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Purpose. To characterize and analyze the performance of adolescents with executive function deficits through the Children’s
Cooking Task (CCT) as a performance-based complex ecological assessment. Methods. Participants were 41 adolescents (aged
10–14 years) with normal intellectual function and executive function deficit profiles based on the Behavior Rating Inventory of
Executive Function (BRIEF) parent reports and self-reports (BRIEF-SR) and the WebNeuro and 40 controls with typical
development matched by age and gender. Participants in both groups performed the CCT, an ecological standardized complex
task. Results. Significant group differences were found for all CCT outcome measures (total number of errors, task duration, and
all qualitative rating variables). Significant correlations were found among children with executive function deficit profiles
between the CCT performance duration and total number of errors and the BRIEF-SR subscale score. Two separate discriminant
function analyses described primarily by the CCT correctly classified the study groups. Conclusion. The poor performance of
adolescents with executive function deficit profiles exhibited through the standardized complex task, as well as the relationships
with their executive functions, supplies better insight about their daily confrontations. Identifying how they perform may lead to
development of focused interventions to improve these adolescents’ daily performance, participation, and wellbeing.

1. Introduction

Executive functions (EF) are control functions people use to
implement or execute a task in order to face new situations.
These multidimensional cognitive constructs are necessary for
goal-directed and problem-solving behavior in all aspects of life,
whether academic, vocational, or social [1]. According to theo-
retical models, EF are essential in the cognitive development of
children and adolescents and are involved in learning processes
[2, 3] and everyday occupations [4]. The many EF definitions
vary from one researcher to another; however, most researchers
agree that the foundational components of EF are inhibition,
working memory, and shifting or cognitive flexibility [5, 6].

The EF components integrate to allow people to perform
complex, novel, and dynamic occupations successfully [7].
When EF develop normally, behavior is adapted according
to the changing environments. However, when EF deficien-
cies are present, significant delay may be observed in subse-
quent cognitive, social, and academic development [8]. The
developmental transitions from childhood to adolescence
and then to adulthood involve greater use of EF [9]. Based
on extensive recent research about EF and their impact on
learning, daily functioning, and behavior, EF may be most rel-
evant for understanding the reason for deficits or success in
activity performance and participation abilities among chil-
dren and adolescents with neurodevelopmental disorders [10].

Hindawi
Occupational erapy International
Volume 2020, Article ID 3051809, 11 pages
https://doi.org/10.1155/2020/3051809

https://orcid.org/0000-0002-7755-519X
https://orcid.org/0000-0002-8666-0389
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/3051809


A profile of EF deficits (EFD) characterizes a heteroge-
neous group of children and adolescents who struggle in their
daily functioning, including in the school environment,
with or without diagnoses of neurodevelopmental disorders
such as attention deficit hyperactive disorder [11], develop-
mental coordination disorder (DCD) [12], or specific learn-
ing disabilities [13].

Because EF are important for coping with and managing
daily life challenges, it is important, in addition to the stan-
dard neuropsychological testing, to examine them within
the context of challenging activities and everyday life con-
texts (i.e., ecological assessment) to obtain a complete pic-
ture of a person’s functioning [14]. Barkley [15] described
ecological validity as the extent to which performance evalu-
ated in a laboratory represents the actual behaviors of inter-
est as they occur in natural settings. Ecological validity in
relation to neuropsychological assessment has two require-
ments: first, the demands of the test and the testing condi-
tions resemble demands in the child’s everyday world, or
verisimilitude; second, performance of the test predicts some
aspects of the child’s functioning on a day-to-day basis, or
veridicality [4, 16].

Two main types of ecological assessment of EF have been
developed and studied [17]: (1) rating scales/questionnaires
evaluating EF in common daily situations (at home or in
school), such as the Behavior Rating Inventory of Executive
Functions (BRIEF) [18–20] or the Dysexecutive Question-
naire for Children [21] and (2) performance-based assess-
ments. Functional assessments may include (a) functional
>“paper and pencil” tasks simulating situations close to daily
life tasks but performed in an office, such as the Behavioral
Assessment of Dysexecutive Syndrome for Children (BADS-
C) [21] or (b) real-life situation tasks with observation of
actual performance in a natural environment, such as the
Do-Eat [22, 23], the Weekly Calendar Planning Assessment
[24], or the Children’s Cooking Task (CCT) [25].

Chevignard et al. [25] developed the CCT to provide an
ecologically valid assessment in a real-life, open-ended set-
ting. The assessment, performed and rated by occupational
therapists in clinical practice, proved feasible in detecting
and characterizing (even mild) EFD in children with trau-
matic brain injury [26] and DCD [27]. The unique error
analysis used in the CCT was initially developed using Lezak
et al.’s [28] cognitive model, in which an execution error may
reflect dysfunction in volition, planning, goal direction, or
task monitoring. Additionally, Schwartz et al.’s model of
action disorganization syndrome was used to precisely
describe errors. This allowed developing a two-stage error
rating. In the first step, purely descriptive errors (e.g., omis-
sions or additions) are rated without reference to how or
why they occurred. In the second step, each error is reconsid-
ered following a “neuropsychological” error rating, allowing
description of the reasons each error occurred (e.g., control
or context neglect errors).

The initial Adult Cooking Task [29, 30] and the subse-
quently developed and adapted children’s version, the CCT
[25, 26], were found to be highly sensitive to executive dys-
function. There is a great need to take these performance-
based assessments a step forward to provide more accurate

and sensitive assessment of everyday functional activities that
consider the person’s environment [31]. Performance-based
assessments such as the CCT have the potential to detect
EF difficulties because its tasks capture the complexity of
real-life performance [32–34]. These kinds of assessments
allow clinicians to not only evaluate the testing outcome,
but also analyze the process, including the client’s general
approach, strategy use, online control, and observable
problem-solving behavior [14].

The main aim of the present study was to characterize
and analyze the performance of adolescents with EFD
through the CCT as a performance-based complex ecological
assessment. The results can enhance the utility of this novel
ecological performance-based measure for use with adoles-
cents with and without EFD profiles. As such, we proposed
the following hypotheses:

(a) Significant differences will be found between adoles-
cents with EFD and those with typical development
(TD) in performance of a complex task, as evaluated
by the CCT (i.e., in the total number and types of
errors, task duration, and qualitative rating variables)

(b) Significant correlations will be found between the
total number of errors and task duration in the
CCT and EF measures (BRIEF-SR and WebNeuro)
in each group separately

(c) The number of errors on the CCT will predict group
membership (EFD or TD)

2. Method

2.1. Instruments to Examine Inclusion Criteria

2.1.1. Demographic Questionnaire. The demographic ques-
tionnaire includes information about age, gender, mothers’
and father’s education, socioeconomic status, and diagnosis.

2.1.2. BRIEF Parent Version [18]. The BRIEF parent version
was used to measure EF performance in everyday life and
to determine group membership. This version includes 86
questions in five cognitive subscales (initiation, working
memory, plan-organize, organization of materials, and mon-
itoring) and three behavioral subscales (inhibit, shift, and
emotional control). These eight subscales form two compos-
ite indices (MI and BRI) and one global executive composite
(GEC) score, with a mean of 50 and a standard deviation of
10. The results are presented in t-scores (with higher scores
indicating worse performance). A t-score of 65 or above is
considered in the clinical range. Mean internal consistency
ranges from .82 to .98, and test-retest reliability ranges from
.72 to .84.

2.1.3. WISC-R [35], Hebrew Version. The WISC-R assesses
verbal and nonverbal capacities to evaluate intellectual func-
tioning. We utilized its vocabulary and block design subtests
to assess these capabilities, define participants’ profiles (pre-
senting with at least average cognitive abilities), and rule
out participants with possible intellectual disabilities. The
mean score in each subtest is 10. Sattler reported that the
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two-subtest combination of vocabulary and block design has
a strong correlation with the WISC-IV full-scale IQ (r = :92)
and adequate test-retest reliability (r = :87) [36]. We chose
these tests also because they are commonly used to assess
intellectual function in evaluation studies in a population
of children aged 10 years or older with complex neurode-
velopmental disabilities [37, 38]. An occupational therapist
performed the assessment, and a psychologist coded and
interpreted them.

2.2. Measures to Characterize EFD Profile

2.2.1. BRIEF-SR [20]. The BRIEF-SR is a self-report consist-
ing of a reliable and valid questionnaire used to assess EF in
11- to 18-year-olds with a reading level of at least fifth grade.
The current study included participants from age 10, in fourth
grade with an appropriate reading level and no difficulties
completing the questionnaire. Notably, there is more evidence
for using the BRIEF-SR beyond the age range [39, 40].

The BRIEF-SR includes 80 statements in four subdo-
mains (inhibition, shifting, emotional control, and moni-
toring) of the BRI and the four subdomains of the MI
(working memory, planning/organization, organization of
materials, and task completion). The BRI and MI scores are
combined to constitute the overall GEC score. A GEC
t-score of 50 represents the average standard score. A stan-
dard t-score of 65 or greater is considered in the clinical
range. Test-retest reliability was found to be .84 for the BRI
and .87 for the MI.

Internal consistency for the GEC, BRI, and MI in the cur-
rent study was α = 0:95. It seemed that the questionnaire’s
reliability was not affected by participants at ages 10 to 11
years. Thus, the score was calculated for them as children at
age 11 years.

2.2.2. WebNeuro [11]. WebNeuro is a computerized neuro-
psychological screening tool designed to emphasize cogni-
tive function and its effects in different populations. Its
several versions allow repeated measurement at points
throughout the intervention, building a person’s profile over
time. WebNeuro taps the sensorimotor, memory, executive,
attention, and emotion perception (social cognition) domains
of cognitive function. TheWebNeuro was used in this study to
characterize the participant EFD profiles as an objective
assessment alongside self-reported or observation-type evalu-
ations. As such, it strengthened the population’s characteriza-
tion. For most tests, WebNeuro’s automated software scores
the responses. Each study participant’s performance on each
aspect of each test (reaction time, accuracy, etc.) is expressed
as a z-score relative to the normative mean of 0, with positive
z-scores reflecting better than average performance, and
negative values reflecting poorer than average performance.
The validity coefficient between IntegNeuro (a non-Internet-
based computerized cognitive assessment battery) and Web-
Neuro factors and overall performance scores has been found
to be between .56 and .86, and the validity coefficient between
critical scores for each test range from .45 to .87. All study
participants completed the memory, attention, and executive
domains of the WebNeuro.

2.3. Primary Outcome Measure

2.3.1. CCT. The CCT is a performance-based evaluation
developed by Chevignard et al. [25] to assess EF and multi-
tasking abilities. The CCT is designed for children and ado-
lescents aged 8 to 18 years. However, depending on their
autonomy and independence, teenagers aged 16 to 18 years
can also be assessed using the adult version of the test. Partic-
ipants are asked to prepare two simple recipes (a chocolate
cake and a fruit cocktail).

The examiner reads written instructions to the child and
checks that they are fully understood. The instructions are
available to the child throughout the task. Participants are
informed that they must pretend to be completely alone to
prepare a surprise for their family. An examiner only inter-
venes in case of “fatal” mistakes or dead ends to avoid com-
plete failure or to put the child back on track to finish the
task. All participant actions and comments are recorded
and analyzed later. The assessment for our study took place
in a therapeutic kitchen within the occupational therapy cen-
ter, and the same setting was used for all participants. Ingre-
dients and utensils laid out on the table included semantic
and morphological distractors. Given a folder with six recipes
presented in the same format (i.e., title, illustrated list of
ingredients, and numbered illustrated preparation steps),
each participant was expected to find the two correct recipes
(chocolate cake and fruit cocktail).

The CCT is categorized as a “real-life” situation and
performance-based assessment because it is not performed
in a neuropsychology office or an occupational therapy room,
but in a real kitchen (the child’s actual kitchen or one the
child does not know) using real materials and ingredients.
It entails the child manipulating real-life instruments, ingre-
dients, and so forth and performing an activity that is or
could be part of everyday life. In many instances, measuring
how much the children questioned or asked for help assisted
in realizing how impaired they were in performing an (every-
day life) activity on their own (without help) and how much
they had to rely on adult guidance to finish the task.

The CCT analysis consists of classifying and quantifying
the errors observed. They are classified at two levels (the
appendix) [25]: a descriptive level and a neuropsychological
level [41]. The descriptive level includes errors of omission,
addition, commentary-question, substitution-sequence, and
estimation. In this study, the examiner counted the number
of each type of error and summarized the total. Then, to
interpret the cause of the mistakes, the errors were classified
according to neuropsychological levels. There are six error
types for this level: control, context neglect, environmental
adherence, purposeless action and displacement, depen-
dency, and inappropriate behavior (defined and described
in the appendix).

In this study, a qualitative rating of the task was con-
ducted, taking into account the time required to complete
the task (in minutes), as well as three criteria (rated yes or
no): ability to reach the task goal (for the subject to prepare
both an edible cake and a fruit cocktail), onset of dangerous
behavior (e.g., the child wanted to use the oven unsupervised
or used a knife found in the kitchen), and required adult
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intervention to prevent complete task failure (e.g., the child
forgot to perform part of the instructions, did not monitor
cooking time, or asked for help). A clinical cut-off score
was set for each error type and for task duration using the
mean number of errors and time in the control group plus
two standard deviations. Participants performing beyond
this cut-off were considered in the clinical range.

The CCT manual, which was developed in French and
translated into English [41] (including psychometric proper-
ties), was published in two articles [25, 26]. Internal consistency
Cronbach’s alpha = :86 (n = 25 traumatic brain injury) [26];
interrater reliability for the total number of errors was .96 and
for other error types ranged from .70 to .99 [25]. Test-retest reli-
ability was .89 for the total number of errors and from .46 to
.90 for other types of errors, .94 for task duration, .63 for goal
achievement, and .53 for need for adult intervention [17].

The authors provided permission to translate the CCT
into Hebrew for use in this study, following a forward-and-
backward translation. Content validity for using the assess-
ment in Israel was based on a pilot study with five children
and a focus group of seven expert occupational therapists
from the University of Haifa’s Department of Occupational
Therapy. Additionally, two occupational therapists trained
in the assessments scored five children who performed the
assessment. The results showed high-level reliability. Internal
consistency of the Hebrew CCT is high (α = :81) and test-
retest reliability is moderate for the total number of errors
(intraclass correlation coefficient = :65) [42]. Moderate con-
current validity of the CCT assessment was found with the
parent-rated BRIEF and WebNeuro [11, 42].

2.4. Participants. Study participants were recruited through
published community advertisements aimed towards young
adolescents (aged 10–14 years) with and without daily func-
tioning difficulties. We determined sample size using G-
Power software, considering the medium effect size of 0.25,
power = 90, and α = 0:05 [43, 44].

Respondents to the study advertisements who had
known psychiatric or emotional disorders, autistic spectrum
disorders, physical disabilities, or neurological diseases were
excluded from the study. The remaining were invited for
examination for the inclusion criteria. Specifically, parents
completed the BRIEF [18] and a demographic questionnaire,
and adolescents performed two subtests from the Wechsler
Intelligence Scale for Children (WISC-R) [35], with a score
higher than 5 required for inclusion. All 81 respondents
met the criteria, and they and their parents were invited to
participate in the study.

The participants were divided into two groups—one,
41 adolescents with EFD, the other, 40 adolescents with
TD—according to the BRIEF scores. Specifically, inclusion
in the research (EFD) group required the adolescents to score
a minimum score of 65 (outside normal range) on the meta-
cognition (MI) or behavioral regulation (BRI) composite
indices of the parents’ BRIEF reports. Inclusion in the control
(TD) group, matched to the group with EFD by the adoles-
cents’ age and gender, required index scores in the normal
range (<65) according to the parents’ BRIEF reports in the
BRI or the MI.

Then, the participants who were found appropriate com-
pleted the BRIEF-SR questionnaire [20], the WebNeuro
computerized assessment [34] for characterization as partic-
ipants with or without EFD profiles, and the CCT assessment
for the outcome measure.

The rationale for choosing these measures was based on
the literature recommendations to use rating measures and
performance-based measures because they assess different
aspects of executive function and together provide an indica-
tion of how well or poorly an individual responds to adverse
conditions [45].

2.5. Procedure. The University of Haifa Ethics Committee
approved this study. The participants were recruited through
published community advertisements aimed towards adoles-
cents aged 10 to 14 years with and without everyday func-
tioning difficulties and with or without formal diagnoses.
The adolescents completed two subtests from the WISC-R
for inclusion criteria, and their parents completed demo-
graphic and BRIEF questionnaires to determine inclusion
in the study. Participants who met the inclusion criteria were
invited for a one-time meeting. After all participants and
their parents signed informed consent forms, each partici-
pant then completed the BRIEF-SR questionnaire and the
WebNeuro computerized assessment for characterization as
participants with or without EFD profiles and the CCT
assessment as the outcome measure. An expert occupational
therapist who was blinded to the participant’s group status
(EFD or TD) administrated and, except for theWISC-R, ana-
lyzed all assessments.

2.6. Data Analysis. Data processing with SPSS-21 provided
descriptive statistics (mean, standard deviation, and percent-
ages) to describe the study participants’ main variables.
Those that referenced the CCT are combined results for the
two recipes (making the cake and the fruit cocktail). Because
the CCT errors were not normally distributed, a Mann-
Whitney test was conducted to examine differences between
groups in the CCT assessment. Spearman correlations were
used to examine the correlation analyses between the CCT
and the BRIEF-SR questionnaire and the WebNeuro. The
effect sizes are represented by partial eta squared, with ηp

2 <
:04 considered a minimum effect size representing a clinically
significant effect, :04 < ηp

2 < :25 considered a moderate effect,

and ηp
2 > :25 considered a strong effect size [46]. Fisher’s lin-

ear discriminant function analyses were conducted to deter-
mine which CCT variables best predicted group membership.

3. Results

Overall, 41 participants met the inclusion criteria for the EFD
group, and 40 matched TD adolescents constituted the con-
trol group. Demographic and functional characteristics of
both groups are presented in Table 1.

Both groups (EFD and TD) were within the average
range (10) for the two WISC-R subtests. However, signifi-
cant differences were found between the two groups, with
a lower mean in the EFD study group ([Fð2, 78Þ = 11:30,
p < :001, ηp

2 = :23]) in the parent-report BRIEF indices:
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BRI (tð79Þ = 11:73, p < :001), MI (tð79Þ = 17:1, p < :001), and
GEC (tð79Þ = 19:44, p < :001); the self-report BRIEF indices:
BRI (tð79Þ = 5:27, p < :001), MI (tð79Þ = 7:08, p < :001), and
overall GEC score (tð79Þ = 6:14, p < :001); and the WebNeuro
[Fð6, 74Þ = 11:84, p < :001, ηp2 = :49]. The participant inclu-
sion criteria and the additional measure to characterize
EFD profiles are presented in Table 2.

Hypothesis A (differences between groups (CCT)). Significant
differences were found between the groups in the CCT
assessment scores. Table 3 shows that the adolescents with
TD performed significantly better than did the adolescents
with EFD in total number of errors, all error types, task
duration, and qualitative rating (i.e., goal achievement, dan-
gerous behavior, and required adult intervention). The table
also shows that, except for omission, all descriptive- and
neuropsychological-level errors among the group with EFD
were more than two standard deviations above the group
with TD, based on the CCT clinical cut-off score.

Hypothesis B (correlations between the CCT total number
of errors and task duration and the EF profile measures
(BRIEF-SR subscales and WebNeuro)). Spearman correla-
tions between the total number of errors and task duration
(CCT) and the EF measures (BRIEF-SR andWebNeuro) were
established in each group separately. A medium positive cor-
relation was found between the BRIEF-SR subscales plan/-
organization (r = :31, p < :05) and task duration. No other
significant correlations were found in the EDF and TD groups.

Hypothesis C (predictive validity of error types). Discriminate
function was found for group classification of participants in
the descriptive (Λ = :32, p < :001) and neuropsychological
(Λ = :42, p < :001) analyses of the CCT. As presented in
Table 3, all error types contributed considerably to group
classifications. The variables providing the greatest contribu-

tion to group membership were estimation error from the
descriptive analysis (loading = :81) and control error from
the neuropsychological analyses (loading = :77). Values for
all error types are presented in Table 4. Based on these func-
tions for the descriptive analysis of the CCT, 91.4% of the
study participants were correctly classified into their respec-
tive groups (specifically, 88.0% of participants in the group
with EFD and 95.0% in the TD group). A kappa value of
.83 (p < :001) was calculated, demonstrating that group clas-
sification did not occur by chance. For the neuropsychologi-
cal analyses, 88.9% of study participants were correctly
classified into their respective groups (i.e., 82.9% of partici-
pants in the group with EFD and 95.0% in the TD group).
A kappa value of .77 (p < :001) was calculated, demonstrating
that group classification did not occur by chance.

4. Discussion

The main aim of this study was to characterize and
analyze performance of adolescents with EFD through a
performance-based complex ecological assessment—the
CCT assessment—and to explore the relationships between
the CCT and EF measures. The results enhance the utility
of this novel ecological EF measure for use with adolescents
with EFD.

Results show that participants with EFD made signifi-
cantly more errors than those with TD (Hypothesis A).
The types of errors and the qualitative rating criteria distin-
guished adolescents with EFD from those with TD. Our
results are similar to findings from previous studies indicat-
ing that adolescents with executive dysfunctions can be
impaired when performing complex activities of daily living
[10, 25, 26, 41]. For example, the adolescents with EFD in
this study did not reach the assessment goal as efficiently
as did their peers with TD. The group with EFD required
significantly more adult assistance, exhibited significantly
more dangerous behaviors, and needed significantly more

Table 1: Participants’ demographic characteristics.

EFD group (n = 41) TD group (n = 40)
t p

M (SD) Range M (SD) Range

Age (years) 11.88 (1.08) 10.08–14.05 12.19 (1.08) 10.00–14.75 -1.29 .2

Frequency (%) Frequency (%) χ2 p

Gender

Boys 29 (70.7) 28 (70.0) 0.0 .94

Mothers’ education

Academic 34 (82.9) 37 (92.5) 1.71 .19

Fathers’ education

Academic 30 (73.2) 27 (67.5) 0.31 .57

Socioeconomic status

Low 2 (4.9)

Average 21 (51.2) 20 (50.0) 2.11 .34

High 18 (43.9) 20 (50.0)

Note: EFD: group with executive function deficits; TD: group with typical development; academic: higher education more than 12 years of schooling including
studies toward a degree or profession; socioeconomic status: low: under 7,000 ILS, average: 7,000–14,000 ILS, and high: more than 14,000 ILS for one month.
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time to complete the task. These results also align with pre-
vious CCT assessment findings among children with devel-
opmental dyspraxia [27] or traumatic brain injury [25, 26]
and strengthen the CCT’s ability to discriminate between dif-
ferent health condition groups compared to typical develop-
ment groups, as reported in those three studies.

That the highest average errors were of the addition and
commentary-question types may suggest that the adolescents’
behavior during the task reflected their daily conduct in com-
plex tasks. Most adolescents in the group with EFD per-
formed unnecessary moves and steps (addition), as well as
asked questions and commented (commentary-question),

although they had been explicitly told to act as though they
were alone. The neuropsychological-level analysis shows
a considerable number of errors in participants’ context
neglect, control, environmental adherence, purposeless action,
and dependency. Almost half of the participants in the group
with EFD required adult intervention to prevent task failure
(vs. 7% of the group with TD). These results indicate impor-
tant monitoring difficulties during a complex task, leading to
numerous unnecessary or unrelated actions and increased
need for external help and cues, thus increasing the time
needed to complete the task [26]. The literature described
children and adolescents with EFD profiles as disorganized,

Table 2: Participants’ inclusion criteria and additional measure for characterizing EFD profile.

Inclusion criteria EFD group (n = 41) TD group (n = 40)
WISC-R95 M (SD) M (SD) F p ηp

2

Vocabulary 9.63 (2.43) 11.80 (2.69) 14.43 <.001 .15

Block design 11.20 (2.96) 13.38 (2.09) 14.56 <.001 .15

M (SD) Range M (SD) Range t p

BRIEF-BRI 67.70 (9.72) 52-94 46.32 (8.15) 36-66 11.73 <.001
BRIEF-MI 66.65 (6.34) 50-81 42.95 (6.13) 33-59 17.10 <.001
BRIEF-GEC 69.09 (5.26) 58-80 43.82 (6.36) 33-55 19.44 <.001

BRIEF subscales M (SD) Range M (SD) Range F p ηp
2

Inhibition 63.00 (12.13) 40–100 45.92 (6.70) 40–63 61.01 <.001 .43

Shift 70.29 (11.04) 48–95 46.47 (6.86) 38–59 135.17 <.001 .63

Emotional control 68.68 (12.15) 45–91 47.05 (9.05) 36–64 82.17 <.001 .51

Initiation 62.21 (9.43) 44–79 42.47 (5.93) 35–56 126.35 <.001 .61

Working memory 67.44 (8.51) 49–82 43.65 (5.43) 36–57 223.32 <.001 .73

Plan/Org 67.41 (7.46) 47–82 43.77 (6.45) 37–63 231.87 <.001 .74

Organization of materials 59.46 (7.83) 40–70 46.60 (9.16) 34–66 46.17 <.001 .36

Monitor 63.65 (6.95) 48–82 42.87 (7.62) 33–58 164.36 <.001 .67

EFD profile M (SD) Range M (SD) Range t p

BRIEF-SR-BRI 59.07 (12.18) 37-84 45.85 (10.36) 18-68 5.26 <.001
BRIEF-SR-MI 58.71 (10.83) 31-81 43.35 (8.59) 22-63 7.07 <.001
BRIEF-SR-GEC 59.39 (11.24) 33-84 45.10 (9.64) 19-67 6.14 <.001

BRIEF-SR subscales M (SD) Range M (SD) Range F p ηp
2

Inhibition 55.70 (11.07) 34–86 46.52 (8.29) 34–66 17.77 <.001 .18

Shift 58.60 (14.35) 32–91 45.85 (9.41) 32–78 22.25 <.001 .22

Emotional control 61.17 (10.96) 38–83 49.35 (9.98) 28–71 25.71 <.001 .25

Monitor 54.09 (10.10) 36–76 45.77 (8.51) 31–63 16.05 <.001 .17

Working memory 56.04 (11.39) 34–86 43.50 (7.57) 32–61 33.92 <.001 .30

Plan/Org 58.32 (10.89) 31–79 45.15 (10.49) 18–75 30.69 <.001 .28

Organization of materials 55.22 (11.54) 33–76 45.07 (8.00) 33–64 21.01 <.001 .21

Task completion 61.12 (11.00) 35–84 43.55 (8.08) 26–61 66.81 <.001 .46

WebNeuro domain M (SD) M (SD) F p ηp
2

Memory -0.59 (1.40) .550 (.58) 23.15 <.001 .22

Attention -1.09 (1.04) .160 (.87) 34.93 <.001 .30

Executive -0.57 (1.10) .350 (.71) 20.16 <.001 .20

Note: EFD: group with executive function deficits; TD: group with typical development;M: mean; SD: standard deviation;WISC-95:Wechsler Intelligence Scale
for Children; BRIEF: Behavior Rating Inventory of Executive Function.
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lacking initiative, and forgetful. They require frequent
encouragement and cues when expected to do more than
one thing at a time. Because they have difficulty starting
assignments, they may be described as lazy or procrastinat-

ing. They struggle to shift between activities, may persevere
on one task until completed, and have difficulty prioritizing
important tasks, managing time, and meeting deadlines.
Planning challenges them because they tend to focus only
on the present [1]. These characteristics are reflected in their
EFD profile (as parents reported through the BRIEF), and the
children’s performance (number of errors) on the CCT
observed in the current study strengthens that profile. Such
difficulties in daily performance are a main reason for referral
to therapy services such as occupational therapy.

The correlations found between the EF measures and
total number of errors and task duration (Hypothesis B)
are few and medium (one correlation), similar to the lit-
erature, which documented that performance-based and
questionnaire-based EF measures assess different underlying
mental constructs [45, 47]. Performance-based measures of
executive function occur under maximal or optimal perfor-
mance situations and assess the processing efficiency of
cognitive abilities under very structured conditions. Rating
measures of executive function occur under typical perfor-
mance situations and assess the extent to which individuals
accomplish goal pursuits under unstructured conditions.
The former are “supervisory,” and the latter involve “exec-
utive” control [47].

Table 3: Differences between groups in the Children’s Cooking Task assessment.

EFD group
(N = 41)
n (%)

TD group
(N = 40)
n (%)

χ2 p

Have you performed cooking tasks in the past? Yes: 36 (87.7) Yes: 38 (95.7) 1.32 .25

Are you allowed to experiment with home
cooking activities?

Yes: 28 (68.3) Yes: 32 (80.0) 1.47 .47

Qualitative rating

Goal achievement No: 21 (51.2) No: 6 (15.0) 11.90 <.010
Dangerous behavior Yes: 18 (43.9) Yes: 2 (5.0) 16.47 <.001
Intervention of adult Yes: 19 (46.3) Yes: 3 (7.5) 15.44 <.001

EFD group (N = 41) TD group (N = 40) Mann-Whitney test Z p ηp
2

M [SD (min–max)]

Task duration (min) 27.87 [12.22 (11–75)] 21.52[5.32 (14–47)] 2.91 <.001
Total number of errors 44.41 [25.43 (12–135)] 9.98 [5.90 (2–28)] 7.33 <.001 .72

Descriptive analysis

(1) omissions 2.54 [1.88 (0–8)] 0.73 [1.01 (0–4)] 5.10 <.001 .73

(2) additions 13.22 [9.15 (1–51)] 1.63 [1.39 (0–6)] 7.27 <.001 .72

(3) substitutions-sequences 5.32 [3.08 (0–11)] 1.75 [1.42 (0–4)] 5.37 <.001 .73

(4) estimation 5.63 [2.40 (0–10)] 1.00 [1.51 (0–6)] 6.84 <.001 .72

(5) commentary-question 18.88 [20.54 (0–113)] 4.90 [4.57 (0–21)] 4.03 <.001 .73

Neuropsychological analysis

(N1) control errors 7.80 [4.56 (1–21)] 1.60 [1.80 (0–8)] 6.55 <.001 .72

(N2) context neglect 31.27 [21.24 (8–120)] 7.73 [5.12 (1-24)] 6.96 <.001 .72

(N3) environmental adherence 5.20 [3.87 (0–23)] 1.53 [1.46 (0–7)] 5.72 <.001 .73

(N4) purposeless action 6.22 [5.65 (0–20)] 0.58 [0.87 (0–4)] 6.37 <.001 .72

(N5) dependency 5.58 [4.18 (0–17)] 1.75 [1.41 (0–5)] 5.29 <.001 .73

(N6) inappropriate behavior 0.63 [1.09 (0–4)] 0.03 [0.15 (0–1)] 3.67 <.001 .73

Note: EFD: group with executive function deficits; TD: group with typical development; M: mean; SD: standard deviation.

Table 4: Discriminant function analysis structure matrix:
predictors’ loading value (descriptive and neuropsychological
analyses).

Descriptive analysis Function

(4) estimation errors .81

(2) additions .62

(3) substitutions-sequences .52

(1) omissions .42

(5) commentary-question .28

Neuropsychological analysis Function

(N1) control errors .77

(N2) context neglect .65

(N4) purposeless action .59

(N5) dependency .56

(N3) environmental adherence .53

(N6) inappropriate behavior .33
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Although only one correlation was found between the
CCT and the EF measures—specifically, a medium positive
correlation between the BRIEF-SR subscales plan/organiza-
tion and task duration—it may strengthen the evidence for
presence of EF in everyday tasks and their possible implica-
tions on performance and participation. We measured the
time needed to complete the task because organizing daily
activities and tasks and their execution time are important
keys to efficient time usage and daily expressions of how per-
sonal temporal abilities affect an individual’s procedure over
time. These abilities are required for independent work and
long-term projects [13]. The gaps between individuals’ abili-
ties and environmental requirements will manifest in the
individuals’ manner of organizing activities in time and
may influence their participation and success in life events
[48]. Zentall et al. [49] linked the ability to plan and execute
an activity within a limited time, place an object where it can
be easily located, and plan how to execute the activity as a
construct of time and space organization. Addition errors,
one of the most common errors among adolescents with EF
in our study, are defined as any action or sequence of actions
unnecessary to task completion (e.g., adding to the instruc-
tions or utilizing distractors, opening and closing doors,
and taking objects and returning them to their place without
using them). These errors extend the task duration and, of
course, do not help achieve the goal. They may also demon-
strate organizational deficits in space that affect performance.
Similar findings were found in published studies of adults
with acquired brain injury [30] using the Cooking Task: the
task duration did not correlate to processing speed, but
mostly to the number of errors. Indeed, the more errors or
additional actions participants made, the more corrective
actions they needed to perform, and this slowed their overall
task performance. Prior studies showed that functional diffi-
culties among adolescents with EFD lead to more time
needed to complete a task. Reasons include slow information
processing and difficulty automating operations [50]. Clini-
cians might take into account this component and consider
it in therapy sessions, for example, to create useful strategies
to deal with challenging daily activities that involve plan/or-
ganization skills.

Discriminant function analysis revealed that the CCT
classified a high percentage of the adolescents into their
appropriate groups (Hypothesis C). However, almost all
error types contributed to the assessment of function and
thus should be considered during intervention. This confirms
the high internal consistency found for the Children’s [26]
and the Adults’ [41] Cooking Tasks.

Performance-based tests applied in a structured setting
can provide valuable information about optimal perfor-
mance and can therefore predict performance in similar set-
tings, such as school tasks in the classroom. However, tests of
this kind cannot accurately predict performance in goal-
directed behavior in real-world settings, for instance, in com-
plex social situations. Everyday settings are less structured;
the level of demand varies and there is no instruction from
the evaluator. Furthermore, performance is estimated by
the self or by other informants, a circumstance that does
not guarantee maximum accuracy [45]. Combining the use

of performance-based tests and rating scales in the compre-
hensive assessment of executive functioning may be the best
way to assess daily functions among young adolescents with
EFD [47, 51–53].

The CCT is classified as a real-life situation task with
observation of actual performance in a natural environment
because it includes activities resembling everyday functions
[54]. The task is easily adapted to children and adolescents,
and the participants enjoy performing it. Moreover, open-
ended tasks such as those in the CCT add meaningful infor-
mation to the participants’ everyday adaptive functioning.
Observing the task performance allows the therapist to pro-
mote the self-awareness process by identifying execution
errors to assist in developing self-monitoring skills and to
create effective strategies and training for transferring and
generalizing to additional activities and different environ-
ments [55].

Despite the effective information obtained from the CCT,
this study had several limitations. Importantly, it was not
possible to access the medical files and data (e.g., tests used,
exact diagnosis retained, or comorbidities) of participants
in the group with EFD to formally verify the diagnoses they
reported. Because some participants had no formal diagno-
ses, the study results cannot be applied to the overall popula-
tion with conditions associated with EFD. Additionally,
despite the clear difference between groups in levels of errors,
as suggested by the Mann-Whitney tests, we are aware of a
discriminant function analysis to predict group affiliation in
a multivariate model due to the normality assumption at
the core of this type of analysis.

Another limitation was that the potential influence of the
examiner’s presence in the kitchen cannot be removed from
the participant’s use of independent self-regulatory behav-
iors; participants, therefore, were not observed in a fully nat-
ural environment [25].

Future studies should attempt to confirm this study’s
findings with larger representative samples and to examine
the CCT as an outcome measure after treatment [56]. The
studies could use recipes (of the same difficulty level) other
than those used in the current study to maintain this out-
come measure’s novelty. Future studies should also examine
the cognitive strategies participants use during the task to
learn more about efficient and inefficient functioning for
the therapy intervention.

In conclusion, this study’s findings can help researchers
and clinicians characterize and analyze the performance of
adolescents with EFD. The results suggest evidence for the
utility of the CCT as an assessment tool, examining everyday
EF in both clinical and research settings. The findings allow
clinicians to choose the CCT when it suits the child, in order
to create an evaluation process that incorporates accurate
assessment tools.

Appendix

A. Types of Errors in the Cooking Task Analysis

As a first step, we classified errors participants performed
during the CCT at a descriptive level:
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(1) Omission. Any action or sequence of actions normally
required to reach the goal that is either omitted or incom-
pletely performed.

Examples: forgetting a step or part of a step, forgetting to
use soap when washing hands, forgetting to add an ingredient,
and not asking the examiner to turn on the oven.

(2) Addition. Any action or sequence of actions unnecessary
for the completion of the task. Additions may be actions that
could be part of the task that are then achieved with “detours”
or actions that are irrelevant to the task.

Examples: using distracter ingredients and adding extra
ingredients to the recipe.

(3) Inversion-Substitution. Any object mistake (misuse of
one object for another) or use of an object a priori belong-
ing to the correct category but inappropriate to the goal
initially pursued (e.g., a dirty or dangerous object) or any
sequence error.

Examples: requesting to turn on the oven when the dough
is finished and not at Step 1 as indicated in the recipe and pre-
paring the dough in a small bowl.

(4) Estimation. Poor estimation of the quantity of ingredi-
ents, the number or size of utensils, the place, or the time.
Estimation errors are, so to speak, errors that have to do with
amount, size, time, power, or place.

Examples: pouring half a glass of oil instead of a full glass
and pouring the flour directly into the glass and spilling part of
the flour outside the glass.

(5) Commentary-Question. Any question, remark, or joke
to the examiners, such as asking how to perform an action
or where to find an ingredient or a utensil, although the
patient had been clearly instructed to act as if he or she
were alone.

Next, we classified the errors in a second-step analysis,
taking into account the neuropsychological mechanisms
underlying the occurrence of errors.

(1) Control Errors. Inefficient monitoring of action or not
respecting the instructions or the recipe. At the utmost, this
lack of monitoring or insufficient control may cause failure
to achieve the goal. This type of error highlights the role of
EF in controlling the efficiency of the actions undertaken in
relation to the goal.

Examples: not respecting the quantity of an ingredient
and adding the sparkling water to the cocktail glass until
it overflows.

(2) Context Neglect. Poor assessment of the environment or
failure to respect the instructions or the frame defined for
the task. This definition highlights the role of ER in the anal-

ysis and monitoring of environmental data in order to adapt
one’s behavior to the environment and better reach the goal.

Examples: not washing hands, although they are covered
in butter; playing football in the kitchen; licking fingers; and
putting a spoon coated with dough into the flour bag.

(3) Environmental Adherence. Action carried out because of
the patient’s adherence to an object or place. This type of
error belongs to the symptoms typically described in a dysex-
ecutive syndrome.

Examples: breaking all the eggs of the box without stopping
when the requested quantity is achieved and working on a
crowded countertop or even on the recipe binder.

(4) Purposeless Actions and Displacements. Action performed
without any apparent goal, which does not contribute to pur-
suing the task; apathetic behavior. The EF intervene in the
support of an activity to achieve a goal.

Examples: walking around the table without performing
any effective action and picking up an object and putting it
down without using it.

(5) Dependency. Any question or request for help by the
participant, such as questioning the way to perform an action
or to find an object. This type of error highlights the role of
EF in the search and implementation of backup strategies
when the solution to a problem is not directly reachable, as
well as the structuring role of the examiner during neuropsy-
chological testing.

Examples: “how many eggs in the cake?” or “what is a stick
of butter?” or, pointing to the spoon, “do I use this to mix the
dough?”

(6) Inappropriate Behavior. Any socially inappropriate or
dangerous behavior. These errors highlight the role of EF in
the behavioral regulation and adaptation in relation to the
environment.

Examples: asking the examiner to taste the dough, making
or answering a phone call while performing the task, and
attempting to remove the hot mold from the oven alone.
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