Methods
published: 23 March 2018
doi: 10.3389/fped.2018.00071

Assessment of sensory Processing
and executive Functions in
Childhood: development, Reliability,
and Validity of the ePYFeI
Dulce Romero-Ayuso1*, Sara Jorquera-Cabrera 2, Antonio Segura-Fragoso 3,
Abel Toledano-González 4, M. Carmen Rodríguez-Martínez 5 and José Matías Triviño-Juárez6
Division of Occupational Therapy, Department of Physical Therapy, Faculty of Health Sciences, University of Granada,
Granada, Spain, 2 AYTONA Children’s Therapy Centre, Madrid, Spain, 3 Department of Medical Science, Faculty of
Occupational Therapy, Speech Therapy and Nursing, University of Castilla-La Mancha, Talavera de la Reina, Spain,
4
Department of Psychology, Faculty of Occupational Therapy, Speech Therapy and Nursing, University of Castilla-La
Mancha, Talavera de la Reina, Spain, 5 Division of Occupational Therapy, Department of Physical Therapy, Faculty of Health
Sciences, University of Malaga, Malaga, Spain, 6 Primary Care Center Zaidín Sur, Andalusian Health Service, Granada, Spain
1

Edited by:
Brigitte Vollmer,
University of Southampton,
United Kingdom
Reviewed by:
Caroline Jane Edmonds,
University of East London,
United Kingdom
Kumar Sannagowdara,
Medical College of Wisconsin,
United States
*Correspondence:
Dulce Romero-Ayuso
drayuso@gmail.com
Specialty section:
This article was submitted
to Pediatric Neurology,
a section of the journal
Frontiers in Pediatrics
Received: 11 October 2017
Accepted: 09 March 2018
Published: 23 March 2018
Citation:
Romero-Ayuso D, JorqueraCabrera S, Segura-Fragoso A,
Toledano-González A, RodríguezMartínez MC and Triviño-Juárez JM
(2018) Assessment of Sensory
Processing and Executive Functions
in Childhood: Development,
Reliability, and Validity of the EPYFEI.
Front. Pediatr. 6:71.
doi: 10.3389/fped.2018.00071

Frontiers in Pediatrics | www.frontiersin.org

The aim of this study was to determine the psychometric properties of the “Assessment
of Sensory Processing and Executive Functions in Childhood” (EPYFEI), a questionnaire designed to assess the sensory processing and executive functions of children
aged between 3 and 11 years. The EPYFEI was completed by a sample of 1,732
parents of children aged between 3 and 11 years who lived in Spain. An exploratory
factor analysis was conducted and showed five main factors: (1) executive attention, working memory, and initiation of actions; (2) general sensory processing; (3)
emotional and behavioral self-regulation; (4) supervision, correction of actions, and
problem solving; and (5) inhibitory. The reliability of the analysis was high both for the
whole questionnaire and for the factors it is composed of. Results provide evidence
of the potential usefulness of the EPYFEI in clinical contexts for the early detection of
neurodevelopmental disorders, in which there may be a deficit of executive functions
and sensory processing.
Keywords: sensory processing, executive functions, children, psychometrics, validity, reliability

Occupational therapy interventions and their evaluation in children have particularly focused on
assessing sensory processing (1). Sensory processing is considered a key element to understand
participation in various daily activities in relation to contextual demands (2, 3). The brain receives
sensory information, builds a representation of the world around us, and gives us the ability
to react and interact optimally with the environment (4). The prevalence of sensory processing
disorders is estimated to range between 5 and 16% in the general population, reaching 90% in
autism spectrum disorder (ASDs) (5–7). In addition to sensory processing, assessments should
consider the cognitive factors that may affect the performance of individuals in various activities,
including personal care, academic achievement, play, or social participation (1, 8). In this cognitive area it is particularly relevant to assess executive functions (1, 9). Although several definitions of executive functions exist, there is agreement on the need to consider several essential
elements: (1) So-called “cold” executive functions, which include inhibitory control, attention
span, working memory, and the planning, execution, and monitoring of actions (10, 11); and
(2) “hot” executive functions, which include the self-regulation of behavior, the experience of
reinforcement and punishment, and decision making based on the individual’s emotional and
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personal interpretation (11–14). Executive functions enable
intentional and purposeful behavior, which is directed toward
achieving a goal (15). It is, therefore, understood that a deficit
of executive functions can have devastating effects on activities
of daily life that could be interpreted as human occupations in
a broad sense, such as school activities, self-care, play, leisure,
and social participation (11, 16, 17). A typical development of
executive functions is considered to be a protective factor in
various neurodevelopmental disorders (18, 19). By contrast,
children with executive function deficits are highly likely to be
diagnosed with a neurodevelopmental disorder in the future
(18, 19). It has been observed that the sensory symptoms of
school-aged children with autism are affected by the degree of
cognitive maturity of the children (9, 20). A strong and positive correlation has also been observed between difficulties in
sensory processing and executive function deficits in various
populations, such as premature children (21–23), children with
ASDs (24–26), and children with attention deficit hyperactivity
disorder (ADHD) (27–29). These results show that difficulties
associated with sensory processing and executive functions
tend to be related to each other. It has even been suggested that
inhibitory control and executive attention play an important
role in the regulation of sensory processing as a latent factor
(19) and that tactile sensitivity is also a predictor of the selfregulation of behavior (30).
It would be interesting to take the interrelation between
sensory processing and executive functions as a basis to develop
standardized evaluation tools that could provide insight on
the factors of both sensory processing and executive functions
together. This would lead to a more holistic view of the causes of
difficulties in learning, behavior, and functionality in activities of
daily living in children (31–33). Such standard tests might allow
us to obtain an individual profile of the strengths and weaknesses of children that could help us make comparisons with
the normative data of the typical population (7, 33). Moreover,
tests that obtain information from parents, teachers, or carers
have a greater ecological validity than laboratory tests, since they
focus on daily life, which is consistent with a family centered
approach (33, 34).
To the best of the authors’ knowledge, to date there are no
questionnaires available to jointly and simultaneously assess
sensory processing and executive functions, considering the
interrelationships between both processes in children’s daily
activities. This type of instrument would make it easier to obtain
an overall view of the influence that sensory processing and
executive functions have on individuals’ functional performance
in several areas. Examples of such areas are the quality and
quantity of play, social participation (35), family routines, and
everyday activities, particularly dressing and feeding (36, 37).
The assessment of children’s performance in these areas would
contribute to the planning of treatment.
Considering this, the main objective of this study was to
develop a standardized instrument to assess sensory processing
and executive functions in children aged 3–11 years; we expected
such an instrument to enable early detection of neurodevelopmental disorders based on the information provided by caregivers
on the participation of children in their various daily activities.
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This instrument, the “Assessment of Sensory Processing and
Executive Functions in Childhood” (EPYFEI) was also intended
to provide a response to the lack of validated instruments for the
Spanish population. This new tool was called EPYFEI as an acronym of the full name of the instrument in Spanish: Evaluación
del Procesamiento sensorial Y Funcionamiento Ejecutivo en la
Infancia.

METHODS
The methods used to design and assess the metric properties of
the EPYFEI questionnaire were based on the quality criteria for
measuring properties in questionnaires about health status (38).

Content Validity

The EPYFEI was developed by first conducting a literature
review, followed by a meeting attended by five occupational
therapists and one neuropsychologist in 2015. The first draft
of the questionnaire included 108 items, which were created
according to the various dimensions of sensory processing and
executive functions. Two rounds of consultations then took place
with three occupational therapists who were experts in sensory
integration and children’s therapy. One of them was from the
United States (University of Southern California) and the other
two were Spanish professionals with more than 10 years experience in the field. The first round enabled the experts to reduce
the number of items to 103 and to modify the way in which
some of the items were phrased. Specifically, items that were
very specific to autism were eliminated, since the instrument
was intended to be applicable to other neurodevelopmental
disorders [e.g., ADHD, ASD, language-specific disorders (LSD),
dyspraxia]. After the second round of consultations, the experts
reduced the number of items to 94 self-administered items,
which were then used to create the initial EPYFEI questionnaire that would be used to start the evaluation process. It took
15 min to fill in the questionnaire.

Study Population

The 94 items of the initial EPYFEI questionnaire were administered to the parents of 1,732 children. Of these, 1,349 were
healthy or “typical” children and 383 were children diagnosed
with a neurodevelopmental disorder according to the criteria of
the DSM-IV-TR. Such disorders, included ADHD, ASD, LSD,
developmental delay, and other neurodevelopmental disorders.
The children were recruited using non-probability convenience
sampling. The sample of typical children was obtained from
various Spanish preschool and primary education centers by
means of meetings with the headmasters of these centers. The
sample of children with neurodevelopmental disorders was
obtained from several Spanish child therapy centers via the
occupational therapists and several Spanish associations of
parents of children with ADHD, ASD, and LSD. All parents and
headmasters received a letter stating the objectives of the study.
The parents who agreed to the participation of their children in
the study gave their written consent and completed the EPYFEI.
The fieldwork took place in the period between April 2015 and
December 2017.
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Data Collection

valid. The reliability of the set of scales in the parents’ questionnaire ranged between 0.70 and 0.80. The test–retest carried out
with the Spanish population proved to be highly reliable and
indicated good convergent validity. The CHEXI is a questionnaire consisting of 24 items that evaluates four basic aspects
of executive functions: working memory, planning, regulation,
and inhibitory control. Studies have shown that this instrument has a good internal consistency and factor structure and
a good ability to predict academic achievement (40, 43). The
CHEXI can be used by both parents and teachers, although in
this study only evaluations obtained from parents were used.
The internal consistency of the CHEXI for parents and teachers
was excellent, with Cronbach’ alpha values of 0.94 and 0.98,
respectively (44).
The short SP2 is a standardized instrument used to evaluate
a child’s sensory processing patterns in the context of everyday life (42). The information obtained makes it possible to
determine how sensory processing may favor or hinder the
child’s participation in everyday activities. It is composed of
three questionnaires that obtain the opinions and evaluations
of parents or carers and teachers, who best know the child’s
responses to sensorial interactions that occur throughout the
day. The Spanish version of the SP2 can be used with children
aged between 3 and 14 years. The short SP2 version, which
contains 34 items, has a coefficient of reliability of 0.90 for the
Spanish population, and has obtained good results as regards
to the test–retest stability coefficients for each of the quadrants
in the Short SP2 (search: 0.97; avoidance: 0.96; sensitivity: 0.96;
and bystander: 0.93) and for the sensory processing (0.97) and
behavior (0.97) subscales (42).
The hypothesis on which this study was based is that
the EPYFEI would correlate most strongly with the sensory
processing scale of the short SP2 and least strongly with the
behavior scale of the short SP2. We also hypothesized that
the EPYFEI would show a high correlation with the working memory and inhibition scales of the CHEXI and a lower
correlation with the BASC. For this purpose, we calculated
Spearman correlation coefficients (r). A value of r > 0.7 is
considered to be good (45).

In addition to the 94 items of the EPYFEI, we also obtained
children’s sociodemographic and clinical data (i.e., sex, age,
educational level) and data on parents’ age and occupation. The
children’s clinical diagnoses were obtained from their clinical
histories and from data provided by their parents.

Development of the Final Questionnaire
and Internal Consistency

An exploratory factor analysis was conducted to identify the
components of sensory processing and executive functions
that could discriminate whether the neurodevelopment was
typical or not, determining the items that should be retained,
and reducing their number as far as possible. For this purpose,
we estimated the Kaiser-Meyer-Olkin statistical sample fit
(acceptable with values of above 0.5) and conducted the Bartlett
sphericity test. The structure was evaluated using an exploratory
factor analysis with varimax rotation, extracting the principal
components and applying the Kaiser rule (eigenvalues >1) to
determine the number of factors. Items were eliminated if they
had a factor loading of <0.40 on their own factor. The response
options of each item were based on an ordinary five-point Likert
scale (0 = never, 1 = almost never, 2 = sometimes, 3 = almost
always, 4 = always).
To determine internal consistency, Cronbach’s alpha coefficient was calculated for each of the principal components
and the final questionnaire obtained from the factor analysis.
A Cronbach’s alpha of 0.70–0.95 is generally accepted as a measure of good internal consistency.

Construct Validity

Construct validity refers to the degree to which the scoring
of the questionnaire is correlated with the measures of other
questionnaires in a manner that is consistent with the theoretical hypotheses derived from the concepts being measured. The
EPYFEI questionnaire was correlated with the Spanish versions
of the behavior assessment system for children (BASC questionnaire for parents, P1 or P2 in parents with children aged 3–6
or 6–12 years old, respectively) (39), the childhood executive
functioning inventory (CHEXI) (40, 41), and the short sensory
profile 2 (short SP2) (42).
The BASC was designed to facilitate differential diagnosis,
to analyze the need to adapt the curriculum to children’s
and adults’ emotional and behavioral disorders, and also to
support the design of intervention and treatment plans. The
BASC questionnaire for parents’ measures the child’s behavior
observed at home, thus contributing with a detailed measurement of both adaptive and problem behavior in the family
and community spheres. It consists of nine clinical scales
(i.e., aggressiveness, hyperactivity, behavior problems, attention problems, atypicality, depression, anxiety, isolation, and
somatization, where a higher score represents higher negative
or undesirable characteristics) and three adaptive scales (i.e.,
adaptability, social skills, and leadership, where a higher score
means a more positive behavior). The individual use of the
components of the BASC is very reliable and psychometrically
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Test–Retest Reliability (Repeatability)

Repeatability is the variation in measurements obtained from a
single person or instrument in the same item, under the same
conditions, and in a short period of time. To determine repeatability, we calculated the interclass correlation coefficient (ICC)
with a 95% confidence interval between the scores obtained for
the test and the retest in order to assess the stability of the scores
over time. A score of ICC > 0.7 was considered acceptable (45).
The test–retest reliability assessment was carried out between
July and December 2017 by the parents of 109 children (71
typical and 38 with a neurodevelopmental disorder) from
several Spanish child therapy and preschool education centers,
using the same procedure mentioned above. The time interval
between test and retest was always 2 weeks. These centers were
given the final version of the EPYFEI. In addition, the BASC
(39), CHEXI (40, 41), and short SP2 questionnaires (3, 42) were
administered.
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Floor and Ceiling Effects

age was 6.6 (SD = 3.39) years. A total of 18.6% (n = 323) of the
children were preterm.

The ceiling and floor effects refer to the percentage of individuals
who obtained the highest or the lowest possible scores on a test,
respectively. We calculated the percentage of children with the
highest and lowest possible scores for the total EPYFEI questionnaire and for each of its five factors. If more than 15% of those
surveyed had the maximum or minimum scores, the ceiling and
floor effects were considered to be present. These effects reduce
reliability, since participants with extreme scores cannot be distinguished from each other (46).

Factor Analysis and Internal Consistency

Table 2 shows the results of the factor analysis of the sample of
1,732 children, the five factors identified, the loading factor of
each item, the percentage of answers missing, the eigenvalues,
and Cronbach’s alpha of the factors and the explained variance
after rotation. We identified five factors, which were labeled
as follows: (1) Executive attention, working memory, and
initiation of actions; (2) sensory processing; (3) emotional
and behavioral self-regulation; (4) supervision and problem
solving; and (5) inhibitory control. All the items in each factor
had a rotated factor loading greater than 0.4. All the factors
had an eigenvalue above 1 and a Cronbach’s alpha between
0.74 and 0.94. The total percentage of explained variance after
rotation was 56.55%. The percentage missing in the items never
exceeded 0.25%.

Interpretability

The Mann–Whitney U test was used to compare the scores of
typical children (i.e., without disorders) and those of children
with neurodevelopmental disorders for the total EPYFEI questionnaire and for each of its five factors. We also calculated the
ROC curve of the total score in order to determine the ability
to predict whether a child had a neurodevelopmental disorder
or typical development. We additionally conducted an analysis
to determine the best cut-off point to consider that the screening was positive and identified a potential neurodevelopmental
disorder.

Construct Validity

Table 3 shows the correlation values between the scores of the
EPYFEI questionnaire (both the total score and those of its four
factors) and the scores obtained for the BASC, CHEXI, and SP2
questionnaires.
Results show that the total score obtained for the EPYFEI has
a positive and high correlation with the short SP2 behavioral
subscale (0.80, p < 0.001), the short SP2 sensory subscale (0.68,
p = 0.008), the CHEXI regulation subscale (0.65, p < 0.001),
the BASC atypicality subscale (0.65, p < 0.001), the CHEXI
inhibition scale (0.58, p < 0.001), the BASC attention problems
subscale (0.52, p < 0.001), and the short SP2 seeker profile (0.65,
p < 0.001).
The EPYFEI executive attention, working memory, and
initiation of actions factor additionally had a positive and
high correlation with the short SP2 behavioral subscale (0.85,
p < 0.001), the short SP2 sensory subscale (0.66, p < 0.001),
the CHEXI regulation subscale (0.71 p < 0.001), the CHEXI
inhibition and planning subscales (0.59, p < 0.001), the BASC
attention problems subscale (0.64, p < 0.001), the BASC atypicality subscale (0.59, p < 0.001), and the three short SP2 sensory
modulation profiles: seeker pattern (0.57, p < 0.001), sensitive
pattern (0.65, p < 0.001), and avoider pattern (0.52, p < 0.001).
By contrast, the EPYFEI sensory processing factor had a positive
and high correlation with the short SP2 sensory subscale (0.60,
p = 0.019).
The EPYFEI self-regulation factor showed a positive and
moderate correlation with the BASC atypicality subscale (0.58,
p < 0.001), the CHEXI regulation subscale (0.48, p < 0.001), and
the short SP2 avoider patterns (0.48, p < 0.001). The only factor of the EPYFEI that was negatively correlated with the other
scales was supervision and problem solving. It was correlated
with the following subscales: BASC behavior (−0.50, p < 0.001),
CHEXI planning (−0.43, p < 0.001), CHEXI working memory
(−0.51, p < 0.001), CHEXI inhibition (−0.41, p < 0.001), short
SP2 behavioral (−0.70, p < 0.001), and short SP2 sensory (−0.74,
p < 0.001).

Statistical Analysis

Statistical analyses were conducted using the IBM SPSS Statistics
(version 23.0, IBM Corp., Armonk, NY, USA). The level of statistical significance was set at p < 0.05 (bilateral). Participants’
characteristics were analyzed using simple descriptive statistics.

RESULTS
Description of the Sample

Table 1 provides a description of the sample of 1,732 children.
Of these, 77.90% (n = 1,349) were children with typical development and without any pathology; 51% (n = 884) were male. Mean
Table 1 | Description of the sample (n = 1,732).

Age (years old)

Mean

SD

6.66

2.39

n

%

1,349
95
84
15
83
106

77.9
5.5
4.8
0.9
4.8
6.1

Female
Male

848
884

49.0
51.0

Age of child (years old)

≤4
5–7
≥8

397
658
677

22.9
38.0
39.1

Educational level

Preschool
Primary

705
1,027

40.7
59.3

Preterm

Yes
No

323
1,409

18.6
81.4

Group

Typical
Attention deficit hyperactivity disorder
ASD
Developmental delay
Other neurodevelopmental disorders
Language-specific disorders

Sex
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Table 2 | Results of the factor analysis.
Factor loading

Statistics

Factor 1. Executive attention, working memory, and initiation of actions
Has difficulties in understanding the instructions he/she is given to perform tasks
Is not prone to initiate activities; needs to be stimulated or asked to do so
Has difficulties following a conversation, activity, or instructions
Has difficulties maintaining attention to perform an activity and needs to take breaks or interrupt the activity
Has problems in selecting the essential information or necessary objects to perform a task or solve a problem
Has difficulties doing things that require a mental effort
Has difficulties performing activities that involve several steps
Has difficulties remembering information while he/she is performing another activity
Takes time to finish activities and needs more time than other children his/her age
Needs continuous efforts to perform and finish activities
Has difficulties in describing something that happened so that others can understand it easily

0.691
0.656
0.756
0.731
0.765
0.795
0.664
0.771
0.800
0.716
0.693

Eigenvalue: 7.14
Cronbach’s alpha: 0.943
95% CI (0.939–0.947)
Explained variance after
rotation %: 20.99

Factor 2. General sensory processing
Has problems recognizing objects visually
Does not like water at all
Touches or rubs the body part, where he/she was touched by somebody
Usually leans on himself/herself or on an object or wall to support his/her head, body…. etc
Has problems climbing steps, moving, staggers, or has difficulties riding down a slide in the park or elsewhere
Struggles to keep his/her balance on uneven ground
Injures or hurts himself/herself

0.649
0.657
0.613
0.691
0.726
0.654
0.673

Eigenvalue: 3.88
Cronbach’s alpha: 0.833
95% CI (0.821–0.845)
Explained variance after
rotation %: 11.41

Factor 3. Emotional and behavioral self-regulation
Protests when does not get own way
Reacts inappropriately to criticism
Has rapid mood swings
Cries and/or gets frustrated easily
Has tantrums

0.603
0.713
0.697
0.703
0.703

Eigenvalue: 2.97
Cronbach’s alpha: 0.818
IC 95% (0.804–0.831)
Explained variance
after rotation %: 8.73

Factor 4. Supervision, correction of actions, and problem solving
Cooperates in the performance of activities
Revises and corrects activities
Knows how to organize his/her free time and play by himself/herself
Solve the problems that come up in the activities
Performs daily activities, such as getting dressed, washing, eating, etc., without help
Recognizes the feelings and needs of others

0.685
0.647
0.611
0.652
0.578
0.585

Eigenvalue: 2.77
Cronbach’s alpha: 0.747
95% CI (0.728–0.765)
Explained variance
after rotation %: 8.14

Factor 5. Inhibitory control
Usually hums or makes noises while he/she performs tasks and should be silent
Seeks activities involving jumping, crawling, pressing, pushing, or pulling
Has difficulties staying still
Acts without planning what he/she has to do, in an impulsive way
Switches to another activity without finishing the one he/she was performing

0.556
0.712
0.702
0.581
0.487

Eigenvalue: 2.47
Cronbach’s alpha: 0.739
95% CI (0.719–0.758)
Explained variance
after rotation %: 7.26

95% CI, 95% confidence interval for Cronbach’s alpha. Total explained variance after rotation %, 56.55. All the items have less than 0.5 of missing values.

Finally, the EPYFEI lack of inhibitory control factor showed
a positive and moderate correlation with the BASC hyperactivity subscale (0.56, p < 0.001) and the CHEXI regulation (0.67,
p < 0.001) and inhibition (0.64, p < 0.001) subscales, the short
SP2 seeker pattern (0.68, p < 0.001), the short SP2 behavioral
subscale (0.58, p < 0.001), and the short SP2 sensory subscale
(0.63, p < 0.001).

percentage of subjects with the maximum and minimum score.
All percentages were lower than 11%, with the exception of the
percentage of participants with minimum scores on the sensory
processing factor (35%).

Interpretability

The mean of the total scores of the EPYFEI questionnaire and its
five factors for typical children and those with neurodevelopmental
disorders are shown on Table 6. Scores were considerably higher
in children with neurodevelopment disorders, with Cohen’s D
showing highly different values for all factors (>0.75), with the
exception of Factor 4, related to strength components (47).
In addition, the ROC curve method was used to further
explore the discriminant validity of EPYFEI. Typically, an area
under the ROC curve equal to 1 corresponds to an instrument that
discriminates perfectly between patients and controls, whereas a
value of 0.50 indicates that the instrument discriminates with an
accuracy no better than chance. An area under the ROC curve

Test–Retest Reliability (Repeatability)

Table 4 shows the test–retest differences for the total score and
that of the five factors of the EPYFEI questionnaire along with
the ICC. All the differences were weak (less than 0.5 points) and
none were statistically significant. The ICCs were between 0.75
and 0.93 for the total score and the five factors.

Floor and Ceiling Effects

Table 5 shows the maximum and minimum scores obtained for
the EPYFEI questionnaire and its five factors, along with the
Frontiers in Pediatrics | www.frontiersin.org
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Table 3 | Correlation between the EPYFEI and the BASC, the CHEXI, and the SP2 questionnaires.
Total score EPYFEI

FACTOR 1

FACTOR 2

FACTOR 3

FACTOR 4

FACTOR 5

rs

rs

rs

rs

rs

rs

0.20
0.46
−0.19
0.52
0.65
0.41
0.39
0.12
−0.36
−0.03
−0.30
−0.30
0.24
0.29
−0.19
0.42
0.29
0.65
0.58
0.65
0.59
0.60
0.51
0.68
0.80

0.14
0.44
−0.08
0.64
0.59
0.41
0.30
0.19
−0.23
−0.08
−0.36
−0.39
0.24
0.31
−0.24
0.0.59
0.46
0.71
0.59
0.57
0.52
0.65
0.39
0.0.66
0.85

0.13
0.12
−0.05
0.15
0.20
0.18
0.10
0.04
−0.01
−0.17
−0.20
−0.31
0.12
0.19
−0.27
0.29
0.29
0.24
0.24
0.27
0.20
0.35
0.27
0.60
0.22

−0.19
−0.30
−0.50
−0.28
−0.04
−0.21
0.14
−0.01
−0.21
0.31
0.33
0.34
−0.39
−0.19
0.36
−0.43
−0.51
−0.37
−0.41
−0.07
−0.06
−0.11
−0.02
−0.74
−0.70

0.23
0.56
0.12
0.41
0.48
0.29
0.05
−0.02
−0.21
−0.03
−0.33
−0.15
0.40
0.15
−0.16
0.40
0.33
0.67
0.64
0.68
0.49
0.36
0.43
0.63
0.58

BASC aggressiveness
BASC hyperactivity
BASC behavior PROBLEMS
BASC attention problems
BASC atypical
BASC depression
BASC anxiety
BASC withdrawal
BASC Somatization
BASC adaptability
BASC social skills
BASC leadership
BASC exteriorizing problems
BASC interiorizing problems
BASC adaptive skills
Planning CHEXI
Working memory CHEXI
Regulation CHEXI
Inhibition CHEXI
SP2 seeker
SP2 avoider
SP2 sensitive
SP2 bystander
SP2 sensorial
SP2 behavioral

0.32
0.41
−0.02
0.34
0.0.58
0.44
0.34
0.10
−0.26
−0.10
−0.24
−0.18
0.32
0.27
−0.19
0.17
0.08
0.48
0.45
0.41
0.48
0.21
0.35
0.22
0.30

Spearman’s (rs) correlation; EPYFEI, assessment of sensory processing and executive functions in childhood; BASC, behavior assessment system for children questionnaire for
parents; CHEXI, childhood executive functioning inventory; Short SP2, short sensory profile 2; FACTOR 1, executive attention, working memory and initiation of actions; FACTOR
2, general sensory processing; FACTOR 3, emotional and behavioral self-regulation; FACTOR 4, supervision, correction of actions and problem solving; FACTOR 5, inhibitory control.

Table 4 | Average test and retest scores, difference, and ICC.
Test

Total Score
FACTOR 1
FACTOR 2
FACTOR 3
FACTOR 4
FACTOR 5

Retest

Difference

95% CI diff

95%CI ICC

n

Mean

SD

Mean

SD

Mean

SD

Ll

Ul

p

ICC

Ll

Ul

65
66
68
67
67
68

33.88
9.17
1.91
5.88
12.55
4.93

14.71
9.45
2.14
4.27
5.22
4.13

33.34
8.91
1.99
5.57
12.64
4.57

14.49
9.06
2.07
4.20
5.07
4.13

0.54
0.26
−0.07
0.31
−0.09
0.35

8.14
4.69
1.79
3.78
3.13
2.11

−1.46
−0.88
−0.50
−0.60
−0.85
−0.15

2.53
1.40
0.36
1.23
0.67
0.86

0.6
0.66
0.74
0.5
0.82
0.17

0.916
0.931
0.78
0.752
0.898
0.93

0.862
0.888
0.643
0.596
0.834
0.886

0.949
0.958
0.864
0.847
0.937
0.957

95% CI diff, 95% confidence interval of the difference; Ll, lower limit; Ul, upper limit; ICC, interclass correlation coefficient; 95% CI ICC, 95% confidence interval of the ICC;
FACTOR 1, executive attention, working memory and initiation of actions; FACTOR 2, general sensory processing; FACTOR 3, emotional and behavioral self-regulation; FACTOR 4,
supervision, correction of actions and problem solving; FACTOR 5, inhibitory control.

Table 5 | Floor and ceiling effect: percentage of minimum and maximum values.

Total score
FACTOR 1 score
FACTOR 2 score
FACTOR 3 score
FACTOR 4 score
FACTOR 5 score

n

Mean

SD

Median

Min

Max

N of min

N of max

% of min

% of max

1,707
1,722
1,725
1,720
1,722
1,728

43.07
10.21
2.71
7.57
15.25
7.42

18.32
10.75
4.54
4.80
5.21
4.66

38
6
1
7
16
7

6
0
0
0
0
0

136
46
31
23
29
22

2
189
615
33
6
70

4
4
4
4
7
4

0.12
10.98
35.65
1.92
0.35
4.05

0.23
0.23
0.23
0.23
0.41
0.23

FACTOR 1, executive attention, working memory and initiation of actions; FACTOR 2, general sensory processing; FACTOR 3, emotional and behavioral self-regulation; FACTOR
4, supervision, correction of actions, and problem solving; FACTOR 5, inhibitory control. N of min, number of minimum values; N of max, number of maximum values; % of min,
percentage of minimum values; % of max, percentage of maximum values.

>0.70 indicates adequate discrimination. Figure 1 shows the
ROC curve used to determine the predictive value of the EPYFEI
scale for the diagnosis of children with a neurodevelopmental
Frontiers in Pediatrics | www.frontiersin.org

disorder. The area under the curve was >0.8. Table 7 depicts the
calculation of the cut-off points of the total score for the EPYFEI
scale according to the different levels of sensitivity and specificity.
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Table 6 | Average scores of healthy children and children with a disorder.
Typical

Total score
Score FACTOR 1
Score FACTOR 2
Score FACTOR 3
Score FACTOR 4
Score FACTOR 5

Disorder

Difference

95% CI diff

n

Mean

SD

n

Mean

SD

Mean

Ll

Ul

D Cohen

p

1,336
1,342
1,345
1,343
1,342
1,347

37.85
6.58
1.72
6.81
16.08
6.67

13.07
6.84
2.62
4.35
4.69
4.30

371
380
380
377
380
381

61.89
23.03
6.19
10.29
12.34
10.06

21.86
12.17
7.34
5.33
5.87
4.92

24.04
16.44
4.47
3.48
−3.74
3.39

22.27
15.17
3.72
2.89
−4.38
2.85

25.82
17.73
5.22
4.06
−3.10
3.94

1.60
2.05
1.22
0.76
−0.75
0.76

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

95% CI diff, 95% confidence interval of the difference; Ll, lower limit; Ul, upper limit; FACTOR 1, executive attention, working memory and initiation of actions; FACTOR 2, general
sensory processing; FACTOR 3, emotional and behavioral self-regulation; FACTOR 4, supervision, correction of actions and problem solving; FACTOR 5, inhibitory control.

limitations in specific areas or global limitations for personal,
social, academic, or occupational functioning. The interest of
the EPYFEI is relevant for the early care of individuals with neurodevelopmental disorders, whose prevalence is considered to
be 4.5% in individuals aged 0–5 years and to be as high as 18.5%
in individuals aged 6–10 years. The most common pathologies
are ADHD (5.36%) and language disorders (3.42%) (48). At present, there are still many children who reach school age with a
developmental disorder that has not been previously diagnosed
and consequently without benefiting from early care services
and programs. In addition, this questionnaire was designed to
be used in primary care pediatric services, and can be easily
included in monitoring programs for healthy children.
At present, the SP2 is the only standardized instrument
validated and adapted to the Spanish population that can be
used to assess the sensory processing of children aged between
3 and 14 years (42). Interestingly, conventional tests used to
assess executive functions have been criticized for their lack of
ecological validity (11). Most of them have focused essentially
on experimental paradigms, requiring relatively easy responses
to simple tasks, far from the demands of activities of daily living. These types of tests do not make it possible to discern which
is the real functional repercussion of the executive functions
or deficits that a person may have (11). With this regard, the
EPYFEI questionnaire, which assesses sensory processing, was
also aimed at evaluating executive functions of children in their
daily activities in their context. It focuses on a family perspective, demonstrating that parents are able to report on their
children’s skills compared to other children of the same age.

Figure 1 | ROC curve with which to determine the predictive value of the
assessment of sensory processing and executive functions in childhood
scale in the diagnosis of children with a disorder.

The optimum cut-off point, which leads to a maximum Youden
index, was 46.5 points. The Spanish version of the EPYFEI can be
found in Table S1 in Supplementary Material.

DISCUSSION
In this study, we explored the psychometric properties of the
EPYFEI, a new instrument to assess sensory processing and
executive functions in children aged between 3 and 11 years.
After analyzing its items, 34 of the original 108 items were
retained in the final version. Results indicate that this questionnaire has good psychometric properties in terms of validity,
reliability, and discriminant value for children with typical
development and children with neurodevelopmental disorders.
Furthermore, the design allowed the development of cut-off
scores for the EPYFEI.
Neurodevelopmental disorders are alterations that interfere
with the proper maturation and functioning of individuals.
They occur from birth and early childhood and do not always
show structural lesions. Currently, the DSM-5 has adopted the
use of this term to replace the previous term, which referred to
disorders with onset in childhood or adolescence. Such disorders are characterized by deficits in development and lead to
Frontiers in Pediatrics | www.frontiersin.org

Reliability and Validity

The five subscales or factors demonstrated have good internal
consistency and reliability. They obtained good psychometric values for the individual factors (Attention, Working Memory and
Initiation of Actions, Emotional and Behavioral Self-Regulation,
Sensory Processing, Supervision, Correction of Actions and
Problem Solving, and Inhibitory control) and for the total score
of the questionnaire. As regards the subscales, some sensory
domains proved to be more reliable than others. The lowest alpha
scores were obtained for inhibitory control (0.71–0.75).

Discriminant Validity

This study provides preliminary evidence of the discriminant
validity of the EPYFEI. Validity was demonstrated by the fact
7
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Table 7 | Cut-off points of the assessment of sensory processing and executive functions in childhood questionnaire.
Disorder is ≥
7.5
16.5
29.5
46.5
55.5
63.5
70.5
77.5
90.5
112.0

Sensitivity %

Specificity %

Youden I

TP

FP

TN

FN

PPV

NPV

1.000
0.995
0.949
0.749
0.617
0.450
0.307
0.210
0.086
0.022

0.001
0.016
0.280
0.781
0.908
0.957
0.975
0.987
0.996
0.999

0.001
0.011
0.229
0.531
0.525
0.407
0.283
0.197
0.083
0.021

244
243
232
183
151
110
75
51
21
5

0
1
12
61
93
134
169
193
223
239

2
21
353
985
1,144
1,205
1,229
1,243
1,255
1,259

1,258
1,239
907
275
116
55
31
17
5
1

100.0
99.5
94.9
74.9
61.7
45.0
30.7
21.0
8.6
2.2

0.1
1.6
28.0
78.1
90.8
95.7
97.5
98.7
99.6
99.9

No. with disorder, 371; No. typical, 1,336; Total no., 1,707.
Youden I, Youden index; TP, true positives; FP, false positives; TN, true negatives; FN, false negatives; PPV, positive predictive value; NPV, negative predictive value; in bold type, data
corresponding to maximum Youden index.

that the scores of children with neurodevelopmental disorders
significantly differed from those of children with typical development. The total score obtained for the EPYFEI makes it possible
to consistently differentiate children with typical development
from those with neurodevelopmental disorders, with the cut-off
point having been established at 46.5.

which explained 22.2% of the variance; (2) being emotionally
reactive, which explained 6.1% of the variance; (3) hypotonia
and reduced resistance, which explained 4% of the variance;
(4) oral sensitivity, which explained 3.3% of the variance; (5) inattention, which explained 2.7%; (6) low register, which explained
2.6%; (7) sensory sensitivity, which explained 2.5%; (8) sedentary behavior, which explained 2.3%, and (9) perception and
fine motor skills, which explained 2.1% (50). When compared
to the short SP2, there is a similarity between the items found in
several factors. The first factor of the SP, called “sensory searching,” reflects some behaviors with a lack of inhibitory control
that could also be conceptualized as executive functions. Some
examples are excessive movement and interference with daily
activities, the performance of excessively risky activities while
playing, the continual search for activities involving movement,
finding enjoyment in making noises, and always touching things
or other people. The second factor indicated by Dunn and
Brown as being emotionally reactive could be equivalent to our
third factor, called “emotional and behavioral self-regulation or
self-control” (e.g., poor tolerance of frustration, oversensitivity
to criticism, etc.). However, we found only one specific factor
related to sensory processing. This factor included only one
item related to visual processing, two items related to vestibular
processing, and four items related to tactile and proprioceptive
processing in the EPYFEI. Moreover, the correlation analysis
showed a positive and high correlation between the total score
obtained for the EPYFEI and all its factors and the total score
for the short SP2. We also observed a strong and positive correlation between the sensory and behavioral scale of the short
SP2 and the executive attention-working memory, supervision
and problem solving, and inhibitory control subscales of the
EPYFEI. This correlation was not found with the behavioral and
emotional self-regulation factor.
There is no reduced version of the parent-reported sensory
processing measure-preschool (SPM-P) and sensory processing
measure (SPM) (51). This instrument has not been adapted to the
Spanish culture and no evaluation studies have been carried out
with the Spanish population. Nevertheless, a similar exploratory
factor analysis to that presented for the EPYFEI was conducted
with the American version. The SPM-P includes 75 items grouped
into eight dimensions: social participation, sight, hearing, touch,

Construct Validity

Overall, the EPYFEI and each of its subscales showed good construct validity. The factor analysis confirmed two basic executive
functions: (1) “cold” executive functions: executive attentionworking memory, supervision, and problem solving, and inhibitory control and (2) “hot” executive functions: emotional and
behavioral self-regulation. It also established the importance of
proprioception, tactile, and vestibular processing for the performance of and participation in daily activities of children aged
between 3 and 11 years.

Description of the EPYFEI

The final scale is composed of 34 items, which are grouped into
five factors or dimensions: (1) Attention, working memory, and
initiation of actions, which includes 11 items; (2) global sensory
processing, particularly tactile, proprioceptive, and vestibular
information, with seven items; (3) emotional and behavioral
self-regulation, which includes five items; (4) organization,
execution, supervision, and problem solving in activities of daily
living, with six items; and (5) inhibitory control, with five items.
Interestingly, the EPYFEI has the same number of items as the
short SP2. The short SP2 is specifically divided into two dimensions. One dimension is sensory processing, with 14 items and
the other one is related to behavioral responses associated with
sensory processing and contains 20 items. Unfortunately, we
were unable to find the results of any exploratory or confirmatory factor analyzes of the Spanish version of the short SP2 that
may have explained the construct validity of this instrument.
A confirmatory factor analysis of the English version of the SP2
concluded that this instrument adjusts well to the four dimensions of the sensory processing model: seeker, avoider, sensitive,
and low register (49). An exploratory factor analysis of a previous version of this instrument, the sensory profile (SP), revealed
a 9-factor solution. The factors were (1) Sensory searching,
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taste and smell, proprioception, vestibular, planning, and ideation. The exploratory factor analysis of the American version of
the SPM-P showed 8 factors, of which the first explained 20%
of the variance, labeled as “problem behaviour;” the second
referred to social participation, the third to proprioception, and
the fourth to planning and ideation. The items regarding hearing,
vestibular functions (i.e., balance and movement), and sight had
less explanatory weight. Moreover, there is no factor related to
touch, since these items are distributed among other factors, as
also occurs with the items regarding taste and smell (52). The
SPM also has 75 items, which are grouped into the same eight
dimensions as in the SPM-P. The factor analysis of this instrument identified seven factors. The main one refers to problem
behavior and explained 27.7% of the total variance. The second
factor represents proprioception, the third is social participation,
and the fourth contains items concerning planning and the
ideation of plans of action. The items with the least explanatory
power are those that refer to audio, visual, and tactile processing.
The authors of the questionnaire reached no conclusions as to
what the fifth factor may refer to. None of the factors appeared
to clearly show the items of balance and movement. Once again,
similarly to what occurs with the SPM-P, the items related to taste
and smell were not contained in any of the factors (51). Both studies have the same factors for preschool and school-aged children.
The results mentioned above could be considered similar to
those that we obtained in our study, since problem behavior is
usually the product of alterations concerning attention and the
self-regulation or self-control of behavior.
Furthermore, the factor analysis of the EPYFEI showed three
of the factors contained in the CHEXI (41): working memory,
regulation, and inhibition. There was also a positive and strong
correlation between the executive attention-working memory
factor of the EPYFEI (Factor 1) and the working memory, inhibition, and regulation scales of the CHEXI. Both the total score
of the EPYFEI and its executive attention and working memory
subscale had a positive and strong relationship with the BASC
attention problems subscale (39). Moreover, the BASC atypicality subscale was strongly and positively correlated with the total
score and the EPYFEI executive attention-working memory and
emotional self-regulation subscales. Finally, there was also a
high and strong correlation between the results obtained for the
inhibition subscale and the total score obtained for the EPYFEI
with the hyperactivity subscale. This could be interpreted as
support for evidence that the EPYFEI is able to distinguish
between neurodevelopmental disorders (e.g., ADHD, ASD,
LSD) and developmental delay, which were included in our
clinical sample.

The use of questionnaires may be a first step in the identification process that is relatively quick, low cost, and easy to implement. Moreover, the EPYFEI is useful to obtain information
about the daily performance of sensory processing and executive
functions. It is a reliable and valid instrument with the potential
to assist in the early detection of children with sensory processing and executive function disorders.
An advantage of the use of EPYFEI is that when parents
answer the questionnaire they develop a greater awareness of the
importance of diversions from typical development in their children. Their responses are very important because they know the
most important milestones of their children’s development (48).
Our results showed that executive functions are essential for
the performance of everyday activities in children aged between
3 and 11 years. These cognitive processes can explain a greater
amount of variability between children with typical development
and those with neurodevelopmental disorders than sensory
processing does. Additionally, it seems that tactile, proprioceptive, and vestibular processing are better able to screen for neurodevelopmental disorders in that age range than other sensory
processing patterns (e.g., visual, hearing, oral). In this regard, the
EPYFEI could be useful as a first step such as screening, when
there is a clinical need to determine if there is or not a dysfunction in performance. If the screening with EPYFEI is positive, the
following steps could include the use of other tools that confirm
which neurodevelopmental disorder we are dealing with.

LIMITATIONS AND FUTURE WORK
Although this study analyzed a clinical sample, further research
with several larger groups of children with neurodevelopmental
disorders is necessary. It would also be advisable to carry out prepost treatment studies in order to determine the sensitivity of the
EPYFEI as a measure of the results of treatment.
It would also be interesting to carry out future studies with
a confirmatory factor analysis of the EPYFEI. We consider that
it would be very useful to be able to develop a questionnaire for
babies and another one for teachers that will enable the latter to
assess the sensory processing and executive functions of children
in the school context.

CONCLUSION
The EPYFEI makes a unique contribution to the understanding
of neurodevelopmental disorders, in which simultaneous difficulties concerning sensory processing and executive functions
in activities of daily living occur in children. The instrument
provides a means to distinguish children with neurodevelopmental disorders from those with typical development. The
psychometric results confirm its internal consistency, test–retest
reliability, construct validity, and discriminatory validity according to the information provided by parents. All of this can lead
to a potential reduction in health spending and/or investment as
well as in the clinical occurrence of mental and physical health
problems. In the area of education, the use of this measure could
improve inclusive education through a better understanding
neurodevelopmental disorders. From a time-related perspective,

Implications in Practice

The early identification of children who are at risk of having a
deficit of executive functions and sensory processing has important clinical implications. First, because these deficits have been
associated with the later diagnosis of a neurodevelopmental
disorder (18). Second, because such identification would facilitate
the commencement of appropriate treatment, thus preventing
future consequences in the development of both preschool and
school children.
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it may lead to an opportunity to provide an early response to the
needs of children and their families using a multidisciplinary
approach agreed by consensus, thus avoiding the long process of
attempting to find the right treatment. Future studies should aim
at providing evidence of its use in other clinical populations and
its cross-cultural validity.
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