in
future research and practice that have an interest in assessing children’s EF.
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