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The aim of this study was to determine the psychometric properties of the Assessment of Sensory Processing and Executive Functions at the School (EPYFEI-Escolar), a questionnaire designed to assess the sensory processing and executive functions as underlying processes for school participation. The total sample consisted of 536 children aged between 3 and 11 years old who lived in Spain. A total of 103 teachers completed the questionnaire. An exploratory factor analysis was conducted, which showed five main factors: (1) initiation, organization, execution, and supervision of the action; (2) inhibitory control; (3) sensory processing; (4) emotional self-regulation and play; and (5) self-competence. Some of these factors were similar to those found in the EPYFEI for parents in the home context. The reliability of the analysis was high, both for the whole questionnaire and for the factors it is composed of. The results provide evidence of the potential usefulness of the EPYFEI-Escolar in school contexts for determining academic needs and difficulties of children; moreover, this tool can also be used to plan intervention programs in the school environment according to the needs of each child and school.
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INTRODUCTION

The participation of people in the different stages of life is fundamental for their development. In the case of childhood, the participation of a child in the school context is especially important (1). Several elements that can contribute to it have been pointed out, among which it is worth highlighting sensory processing (2) and executive functions (3). Disability in childhood is another risk factor that can reduce participation at the school (1).

Sensory processing refers to how the central and peripheral nervous systems organize the incoming sensory information from the sensory organs: visual, auditory, tactile, gustatory, olfactory, proprioceptive, and vestibular information (4). Three different stages can be distinguished within sensory processing: (1) detection of stimuli; (2) modulation or regulation of the intensity level of the stimuli; and (3) sensory discrimination (5, 6). Thus, it is considered that sensory processing allows registering and interpreting what happens in the environment to generate an adaptive response, integrating and processing the obtained information, and developing specific skills depending on the vital moment and on the required activity (7). From the perspective of sensory integration, sensory stimuli are considered essential for the optimal functioning of the brain, as the experiments have shown the effect of sensory deprivation on human behavior, having an even more important effect in relation to the development of specific abilities and their critical periods, for example for vision, hearing, language, etc., and to maintain optimal health status, too (8–13).

According to Dunn's model of sensory processing, four sensory profiles have been proposed for the general population as a function of the neurological threshold and the self-regulation strategies of each individual. From this perspective, the neurological threshold refers to the threshold for response to a sensory stimulus, which can be described as showing a continuous range from low to high. A person is considered to show a low sensory threshold when they notice and respond quickly to sensory stimuli. This threshold can be different for each sensory modality. Instead, it is understood that a person with a high neurological threshold requires a more intense and/or frequent sensory stimulation to notice it. Neural regulation or modulation is produced by the balance of excitation and inhibition. In Dunn's model, Thus, four types of sensory profiles have been distinguished: (1) individuals with a high neurological threshold and active self-regulation strategies, with a seeking sensory; (2) individuals with a high neurological threshold and passive self-regulation strategies, which show a bystander sensory profile; (3) individuals with a low neurological threshold and active self-regulation strategies, showing an avoider sensory profile; and (4) individuals with a low neurological threshold and passive self-regulation strategies, with a sensory sensitivity profile (14, 15). In children, difficulties in sensory processing affect their participation at all levels, with a significant impact on school activities (16). This can generate problems in social relations, since these situations require interpreting facial expression, verbal communication, and body language in order to give an appropriate behavioral response to the situation (17, 18), both in the classroom and in the schoolyard or playground. In this sense, the teaching staff could collaborate in the detection of deficiencies in executive functions and sensory processing, with the aim of understanding how these children perceive the context, in order to teach them learning strategies according to their sensory characteristics (2).

Sensory processing can be affected in multiple neurodevelopmental disorders in childhood, such as attention deficit and hyperactivity disorder (ADHD) and autism spectrum disorder (ASD), among others (19, 20). Alterations in sensory processing are present in 15% of the general population (21) and in 95% of cases in populations with neurodevelopmental disorders (22). Alterations in any of the stages of sensory processing can generate a learning dysfunction or difficulty (4). In this sense, it has been reported that there is a strong relationship between learning problems, language difficulties, sensory integration, motor problems and adaptive behavior in the classroom (23, 24). Regarding autism, several authors have found a correlation between sensory processing and repetitive behaviors (25), showing a relationship between an atypical sensory functioning in the classroom and atypical sensory responses, emotional perception and rigid thoughts, accompanied by restrictive thoughts and anxiety symptoms (26, 27). Children with autism mainly show sensory modulation problems, with different responses grouped into three patterns (28, 29): (a) sensory hyporesponsiveness (i.e., low or absent reactions to stimuli); (b) sensory hyperreactivity (high sensitivity or aversive reactions to stimuli); and (c) restricted sensory interests, repetitions, and search for behaviors (intense fascination with specific stimuli, longing for repetitive stimuli, or sensory actions based on body parts or objects). With respect to children with ADHD, sensory search patterns have been observed, which, along with the sustained attention deficit, could contribute to the emergence of difficulties in the school environment, with fluctuations in the academic performance and problems in social activities (30). It has also been reported that these children may have difficulties to identify the fingers, which has been associated with reading problems and dyscalculia (30), whereas clumsiness and the lack of motor skills, detected with graphesthesia, hinder the learning of abstract verbal concepts and calculation operations (30).

Recent studies suggest that it is fundamental for occupational therapists to expand their predominant traditional perspective, which is almost exclusively focused on understanding the difficulties in the daily functions on sensory processing/integration, in order to include executive functions (1) and reflect on the relationship between sensory deficiencies and executive functions in the performance and participation in the different activities (30). Furthermore, it has been highlighted that the traditional paradigm, which considers disorders as excluding categories, must be replaced with a different paradigm that contemplates the underlying neurobiological mechanisms, beyond a group of symptoms, to allow understanding disorders by the concurrence of phenotypes, where one symptom can be common to different disorders, such as difficulties in sensory processing (17). Thus, a strong and positive relationship has been observed between difficulties in sensory processing and deficiencies in executive functions in children with neurodevelopmental disorders (31, 32). The results of these studies show that difficulties in sensory processing and in executive functions usually come together. In this sense, it has been suggested that inhibitory control and executive attention play a crucial role in the regulation of sensory processing (33), and that tactile sensitivity can be considered as an indicator of behavioral self-regulation (34).

In the school environment, high academic performance has been associated with an optimal development of executive functions (EF), (30), especially relevant in subjects such as mathematics (35) and language (reading) (36, 37). EF are a complex set of processes that lead and monitor our actions (38). Several authors have described two types of EF: basic and advanced (39–41). Within the basic EF, three processes have been distinguished: working memory, inhibitory control, and cognitive flexibility. Regarding complex EF, planning, problem-solving, and reasoning have been included (39, 42). EF allows us to regulate our thoughts and actions in order to achieve a certain goal, in purposeful activities. For this, it is essential to keep the information active, and monitoring and updating it in our working memory in order to carry out the intended action. Inhibition let us suppress in a controlled way those distractors that can prevent us from achieving the objective of a certain task (39, 42). Likewise, EF allows a flexible behavior according to the demands of the context or activity. In daily life, in addition to basic EF, complex EF are needed, such as reasoning about the actions that will be carried out, planning and sequencing each one, and once the plan has been implemented, solving the problems that may occur in the course of time and activity (43, 44).

In summary, EF allows goal-directed behaviors, which are essential in all activities of daily living (ADL), school activities, or playing, among other human occupations. EF depend on the development and maturation of the frontal areas of the brain (45) and play a fundamental role in learning (46). In fact, one of the essential pillars of the success of classroom intervention programs is that they contemplate the development of executive functions with the aim of normalizing such behavior in the educational context, reducing the problems related to disruptive emotional, and social behaviors that could affect academic performance, such as the lack of inhibitory control, the presence of defiant conduct, and their emotional or behavioral regulation or self-control (1, 47, 48). Therefore, cognitive functions are understood as relevant skills that help children to value their performance, to be aware of their own actions and competence, and to identify and overcome possible obstacles with the aim of improving. Most children apply these skills automatically, whereas children with ADHD, for instance, require specific intervention to develop them (49). Executive functions consist of both cognitive and emotional components, and they are fundamental for the regulation of goal-targeted behavior (45, 50). Thus, they can be understood as underlying processes required for the effective performance of ADLs (51, 52), including self-directed, complex and non-routine activities in varied situations and environments (44). Therefore, further research is necessary in the field of executive functions and their influence on daily activities, highlighting the need for occupational therapists to design assessment tools for executive functions and intervention protocols, carrying out interventions based on specific evaluations that analyze the real daily performance (44). It is important to have useful tools that allow obtaining this information in an integrated way, in line with the usual childhood activities and contextualized in the school environment, since this is one of the most relevant contexts in childhood, along with play.

The study of EF in Occupational Therapy (OT) is an emerging topic in general, and specifically in children (44), as reflected the small number of instruments available to assess them (53, 54). Regarding to OT, the objective of assessment of EF is functional cognition (55). That is, the interest is to know how the different mental processes are carried out in a given context and with demands that are usually multitasking (53), rather than isolated processes, which can be better assessed with experimental laboratory tasks (54, 55). In OT, the focus is to know the impact of cognition on daily life (56), with the greater ecological validity and predictive value about functioning in the real world (57, 58).

Although there are instruments available for evaluating EF through questionnaires such as BRIEF (59), CHEXI (60), etc., these questionnaires have mainly considered cognitive processes and from OT perspective, children assessment is often focused on models of sensory processing (61, 62). However, the brain works as a whole in terms of sensory and cognitive processing, as recent studies of the human connectome show (63–65). Despite on this, and for the knowledge of the authors, there is only an instrument, developed for children aged between 3 and 11 years that assesses their participation in the different ADLs from the parents' perspective, called EPYFEI (51). This questionnaire is composed by five processes underlying the performance of ADLs: (1) attention control, working memory, and initiation of actions; (2) sensory processing; (3) emotional and behavioral self-regulation; (4) supervision, action corrections, and problem-solving; (5) inhibitory control.

All the above mentioned contributes to raising awareness about the importance of having assessment tools that allow obtaining this information and the relevance of helping the teachers to detect whether any of their students have a problem at the executive and/or sensory level, and, consequently, derive the child to the specific professional for early intervention. The aim of this study was to develop an instrument for the joint assessment of sensory processing and executive functions in children of school age, i.e., the EPYFEI-Escolar, that could be useful to teachers and occupational therapists and which would allow determining if a child had any difficulties that could affect his/her participation at the school, regardless of whether there was a clinical diagnosis.



METHODS

The methods used for the design and evaluation of the metric properties of the EPYFEI-Escolar questionnaire were based on the quality criteria for the measurement properties of health status questionnaires (66).


Content Validity

The development of the EPYFEI-Escolar began with a literature review, followed by a meeting with three occupational therapists, three early childhood and primary education teachers and a neuropsychologist. Initially, 74 items were listed, which were based on the different theoretical dimensions of sensory processing and executive functions. Then, two rounds of consultation were conducted with three occupational therapists experts in sensory integration and four teachers (one from early childhood education, two from primary education and one from special education, all of whom worked in the public education system). In the first round, the number of items was raised from 74 to 85, the writing of some of them was modified and some autism-specific items were discarded, since the instrument to be developed was intended to be useful for the different neurodevelopmental disorders (ADHD, ASD, SLI, dyspraxia, etc…). In the second round, the questionnaire was reduced to the 80 self-administered items with which the initial form was created and with which the evaluation process was initiated. The completion of this form required between 25 and 30 min. All the consultations with the occupational therapists were conducted online and/or via phone call to verify the information provided when this was necessary. With respect to the teachers, all the consultations were carried out face-to-face. The teachers did not receive any type of compensation for participating in the study.



Study Population

The sample was constituted by 536 children, of whom 366 were “typical” healthy children and 170 were diagnosed with some neurodevelopmental disorder (ADHD, ASD, generalized developmental syndrome, developmental delay, or other difficulties). The sample of teachers was selected from an intentional sampling of different public educational centers of the province of Toledo, which belong to the Community Government of Castilla-La Mancha (Spain), and of the provinces of Jaén, Málaga, and Granada, which belong to the Government of Andalusia (Spain). The project was initially presented to the management team of each educational center; once the interest of the study to the educational community was considered, we requested the approval of the school board of each of the participating centers. Each main classroom teacher was asked to fill in at least five questionnaires. In the case of special education teachers, they were requested to complete the questionnaires of children diagnosed with ADHD and/or ASD with known special educational needs. The main classroom teachers were required to have been in contact with each of the evaluated children for at least 3 months. This was especially important in those who went to school for the first time, since the adaptation period must be taken into account. Among the several disorders related to disruptive behaviors in school-age children, ADHD, and ASD are the most prevalent (67, 68). On the other hand, ADHD and ASD are frequently comorbid, between 50 and 80% of cases, showing an increased risk of behavioral and emotional problems (67). Furthermore, adverse consequences are especially relevant in children with ASD who do not receive support from teachers (68). Therefore, the inclusion of a clinical group and a group with neurotypical development will allow us to study the discriminant validity of the questionnaire. The field work was carried out between April 2017 and June 2019.

To analyze the repeatability and validity of the construct, 65 children from several educational centers of Andalusia were selected, whose teachers were given the EPYFEI-Escolar questionnaire between March and April 2019. Of these 65 children, the re-test was obtained in 59 cases, between 20 and 25 days after the initial administration. Furthermore, the Spanish version of the Children's Executive Functions questionnaire (CHEXI) for parents and teachers (60, 69) and the Spanish version of the Sensory Profile-2 (SP-2) for teachers, known as School Companion (14), were completed.



Data Gathering

The participating teachers were gathered face-to-face in a first meeting, in which the purpose of the study and the questionnaire were explained and where the doubts derived from these were solved. Those who agreed to participate gave their consent and were given the questionnaire, which was required to be completed in 25–30 min. In addition to the items of the EPYFEI-Escolar questionnaire, information about the age, clinical diagnosis, school level, province, locality, and country of origin of the child was also gathered. The study was approved by the Human Research Ethics Committee of the University of Granada (code 449/CEIH/2017).



Development of the Final Questionnaire and Internal Consistency

An initial factor analysis was conducted with the aim of identifying the important domains or concept areas, reduce the number of items if possible and determine which of them should be kept. To decide on the relevance of the factor analysis, we estimated the sample adequacy statistic of Kaiser-Meyer-Olkin (acceptable for values >0.5) and the Barlett's sphericity test. The structure was evaluated by means of an exploratory factor analysis using oblimin rotation, with maximum likelihood extraction, and applying the rule of eigenvalues >1.8 to determine the number of factors. The items were removed if they had factor loadings <0.40 with their own factor, or if they were not discriminatory for presenting similar factor loadings in several factors. The process for removing the items was to remove them one by one by performing a factor analysis repeatedly at each step. The answer options to each item (question) were based on an ordinal five-point scale (0 = never; 1 = almost never; 2 = sometimes; 3 = almost always; 4 = always), with the higher answer codes being the most favorable ones. Some items presented a very low “missing” percentage (below 0.5%), so a missing value imputation was conducted by means of a single imputation procedure. To determine the internal consistency (that is, the homogeneity of the items that measure the same attribute), Cronbach's alpha was calculated for the questionnaire and for each of the factors found in the factor analysis. A Cronbach's alpha of 0.70–0.95 was generally considered to correspond to a good internal consistency.



Construct Validity

The validity of the construct refers to the relationship of the scores of the questionnaire with measurements of other questionnaires, in agreement with the theoretical hypotheses derived from the concepts that are being measured. To this end, the EPYFEI-Escolar questionnaire was correlated to CHEXI (60) and Sensory Profile-2 School Companion (14). CHEXI is a questionnaire aimed to evaluate executive functions in childhood, and it can be used by both teachers and parents. It consists of 24 items grouped into four factors: working memory, planning, inhibition, and regulation. This instrument has good psychometric properties, with a good internal consistency for both teachers and parents, a clear factor structure and a good predictive value on academic performance (60). On the other hand, SP-2 is a questionnaire designed to identify the characteristics of sensory processing in daily life. The Spanish version of this questionnaire can be used for the evaluation of children aged between 3 and 14 years. It consists of two models for parents (a long version and a short version, known as Short-SP-2), and one model for teachers (Sensory Profile-2 School Companion). The model for teachers consists of 44 items, distributed into five dimensions (auditory processing, visual processing, tactile processing, movement processing and behavioral response), with a reliability coefficient of 0.90 for the Spanish population, and it showed a good test-retest reliability for each profile: sensory avoiding (0.93), sensory sensitivity (0.73), sensory seeking (0.76), and low registration (0.84); school factor 1 (0.83), school factor 2 (0.67), school factor 3 (0.86), and school factor 4 (0.91) (14).

The hypothesis was that the EPYFEI-Escolar questionnaire would strongly correlate to the Sensory Profile-2 School Companion (especially to school factors 1, 2, 3, and 4, which refer to the need for support in the classroom, attention in the classroom, tolerance to the school environment and willingness to learn) and that it would show a lower correlation with the profiles of sensory seeking, sensory avoiding, sensory sensitivity, and low registration. Likewise, it was hypothesized that EPYFEI-Escolar would have a strong correlation with CHEXI. Lastly, it was established that EPYFEI-Escolar would allow discriminating between children with and without difficulties in the school context associated with their executive functions and sensory processing. To this end, Spearman's correlation tests were carried out, considering Rho >0.7 as a good value.



Test-Retest Reliability

To determine the reliability of the questionnaire, the intraclass correlation coefficient (ICC) was used, with a 95% confidence interval, between the scores of the test and those of the re-test, in order to evaluate their temporal stability, considering ICC >0.7 as a good value.



Floor and Ceiling Effects

In this study, floor and ceiling effects refer to the percentage of children who had the highest or lowest possible scores. The percentages of children with the highest and lowest possible scores in the total of the EPYFEI-Escolar and in each of the four dimensions were calculated. These effects were considered to be present when 15% of the participants presented minimum or maximum scores, which reduces the reliability of the instrument, since the participants with extreme scores cannot be distinguished from one another.



Interpretability

The difference in the total score of the EPYFEI-Escolar and in the score of each of its five factors between typical (healthy) children and those with pathologies was analyzed using the Mann-Whitney's U-test. In addition, the ROC curve of the total score was also calculated, in order to determine the capacity of the instrument to predict whether a child is healthy or not. An additional analysis was conducted to determine the best cut-off scores. To determine the cut-off points, the coordinates of the ROC curve (sensitivity and 1-specificity) were calculated for successive scores of the total EPYFEI-Escolar score with respect to the correct classification of the child's clinical status (Healthy = neurotypical or with neurodevelopmental disorder = TEA and/or ADHD). The range of scores was between 7 and 176 points. From these data, the specificity and the Youden Index = sensitivity + specificity – 1, were calculated. The value of the EPYFEI-Escolar score corresponding to the maximum Youden index, that is, to the sensitivity and specificity, was considered as the optimal cut-off point higher.



Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 23.0, IBM Corp., Armonk, NY). Statistical significance was set at p < 0.05 (bilateral). The characteristics of the participants were analyzed using simple descriptive statistics.




RESULTS


Sample Description

Table 1 includes descriptive data of the 536 children selected by the teachers who participated in the development of the EPYFEI-Escolar questionnaire. Of the total sample, 68.3 % (n = 366) were healthy children, with a majority of male children (68.3 %; n = 366). The average age was 7.5 ± 2.5 years (minimum 3 years, maximum 11 years), with a larger proportion of children aged between 8 and 10 years (40.7%; n = 218). Regarding the country of origin, 93.7% (n = 502) of the children were born in Spain.


Table 1. Sample description.
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Factor Analysis and Internal Consistency

Table 2 shows the results of the factor analysis of the five factors identified, the factor loading of each of the items, the “missing” percentage and the eigenvalues and Cronbach's alphas of the factors, as well as the explained variance after rotation. The “missing” percentage was very low in all the items (below 0.5% in all cases). A solution of five factors was reached, which were named as: (1) Initiation, organization, execution, and supervision of the action; (2) Inhibitory control; (3) Self-Regulation and play; (4) Sensory processing; and (5) Sense of competence. All the items in each factor showed a rotated factor loading over 0.4. All the factors obtained an eigenvalue above 1.8 and a Cronbach's alpha of 0.68 or higher. The total percentage of the explained variance after rotation was 62.6%. The final questionnaire derived from the factor analysis included 54 items. Given that several items of factor 1 (items 16, item 21, and items 22) had negative loadings, the data were analyzed with the inverse score for those items. The correlation between the different factors of the instrument was calculated using the Spearman's Rho test. Factor 3 (Self-regulation and play), correlated negatively with the rest of the factors (Factor 1: −0.681, p < 0.001; Factor 2: −0.453; p < 0.001; Factor 4: −0.537; p < 0.001; Factor 5: −0.348; p < 0.001), so the scale was reversed for the items in factor 3 to calculate the total scale score.


Table 2. Results of the factor analysis.
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Discriminant Validity

Table 3 compares the Spearman's correlations between the total score of EPYFEI-Escolar and the score of each of its factors with the scores of the CHEXI and SP2 questionnaires. The results show that the total score obtained by EPYFEI-Escolar was strongly and positively correlated to each of the subscales of SP-2: sensory seeking (0.71; p < 0.001), sensory avoiding (0.69; p < 0.001), sensory sensitive (0.71, p < 0.001), low registration (0.72 p < 0.001), and behavioral response (0.79; < 0.001). Likewise, the total score of EPYFEI-Escolar showed a strong and positive correlation with the four factors of CHEXI: planning (0.76; p < 0.001), working memory (0.79; p < 0.001), regulation (0.72; p < 0.001), and inhibition (0.85; p < 0.001).


Table 3. Correlation between the scores of EPYFEI-Escolar, CHEXI, and SP2 (n = 59).
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Test-Retest Reliability

Table 4 shows the test-retest differences in the total score and in the five factors of the EPYFEI-Escolar questionnaire, along with the ICC. All the differences were very small and statistically non-significant. The intraclass correlation coefficients were higher 0.9 in all the factors and in the total score.


Table 4. Mean scores in the test and re-test, difference and intraclass correlation coefficient.
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Floor and Ceiling Effects

Table 5 shows the maximum and minimum scores of the EPYFEI-Escolar questionnaire and of its five factors, along with the percentage of individuals with maximum and minimum scores. All percentages were below 23%.


Table 5. Floor and ceiling effects: percentage of values in the minimum and maximum.
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Interpretability

Table 6 shows the average scores obtained by healthy children and by those with pathologies in EPYFEI-Escolar and in each of its five factors. As can be observed, there were significant differences between healthy children and children with pathologies, with higher scores among the latter and Cohen's D values considered as great differences in all the factors and in the total score of the questionnaire. Likewise, Figure 1 shows the ROC curve for the predictive level of EPYFEI-Escolar in the diagnosis of children with pathologies. The area under the curve was 0.869 (CI 95%, 0.838–0.9).


Table 6. Mean scores in typical children and in those with disorders.
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FIGURE 1. ROC curve used to determine the predictive value of the assessment instrument for sensory processing and executive functions in childhood in the diagnosis of children with a disorder.


Table 7 shows the cut points of the total score of EPYFEI-Escolar as a function of the different levels of sensitivity and specificity to correctly classify healthy children and those with pathologies based on sensory processing and executive functions. The optimal cut-off score, which produced the maximum Youden's index (maximum sensitivity and specificity) was 68.5 points.


Table 7. Cut-off points of the assessment of sensory processing and executive functions for school questionnaire (EPYFEI-Escolar).
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DISCUSSION

In this study we explored the psychometric properties of the EPYFEI-Escolar, a new instrument to assess sensory processing and executive functions at the school. After analyzing its items, 54 of the original 80 items were retained in the final version. The results indicate that the 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-Escolar.

The number of items in the final version of the EPYFEI-Escolar questionnaire, which was 54, was similar to that of other questionnaires for teachers about sensory processing, such as the Sensory Processing Measure (SPM) for Main Classroom Form (constituted by 62 items in the case of children in primary education and 75 items for preschool children), differing from other questionnaires, such as Sp-2 School Companion, which consists of 44 items. Regarding the SPM for Main Classroom Form, in both versions, i.e., the one for preschool children and the one for those in primary education, the items are grouped into seven theoretical dimensions: social participation, vision, hearing, touch, body awareness, balance and movement, and idea planning. The factor analysis of the SPM in the classroom for children between 6 and 11 years of age showed proprioception and the vestibular system as the principal factor for parents; a second factor comprised visual and auditory processing; another factor grouped the items of tactile processing (especially tactile hyperreaction); and two other factors included the items of praxis and social participation, with the latter being the one with the highest explanatory power in the classroom and which clearly differed from the sensory systems as a different construct (70). The SPM for preschool children showed that the factor with the highest explanatory power in the classroom was social participation, along with the factors of proprioception and praxis. Furthermore, a new factor emerged which combined items of hearing and vision, as well as one last factor about body awareness (71). The 44 items of the SP-2 for teachers, known as School Companion, are grouped into auditory processing, visual processing, tactile processing, movement, and behavioral response (14). At present, the SP2-School Companion 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 (14). However, to the best of the authors' knowledge, there are no factor studies in the literature for the Spanish version. The dimensions that are assessed through this questionnaire emerge from the theoretical proposal of the model of sensory processing, thus the initial dimensions of the questionnaire are retained. In any case, it is worth indicating that School Companion allows determining whether or not the child requires adaptations to pay attention at school, as well as the awareness and attention of the student toward the learning environment, his/her tolerance to the conditions of the learning environment and his/her willingness to learn in such environment (14).

The results of this study suggest that EPYFEI-Escolar is an optimal instrument for detecting those students, aged between 3 and 11 years, who have difficulties in their school participation based on their sensory processing, executive functions, self –regulation and self –competence, showing a specific functioning profile, with the strengths and weaknesses of each case, thus facilitating the decision-making about educational intervention or support requirements. Numerous tests based on performance for the evaluation of executive functions have been criticized due to their lack of ecological validity (58). In this sense, EPYFEI-Escolar aims to determine the repercussion of executive functions in the school context. The items were aimed to contextualize the executive functions with the demands of the classroom and schoolyard activities, as perceived by the teachers. Thus, the factor analysis of EPYFEI-Escolar produced the cognitive dimensions of CHEXI, considered as relevant for executive functions in childhood and which are included in EPYFEI-Escolar factor 1 (69): inhibition, regulation and, jointly, working memory, and planning. There was a positive and strong correlation between the factors of both questionnaires. In addition to the dimensions recognized by other questionnaires for the evaluation of executive functions, or sensory processing, which are also contemplated in EPYFEI-Escolar, two factor emerged in this questionnaire: self-regulation and play (factor 4), which explain 8.8% of the variance and the child's sense of competence in the classroom (factor 5), which explains 3.1% of the variance.


Reliability and Validity

The five factors of EPYFEI-Escolar demonstrated showed good internal consistency and reliability. They obtained good psychometric values for the individual's factors (attention, initiation, organization, and supervision of actions; inhibitory control; sensory processing; play and self-regulation; and self-competence) and for the total score of the questionnaire. The lowest α-scores were obtained for self-competence (0.60–0.72).



Discriminant Validity

The EPYFEI-Escolar questionnaire and each of its factors showed good construct validity. Similarly, in a previous work with EPYFEI (51), the factor analysis confirmed two basic executive functions: “cold” executive functions, as shown by factors 1 and 2, and “hot” executive functions, related to factors 3 and 5. In addition, the interest of sensory processing (factor 4) was established.



Interpretability

This study provides preliminary evidence of the discriminant validity of EPYFEI-Escolar. Validity was demonstrated by the fact that the scores of children with neurodevelopmental disorders significantly differed from those of children with typical development. The total score obtained for EPYFEI-Escolar makes it possible to consistently differentiate children with typical development from those with neurodevelopmental disorders and learning disabilities, with the cut-off point established at 68.5.



Description of the EPYFEI-Escolar Questionnaire

The final scale was composed of 54 items, which were grouped into five factors: (1) attention, initiation, organization, and supervision of actions, which includes 23 items; (2) inhibitory control, with 12 items; (3) self-regulation and play, which includes 7 items; (4) sensory processing with 9 items; and (5) self-competence, with 3 items.

As in previous works, the results of this study show that executive functions represent the principal factor that contributes to the child's participation in school activities (1), obtaining two factors of executive functions (46, 72): Factor 1 (initiation, organization, execution, and supervision of the action); Factor 2 (inhibitory control); and other third factor related with self-regulation and cooperation: Factor 3 (self-regulation and play). Our results are in line with those of studies that report the higher relevance of executive functions with respect to sensory processing at explaining the participation of children in different activities, especially the activities related to school learning (1). Other authors have reported a strong correlation between executive attention and self-regulation skills (23). These results are in agreement with recent suggestions, which encourage the expansion of evaluations and treatments in pediatric OT beyond sensory processing and integration, incorporating cognitive processes, and especially executive functions (44). The fact that no different factors were found between children aged 3–5 years and those aged 6–11 years could be due to the fact that the ability to solve conflicts develops throughout the period between 2 and 5 years of age, until it reaches a level similar to that of an adult at the age of 7 years (23). Likewise, it has been suggested that there is a sequential development of the executive functions, beginning with the control of motor impulses and inhibitory control (EPYFEI-Escolar factor 2), since these are present around the age of 3 years (45, 73). Children usually achieve a good interference control at the age of 6 years, along with the development of attention, which takes place fundamentally between the age of 4 and 6 years (74), although the maturation of functions of selective and sustained attention continues. Finally, cognitive fluidity and flexibility improve progressively (75). Regarding executive functions, it has been reported that, along with planning skills (4), self-regulation abilities, such as emotional inhibition, flexibility, and regulation, are more relevant for explaining the participation of children with ASD in school activities (1). This supports the factor resolution of the EPYFEI –Escolar questionnaire for teachers, where the first two factors that explain the difficulties to participate in the classroom are basic executive functions and the third factor refers to self-regulation and play. Furthermore, executive functions predict the level of reading comprehension (76). In this sense, it has been observed that children with ADHD and executive deficiencies are as twice as likely to repeat course, compared to children with a neurotypical development (77).

With regard to factor 4 (sensory processing), visual and auditory processing have been associated with the learning of reading (78). In the case of children with ASD, auditory processing, especially auditory filtering and modulation, has been related to activities such as participation in the classroom, the use of transportation, changes between two activities, etc. (78, 79). Other sensory systems which seem to be important in school participation are the tactile system (4), specifically tactile sensitivity (78), and vestibular processing (1) or movement sensitivity (78), which has been associated with defiant behaviors. Moreover, other studies have found that, according to teachers, children with ASD show greater dysfunction in social participation and praxis (4). Likewise, recent studies have stated that praxis and social participation, along with difficulties in proprioception, seem to be more characteristic of ADHD, whereas social difficulties seem to be typical of ASD, which could be related to contextual hyperselectivity, as an inherent characteristic of ASD (80).

Our results show that factors 1, 2, 3, and 5 were positively related to CHEXI and SP2. However, there was a negative correlation between EPYFEI-Escolar factor 3, which refers to emotional and behavioral self-regulation, and the behavioral dimension of sensory profiles of SP2. This could be related to the findings of other authors, who observed that internalizing disorders, high-stress levels, anxiety, depression, shyness, and negative affection (81) are related to children with sensory processing disorders usually have learning difficulties (82). Furthermore, a strong relationship was observed between hyperactivity and the search for sensations, between inattention and the low registration profile, and between behavioral disorders and the sensory sensitive profile, although, surprisingly, the correlations were negative. That is, when the score increased in a variable it decreased in the other (21). All this indicates that specific intervention programs must be developed in order to help children with functional diversity to overcome the sensory challenges that they are facing (4, 79). Lastly, with respect to sensory processing, it has been reported that the sensory sensitive and sensory avoiding profiles are associated with lower competence in activities (83).

Regarding the self-regulation and play factor of EPYFEI-Escolar, it has been observed that the development of social skills, such as participating in cooperative plays, making eye contact with other people, keeping eye contact, recognizing and showing adequate non-verbal communication, initiating and keeping conversations, and developing long-lasting friendships, are especially sensitive aspects in children with ASD (84) and those with ADHD (72, 85). Moreover, other authors have reported that, in children with neurodevelopmental disorders (for instance, ASD, ADHD), deficiencies in executive functions, such as planning, organization, and working memory, are associated with a greater degree of isolation in the schoolyard and with difficulties at managing friendships. Children with better planning and organization skills spend more time with other children in the schoolyard (4, 86). Difficulties in social interaction are frequent in neuropsychiatric disorders. Although many processes, such as motivation and learning, contribute to establishing social behavior, the processing of external stimuli with the social context may be another important factor to consider, since all the information provided by the environment (including people and objects), is combined to compose a broad range of entities of sensory information that must be processed (17). Additionally, playing has been related to sensory processing, according to preferences for certain toys or games based on their sensory characteristics (colors, movement, sound, etc.), thus associating the sensory profile with the type of game, depending on its level of demand for activities: games with a low activity level, sedentary games, or games with a great demand for movement or physical activity (78). Moreover, children with ASD seem to require more support in social interactions (78), especially with peers, such as those which take place when playing games. Children with a low score in this factor could show difficulties at socializing with other children and participating adequately in the game with other participants, including both verbal and non-verbal communication. This type of results have been related to difficulties in sensory modulation (87). It is worth highlighting the emergence of a factor relating self-regulation and play (EPYFEI –Escolar factor 4), recognizing and expressing feelings and emotions and regulating one's behavior at school, which can be especially relevant during playtime, where the clear guideline of the teacher is usually absent and the children need to organize their own activity and behavior (4). The fact that these factors emerge in the different evaluation instruments, as it also occurs in SPM, suggests the importance of playing in the school environment (88).

These dimensions related to self-regulation are more complex from the cognitive perspective (23). In this sense, self-regulation may be understood as the ability to modulate one's behavior with the aim of achieving goals in the long term, requiring cognitive, emotional, and motivational skills (89), and that it depends on the most basic executive functions (90, 91). It is also necessary to recognize that the development of self-regulation is influenced by parenting guidelines and environmental characteristics, such as poverty, chronic stress, malnutrition, the quality of the school, groups of peers, etc. (74). The fact that emotional self-regulation emerges with playing, supports the multidimensional learning theory, which considers that children involve in more complex interactions progressively, requiring social, and emotional skills that would allow them to socialize more adequately with their teachers and classmates. This creates a positive learning environment, where they receive and give emotional support (90), while also improving other academic competences, such as the acquisition of vocabulary and mathematical skills (88, 92), thus facilitating the development of healthy habits (91).

With respect to the last factor of EPYFEI-Escolar (factor 5: sense of competence), recent studies have reported that an increase in positive self-concept in childhood is related to better executive functions (80). Self-concept is a multidimensional construct which, in the case of childhood, may be understood as the personal valuation of strengths and weaknesses, related to the child's ideal, and real performance. Positive self-concept has been related to a good academic performance. In this sense, it is understandable that the teachers included this factor in the questionnaire, due to its relevance in school participation and in the psychological development of children. Children with a low self-concept show greater internalizing disorders, such as reduced affection and feelings of despair, or externalizing disorders, such as antisocial, aggressive, and/or criminal behavior (80). In addition to emotional self-regulation, executive functions include other complex skills, such as the self-perception of competence to achieve goals and obtain a good academic performance (80), which are relevant to learning to read, decode, and understand a text, along with writing and mathematical skills, where working memory, cognitive flexibility, and inhibitory control play a fundamental role.

To the best of the authors' knowledge, there is only one questionnaire that aims to determine executive functions and sensory processing jointly, although it is limited to the scope of activities of daily living (ADL) and it can only be filled in by parents: the EPYFEI (51). This questionnaire also has five 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 control. The factor solution obtained for the EPYFEI-Escolar questionnaire also consisted of 5 factors, in which the factors found in the EPYFEI for parents can be included, along with two additional dimensions. The first dimension is the sense of competence, which seems to be more closely related to childhood than academic performance. The second dimension is constituted by the skills for playing and social interaction, probably due to the fact that the school is a context in which socialization takes place, along with the development of social skills required for interacting with a group of peers. This may be relevant to educational inclusion practices and the participation of children with functional diversity at the school (93). Lastly, in both questionnaires, i.e., EPYFEI and EPYFEI-Escolar, the executive functions factor is more relevant to explaining difficulties in the school context than the sensory processing factor. The factorial solution of the EPYFEI for parents is shorter, it only consists of 36 items, unlike the EPYFEI-Escolar, which has 54 items. This may be due to the greater complexity involved in participating in school activities. In the school version, the first factor of the EPYFEI-Escolar, which includes the initiation, execution, and supervision of the action, contains 23 items, while the EPYFEI for parents has only 11 items. On one hand, the development of inhibitory control seems to be more relevant in school than in ADL. At school, it constitutes the second factor (with 10 items), while at home it is the fifth factor (with 5 items) This may be because, in the classroom, children have to be in a certain posture, sitting, attentive, without moving and following the teacher's instructions, inhibiting the possible interferences of auditory or visual stimuli that are not relevant to carry out the school tasks. On the other hand, sensory processing is the fourth factor in relevance to participation in the school, unlike in ADL from EPYFEI for parents, which is the second factor in interest. In both questionnaires, emotional, and behavioral self-regulation arises in participation in the two contexts. Finally, a difference between the two questionnaires is due to the importance of participation in the school field in the development of a sense of competence. This can be explained according to developmental theories, from which it is understood that from the age of 6, the achievement of academic activities are relevant for the psychological and emotional development (94).

One of the relevant characteristics of EPYFEI-Escolar vs. other instruments that assess EF (60), is that this new tool understands that participation in the activity depends not only on the demands of the activity itself, because of the context, too. In the case of CHEXI, four factors are considered regardless of the context: working memory, planning, inhibitory control, and regulation. Instead, the BRIEF considers more factors, although always the same for parents and teachers: inhibition, self-supervision, flexibility, emotional control, initiative, working memory, planning and organization, homework supervision, and organization of materials (59).



Implications in the Practice

One of the advantages of EPYFEI-Escolar is that it could help teachers to be more aware of the importance of the different processes that can influence the performance and participation of children in the classroom, allowing them to guide the learning strategies for each child.

Another advantage is that this tool is easy to complete, which allows conducting a relatively easy screening. Similarly, in the field of OT, the development of the EPYFEI-Escolar questionnaire proposes an advance, since, according to the best knowledge of the authors, it would be the first instrument to approach sensory processing and executive functions jointly in the school context. The creation of this tool may help occupational therapists who work in the school environment to guide teachers and parents about the best intervention strategies, in order to plan specific programs according to the needs of each child and each educational center, such as programs to improve self-regulation.



Limitations and Future Work

The present study has some limitations. First, the socioeducational level of the parents was not obtained, which could influence in the development of executive functions and the differentiation of the results according to this variable. Second, the study did not include children over 11 years of age who were still in primary education after repeating a course at some point. Although this is a generally infrequent circumstance, it could represent a group of children with greater difficulties. However, considering that the development of EF reaches a level similar to that found in adults at about 11 years of age, we believe that including these children would not have produced significant differences in the obtained results. Third, the sample was obtained using non-probability convenience sampling. Therefore, the study must be replicated in a representative sample of healthy children and in another representative sample of children with a neurodevelopmental disorders. With respect to future research lines, it would be interesting to carry out studies in which a confirmatory factor analysis of the EPYFEI-Escolar was conducted. Another possible future line of research is to compare the results of the EPYFEI for parents and the EPYFEI-Escolar in different clinical populations. Likewise, it would be convenient to carry out studies including children with other educational needs, to determine possible profiles and provide guidelines for educational intervention, in order to improve executive functions and sensory processing. It would be interesting to analyse whether executive deficiencies would contribute to explaining the presence of sensory problems in autism or other neurodevelopmental disorders (25).




CONCLUSIONS

The EPYFEI-Escolar questioonnaire makes a unique contribution to understanding neurodevelopmental disorders, since it considers sensory processing and executive functions simultaneously in activities carried out in the school environment.

EPYFEI-Escolar is a tool that complements other tools used by professionals who are in charge of making a more specific diagnosis and it can be a very useful instrument for teachers, since it facilitates the screening of children, allowing for the early detection of children with learning difficulties. This could help to provide a quick response to their educational needs, guiding the teacher about the strengths and weaknesses of the children regarding their executive functions and sensory processing, with the aim of optimizing the learning of the children and influencing their sense of competence, which is associated with academic success in this age range.

The psychometric results confirm the internal consistency of the instrument, as well as its construct validity and discriminant validity, according to the information provided by the participating teachers.

The factor result of EPYFEI-Escolar shows the role of multiple factors in the successful school participation, beyond academic performance, cognitive capacity, or sensory processing. EPYFEI-Escolar supports a wide perspective, and includes socioemotional competences, such as recognizing the emotions of other children and/or teachers, and responding adequately to the demands of the environment, regulating their own behavior, and emotions. All that allows developing an optimal sense of competence that could lead to the successful transition of the child to other educational stages and contexts.



DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Comité de Ética e Investigación (CEI) de la Universidad de Granada. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

DR-A contributed to the design and implementation of the research. AT-G and MR-M contributed to implementation of the research. AS-F analyzed the data, and all authors contributed to the writing of the manuscript.



FUNDING

This study was supported by University of Málaga.



ACKNOWLEDGMENTS

The authors thank the parents and teachers for their participation in this study. Especially to the teachers of the CEIP Ntra. Sra. Del Prado de Talavera de la Reina, Toledo (Spain) and CEIP Parque de las Infantas, Granada (Spain).



REFERENCES

 1. Zingerevich C, LaVesser PD. The contribution of executive functions to participation in school activities of children with high functioning autism spectrum disorder. Res Autism Spectr Disord. (2009) 3:429–37. doi: 10.1016/j.rasd.2008.09.002

 2. Dunn W. Supporting children to participate successfully in everyday life by using sensory processing knowledge. Infant Young Child. (2007) 20:84–101. doi: 10.1097/01.IYC.0000264477.05076.5d

 3. Waterhouse L, Fein D, Modahl C. Neurofunctional mechanisms in autism. Psychol Rev. (1996) 103:457–89. doi: 10.1037/0033-295X.103.3.457

 4. Fernández-Andrés MI, Pastor-Cerezuela G, Sanz-Cervera P, Tárraga-Mínguez R. A comparative study of sensory processing in children with and without autism spectrum disorder in the home and classroom environments. Res Dev Disabil. (2015) 38:202–12. doi: 10.1016/j.ridd.2014.12.034

 5. Miller LJ, Anzalone ME, Lane SJ, Cermak SA, Osten ET. Concept evolution in sensory integration: a proposed nosology for diagnosis. Am J Occup Ther. (2007) 61:135–40. doi: 10.5014/ajot.61.2.135

 6. Mailloux Z, Mulligan S, Roley SS, Blanche E, Cermak S, Coleman GG, et al. Verification and clarification of patterns of sensory integrative dysfunction. Am J Occup Ther. (2011) 65:143–51. doi: 10.5014/ajot.2011.000752

 7. Pavão SL, Rocha NACF. Sensory processing disorders in children with cerebral palsy. Infant Behav Dev. (2017) 46:1–6. doi: 10.1016/j.infbeh.2016.10.007

 8. Cermak SA, Daunhauer LA. Sensory processing in the postinstitutionalized child. Am J Occup Ther. (1997) 51:500–7. doi: 10.5014/ajot.51.7.500

 9. Solomon P, Kleeman ST. Sensory deprivation. Am J Psychiatry. (1971) 127:1546–7. doi: 10.1176/ajp.127.11.1546

 10. Chebat DR, Schneider FC, Ptito M. Neural networks mediating perceptual learning in congenital blindness. Sci Rep. (2020) 10:495. doi: 10.1038/s41598-019-57217-w

 11. Damluji AA, Forman DE, van Diepen S, Alexander KP, Page RL, Hummel SL, et al. Older adults in the cardiac intensive care unit: factoring geriatric syndromes in the management, prognosis, and process of care: a scientific statement from the american heart association. Circulation. (2020) 141:e6–e32. doi: 10.1161/CIR.0000000000000741

 12. Glasper EA. Romania's forgotten children: sensory deprivation revisited. Compr Child Adolesc Nurs. (2020) 1–7. doi: 10.1080/24694193.2020.1735250

 13. Köster M, Kayhan E, Langeloh M, Hoehl S. Making sense of the world: infant learning from a predictive processing perspective. Perspect Psychol Sci. (2020) 13. doi: 10.1177/1745691619895071

 14. Dunn W. Perfil Sensorial−2. Madrid: Pearson. (2016)

 15. Dunn W. The sensations of everyday life: empirical, theoretical, and pragmatic considerations. Am J Occup Ther. (2001) 55:608–20. doi: 10.5014/ajot.55.6.608

 16. Case-Smith J, Weaver LL, Fristad MA. A systematic review of sensory processing interventions for children with autism spectrum disorders. Autism. (2015) 19:133–48. doi: 10.1177/1362361313517762

 17. Hornix BE, Havekes R, Kas MJH. Multisensory cortical processing and dysfunction across the neuropsychiatric spectrum. Neurosci Biobehav Rev. (2019) 97:138–51. doi: 10.1016/j.neubiorev.2018.02.010

 18. Kas M, Penninx B, Sommer B, Serreti A, Arango C, Marston H. A quantitative approach to neuropsychiatry: the why and the how. Neurosci Biobehav Rev. (2018) 97:3–9. doi: 10.1016/j.neubiorev.2017.12.008

 19. Kas M, Fernandez C, Schalwyk L, Collier D. Genetics of behavioural domains across the neuropsychiatric spectrum: of mice and men. Mol Psychiatry. (2007) 12:324–30. doi: 10.1038/sj.mp.4001979

 20. Miller LJ, Nielsen DM, Schoen SA, Brett-Green BA. Perspectives on sensory processing disorder: a call for translational research. Front Integr Neurosci. (2009) 3:22. doi: 10.3389/neuro.07.022.2009

 21. Nesayan A, Gandomani R, Movalli G, Dunn W. The relationship between sensory processing patterns and behavioral patterns in children. J Occup Ther Sch Early Interv. (2018) 11:124–132. doi: 10.1080/19411243.2018.1432447

 22. Roley SS, Bissell J, Clark GF, Practice Co. Providing occupational therapy using sensory integration theory and methods in school-based practice. Am J Occup Ther. (2009). 63:823–42. doi: 10.5014/ajot.63.6.823

 23. Rothbart MK, Sheese BE, Rueda MR, Posner MI. Developing mechanisms of self-regulation in early life. Emot Rev. (2011) 3:207–13. doi: 10.1177/1754073910387943

 24. Erazo-Santander O. Identification, description and relations between sensory integration, attention and behavior. Rev Colomb Cienc Soc. (2016) 7:21–48. doi: 10.21501/22161201.1657

 25. Boyd BA, McBee M, Holtzclaw T, Baranek GT, Bodfish JW. Relationships among repetitive behaviors, sensory features, and executive functions in high functioning autism. Res Autism Spectr Disord. (2009) 3:959–66. doi: 10.1016/j.rasd.2009.05.003

 26. Neil L, Olsson NC, Pellicano E. The relationship between intolerance of uncertainty, sensory sensitivities, and anxiety in autistic and typically developing children. J Autism Dev Disord. (2016) 46:1962–73. doi: 10.1007/s10803-016-2721-9

 27. South M, Rodgers J. Sensory, emotional and cognitive contributions to anxiety in autism spectrum disorders. Front Hum Neurosci. (2017) 11:20. doi: 10.3389/fnhum.2017.00020

 28. Baranek G, Little LM, Parham D, Ausderau KK, Sabatos-De Vito MG. Sensory features in autism spectrum disorders. In: Volkmar FR, Rogers SJ, Paul R, Pelphrey KA, editors. Handbook of Autism and Pervasive Developmental Disorders. 4th ed. John Wiley and Sons, Inc. (2014). p. 378–408.

 29. Baranek GT, Carlson M, Sideris J, Kirby AV, Watson LR, Williams KL, et al. Longitudinal assessment of stability of sensory features in children with autism spectrum disorder or other developmental disabilities. Autism Res. (2019) 12:100–11. doi: 10.1002/aur.2008

 30. Davis AS, Pass LA, Finch WH, Dean RS, Woodcock RW. The canonical relationship between sensory-motor functioning and cognitive processing in children with attention-deficit/hyperactivity disorder. Arch Clin Neuropsychol. (2009) 24:273–86. doi: 10.1093/arclin/acp032

 31. Yochman A, Alon-Beery O, Sribman A, Parush S. Differential diagnosis of sensory modulation disorder (SMD) and attention deficit hyperactivity disorder (ADHD): participation, sensation, and attention. Front Hum Neurosci. (2013) 7:862. doi: 10.3389/fnhum.2013.00862

 32. Miller LJ, Nielsen DM, Schoen SA. Attention deficit hyperactivity disorder and sensory modulation disorder: a comparison of behavior and physiology. Res Dev Disabil. (2012) 33:804–18. doi: 10.1016/j.ridd.2011.12.005

 33. Nakagawa A, Sukigara M, Miyachi T, Nakai A. Relations between temperament, sensory processing, and motor coordination in 3-year-old children. Front Psychol. (2016) 7:623. doi: 10.3389/fpsyg.2016.00623

 34. Shochat T, Tzischinsky O, Engel-Yeger B. Sensory hypersensitivity as a contributing factor in the relation between sleep and behavioral disorders in normal schoolchildren. Behav Sleep Med. (2009) 7:53–62. doi: 10.1080/15402000802577777

 35. Swanson HL. Working memory and phonological processing as predictors of children's mathematical problem solving at different ages. Mem Cognit. (2004) 32:648–61. doi: 10.3758/BF03195856

 36. Willcutt EG, Pennington BF, Boada R, Ogline JS, Tunick RA, Chhabildas NA, et al. A comparison of the cognitive deficits in reading disability and attention-deficit/hyperactivity disorder. J Abnorm Psychol. (2001) 110:157–72. doi: 10.1037/0021-843X.110.1.157

 37. Morgan P, Farkas G, Wang Y, Hillemeier M, Oh Y, Maczuga S. Executive function deficits in kindergarten predict repeated academic difficulties across elementary school. Early Child Res Q. (2019) 46:20–39. doi: 10.1016/j.ecresq.2018.06.009

 38. Zabelina DL, Friedman NP, Andrews-Hanna J. Unity and diversity of executive functions in creativity. Conscious Cogn. (2019) 68:47–56. doi: 10.1016/j.concog.2018.12.005

 39. Diamond A. Executive functions. Annu Rev Psychol. (2013) 64:135–68. doi: 10.1146/annurev-psych-113011-143750

 40. Miyake A, Friedman NP. The nature and organization of individual differences in executive functions: four general conclusions. Curr Dir Psychol Sci. (2012) 21:8–14. doi: 10.1177/0963721411429458

 41. Huizinga M, Baeyens D, Burack JA. Editorial: executive function and education. Front Psychol. (2018) 9:1357. doi: 10.3389/fpsyg.2018.01357

 42. Friedman NP, Miyake A. Unity and diversity of executive functions: individual differences as a window on cognitive structure. Cortex. (2017) 86:186–204. doi: 10.1016/j.cortex.2016.04.023

 43. Romero-Ayuso D, Castillero-Perea Á, González P, Navarro E, Molina-Massó JP, Funes MJ, et al. Assessment of cognitive instrumental activities of daily living: a systematic review. Disabil Rehabil. (2019) 24:1–17. doi: 10.1080/09638288.2019.1665720

 44. Josman N, Meyer S. Conceptualisation and use of executive functions in paediatrics: a scoping review of occupational therapy literature. Aust Occup Ther J. (2019) 66:77–90. doi: 10.1111/1440-1630.12525

 45. Anderson VA, Anderson P, Northam E, Jacobs R, Catroppa C. Development of executive functions through late childhood and adolescence in an Australian sample. Dev Neuropsychol. (2001) 20:385–406. doi: 10.1207/S15326942DN2001_5

 46. Barkley RA. Attention-deficit/hyperactivity disorder, self-regulation, and time: toward a more comprehensive theory. J Dev Behav Pediatr. (1997) 18:271–9. doi: 10.1097/00004703-199708000-00009

 47. Romero-López M, Benavides-Nieto A, Fernández-Cabezas M, Pichardo-Martínez M. Intervención en funciones ejecutivas en educación infantil. Int J Dev Educ Psychol. (2017) 3:253–61. doi: 10.17060/ijodaep.2017.n1.v3.994

 48. Di Lieto M, Inguaggiato E, Castro E, Cecchi F, Cioni G, Dell'Omo M, et al. Educational robotics intervention on executive functions in preschool children : a pilot study . Comput Hum Behav. (2017) 71:16–23. doi: 10.1016/j.chb.2017.01.018

 49. Faramarzi S, Rad S, Abedi A. Effect of sensory integration training on executive functions of children with attention deficit hyperactivity disorder. Neuropsychiatria i Neuropsychologia. (2016) 11:1–5. doi: 10.5114/nan.2016.60388

 50. Anderson P. Assessment and development of executive function (EF) during childhood. Child Neuropsychol. (2002) 8:71–82. doi: 10.1076/chin.8.2.71.8724

 51. Romero-Ayuso D, Jorquera-Cabrera S, Segura-Fragoso A, Toledano-González A, Rodríguez-Martínez MC, Triviño-Juárez JM. Assessment of sensory processing and executive functions in childhood: development, reliability, and validity of the EPYFEI. Front Pediatr. (2018) 6:71. doi: 10.3389/fped.2018.00071

 52. Ayuso DMR. Activities of daily living. Anales De Psicologia. (2007) 23:264–71.

 53. Bombín-González I, Cifuentes-Rodríguez A, Climent-Martínez G, Luna-Lario P, Cardas-Ibáñez J, Tirapu-Ustárroz J, et al. [Ecological validity and multitasking environments in the evaluation of the executive functions]. Rev Neurol. (2014) 59:77–87. doi: 10.33588/rn.5902.2013578

 54. Chevignard MP, Soo C, Galvin J, Catroppa C, Eren S. Ecological assessment of cognitive functions in children with acquired brain injury: a systematic review. Brain Inj. (2012) 26:1033–57. doi: 10.3109/02699052.2012.666366

 55. Hartman-Maeir A, Harel H, Katz N. Kettle test–a brief measure of cognitive functional performance. Reliability and valdity in stroke rehabilitation. Am J Occup Ther. (2009) 63:592–9. doi: 10.5014/ajot.63.5.592

 56. Poncet F, Swaine B, Dutil E, Chevignard M, Pradat-Diehl P. How do assessments of activities of daily living address executive functions: a scoping review. Neuropsychol Rehabil. (2017) 27:618–66. doi: 10.1080/09602011.2016.1268171

 57. Burgess PW, Veitch E, de Lacy Costello A, Shallice T. The cognitive and neuroanatomical correlates of multitasking. Neuropsychologia. (2000) 38:848–63. doi: 10.1016/S0028-3932(99)00134-7

 58. Burgess PW, Alderman N, Forbes C, Costello A, Coates LM, Dawson DR, et al. The case for the development and use of “ecologically valid” measures of executive function in experimental and clinical neuropsychology. J Int Neuropsychol Soc. (2006) 12:194–209. doi: 10.1017/S1355617706060310

 59. Gioia GA, Espy KA, Isquith PK.(2015). BRIEF-2. Evaluación Conductual de la Función Ejecutiva. In: Maldonado-Belmonte MJ, Fournier del Castillo MC, Martínez-Arias R, González-Marqués J, Espejo-Saavedra Roca JM, y Santamaría, P. editors. Adaptado a La Población Española Por. Madrid: TEA ediciones. (2017)

 60. Thorell LB, Nyberg L. The childhood executive functioning inventory (CHEXI): a new rating instrument for parents and teachers. Dev Neuropsychol. (2008) 33:536–52. doi: 10.1080/87565640802101516

 61. May-Benson TA, Koomar JA. Systematic review of the research evidence examining the effectiveness of interventions using a sensory integrative approach for children. Am J Occup Ther. (2010) 64:403–14. doi: 10.5014/ajot.2010.09071

 62. Polatajko HJ, Cantin N. Exploring the effectiveness of occupational therapy interventions, other than the sensory integration approach, with children and adolescents experiencing difficulty processing and integrating sensory information. Am J Occup Ther. (2010) 64:415–29. doi: 10.5014/ajot.2010.09072

 63. McLeod KR, Langevin LM, Goodyear BG, Dewey D. Functional connectivity of neural motor networks is disrupted in children with developmental coordination disorder and attention-deficit/hyperactivity disorder. Neuroimage Clin. (2014) 4:566–75. doi: 10.1016/j.nicl.2014.03.010

 64. Suárez LE, Markello RD, Betzel RF, Misic B. Linking structure and function in macroscale brain networks. Trends Cogn Sci. (2020) 24:302–15. doi: 10.1016/j.tics.2020.01.008

 65. Torres-Ramos S, Salido-Ruiz RA, Espinoza-Valdez A, Gómez-Velázquez FR, González-Garrido AA, Román-Godínez I. A brain connectivity characterization of children with different levels of mathematical achievement based on graph metrics. PLoS ONE. (2020) 15:e0227613. doi: 10.1371/journal.pone.0227613

 66. Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol DL, Dekker J, et al. Quality criteria were proposed for measurement properties of health status questionnaires. J Clin Epidemiol. (2007) 60:34–42. doi: 10.1016/j.jclinepi.2006.03.012

 67. Carballal Mariño M, Gago Ageitos A, Ares Alvarez J, Del Rio Garma M, García Cendón C, Goicoechea Castaño A, et al. [Prevalence of neurodevelopmental, behavioural and learning disorders in pediatric primary care]. An Pediatr (Barc). (2018) 89:153–61. doi: 10.1016/j.anpedi.2017.10.007

 68. Yamawaki K, Ishitsuka K, Suyama S, Suzumura S, Yamashita H, Kanba S. Clinical characteristics of boys with comorbid autism spectrum disorder and attention deficit/hyperactivity disorder. Pediatr Int. (2020) 62:151–7. doi: 10.1111/ped.14105

 69. Catale C, Meulemans T, Thorell LB. The childhood executive function inventory: confirmatory factor analyses and cross-cultural clinical validity in a sample of 8- to 11-year-old children. J Atten Disord. (2015) 19:489–95. doi: 10.1177/1087054712470971

 70. Parham LD, Ecker C, Miller H, Henry DA, Glennon TJ. Sensory Processing Measure. Los Angeles: WPS (2007).

 71. Henry D, McClary M. The sensroy processing measure-preschool (SPM-P). Part two: test-retest and collective collaborative empowerment. including a facther's perspective. J Occup Ther Sch Early Interv. (2011) 4:53–70. doi: 10.1080/19411243.2011.576891

 72. Barkley RA. Behavioral inhibition, sustained attention, and executive functions: constructing a unifying theory of ADHD. Psychol Bull. (1997) 121:65–94. doi: 10.1037/0033-2909.121.1.65

 73. Dowsett SM, Livesey DJ. The development of inhibitory control in preschool children: effects of “executive skills” training. Dev Psychobiol. (2000) 36:161–74. doi: 10.1002/(SICI)1098-2302(200003)36:2<161::AID-DEV7>3.0.CO2-0

 74. Musso M. Evaluación de funciones ejecutivas en niños: análisis y adaptación de pruebas en un contexto escolar. Rev Iberoam Diagn Eval Avaliacao Psicol. (2009) 1:157–78.

 75. Capilla A, Romero D, Maestu F, Campo P, Fernández S, González-Marqués J, et al. Emergence and brain development of executive functions. Actas Esp Psiquiatr. (2004) 32:377–86.

 76. McClelland MM, Cameron CE. Developing together: the role of executive function and motor skills in children's early academic lives. Early Child Res Q. (2019) 46:142–51. doi: 10.1016/j.ecresq.2018.03.014

 77. Biederman J, Monuteaux MC, Doyle AE, Seidman LJ, Wilens TE, Ferrero F, et al. Impact of executive function deficits and attention-deficit/hyperactivity disorder (ADHD) on academic outcomes in children. J Consult Clin Psychol. (2004) 72:757–66. doi: 10.1037/0022-006X.72.5.757

 78. Dunn W, Little L, Dean E, Robertson S, Evans B. The state of the science on sensory factors and their impact on daily life for children: a scoping review. OTJR (Thorofare N J). (2016) 36(2 Suppl.):3S−26S. doi: 10.1177/1539449215617923

 79. Sanz-Cervera P, Pastor-Cerezuela G, González-Sala F, Tárraga-Mínguez R, Fernández-Andrés MI. Corrigendum: sensory processing in children with autism spectrum disorder and/or attention deficit hyperactivity disorder in the home and classroom contexts. Front Psychol. (2019) 10:443. doi: 10.3389/fpsyg.2019.00443

 80. Bailey BA, Andrzejewski SK, Greif SM, Svingos AM, Heaton SC. The role of executive functioning and academic achievement in the academic self-concept of children and adolescents referred for neuropsychological assessment. Children (Basel). (2018) 5:83. doi: 10.3390/children5070083

 81. Engel-Yeger B, Dunn W. The relationship between sensory processing disorders and eating problems among children with intellectual developmental deficits. Br J Occup Ther. (2011) 74:17–25. doi: 10.1177/0308022615586418

 82. Engel-Yeger B, Sido R, Mimouni-Bloch A, Weiss PL. Relationship between perceived competence and performance during real and virtual motor tasks by children with developmental coordination disorder. Disabil Rehabil Assist Technol. (2017) 12:752–7. doi: 10.1080/17483107.2016.1261305

 83. Reynolds S, Bendixen RM, Lawrence T, Lane SJ. A pilot study examining activity participation, sensory responsiveness, and competence in children with high functioning autism spectrum disorder. J Autism Dev Disord. (2011) 41:1496–506. doi: 10.1007/s10803-010-1173-x

 84. Banda D, Hart S, Liu-Gitz L. Impact of training peers and children with autism on social skills during center time activities in inclusive classrooms. Res Autism Spectr Disord. (2010) 4:619–625. doi: 10.1016/j.rasd.2009.12.005

 85. Barkley RA. Differential diagnosis of adults with ADHD: the role of executive function and self-regulation. J Clin Psychiatry. (2010) 71:e17. doi: 10.4088/JCP.9066tx1c

 86. Freeman LM, Locke J, Rotheram-Fuller E, Mandell D. Brief report: examining executive and social functioning in elementary-aged children with autism. J Autism Dev Disord. (2017) 47:1890–5. doi: 10.1007/s10803-017-3079-3

 87. Kuhaneck HM, Henry DA, Glennon TJ. Sensory Processing Measure. United States of America: Western Psychological Services. (2013)

 88. Posner MI, Rothbart MK, Tang Y. Developing self-regulation in early childhood. Trends Neurosci Educ. (2013) 2:107–10. doi: 10.1016/j.tine.2013.09.001

 89. Eisenberg IW, Bissett PG, Canning JR, Dallery J, Enkavi AZ, Whitfield-Gabrieli S, et al. Applying novel technologies and methods to inform the ontology of self-regulation. Behav Res Ther. (2018) 101:46–57. doi: 10.1016/j.brat.2017.09.014

 90. Blair C, Raver C. School readiness and self-regulation: a developmental psychobiological approach. Annu Rev Psychol. (2015) 66:711–31. doi: 10.1146/annurev-psych-010814-015221

 91. Miller AL, Gearhardt AN, Fredericks EM, Katz B, Shapiro LF, Holden K, et al. Targeting self-regulation to promote health behaviors in children. Behav Res Ther. (2018) 101:71–81. doi: 10.1016/j.brat.2017.09.008

 92. Montroy JJ, Bowles RP, Skibbe Le, Foster TD. Social skills and problem behaviors as mediators of the relationship between behavioral self-regulation and academic achievement. Early Child Res Cuartel. (2014) 29:298–309. doi: 10.1016/j.ecresq.2014.03.002

 93. Maciver D, Rutherford M, Arakelyan S, Kramer JM, Richmond J, Todorova L, et al. Participation of children with disabilities in school: a realist systematic review of psychosocial and environmental factors. PLoS ONE. (2019) 14:e0210511. doi: 10.1371/journal.pone.0210511

 94. Simkin H, Azzollini S, Voloschin C. Autoestima y problemáticas psicosociales en la infancia, adolescencia y juventud. Psicol Soc. (2014) 1:59–96.

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Romero-Ayuso, Toledano-González, Segura-Fragoso, Triviño-Juárez and Rodríguez-Martínez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-08-00275-t004.jpg
Pretest Retest Diference 1C 95% DIF 1c 95% IcC

n Mean sD Mean sb Mean sD Li Ls P Icc Li Ls
Total score 59 64.49 44.81 61.32 43.66 317 13.08 -0.20 6.54 0.068 0.98 0.96 0.99
Factor 1 59 31.15 23.23 29.32 2223 098 7.89 -1.05 3.01 0.081 0.97 0.95 0.98
Factor 2 59 12.29 10.41 11.83 10.72 0.46 3.45 -0.43 1.35 0313 0.97 0.95 0.98
Factor 3 59 18.92 717 825 5.97 0.83 4.04 -0.21 1.87 0.12 0.9 0.83 0.94
Factor 4 59 8.61 8.62 8.46 8.08 0.15 298 -0.61 0.92 0.695 0.97 0.94 0.98
Factor 5 59 3.36 355 3.46 3.48 -0.10 1.74 055 0.35 0.655 094 0.89 096

8D, standard deviation; Cl 95% DIF=confidence interval at 95% of the difference; LI, lower limit; Lu, upper limit; ICC, intraclass correlation coefficient; CI 95% ICC: confidence interval
at 95% of the ICC.





OPS/images/fped-08-00275-t005.jpg
Score factor 1
Score factor 2
Score factor 3
Score factor 4
Score factor 5
Total Score

SD, standard deviation.

536
536
536
536
536
536

Mean

33.46
14.30
8.22
5.82
311
6491

sD

2422
10.89
6.68
5.94
288
4127

Min

0.00
0.00
0.00
0.00
0.00
2.00

Max

91.00
44.00
28.00
29.00
12.00
178.00

N in min

8
29
1
94
122

N in méax

% in min

1.49
541
0.19
17.54
22.76
0.19

% in max

0.19
0.19
11.38
0.19
0.93
0.19





OPS/images/fped-08-00275-t002.jpg
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1. Has difficulties to conduct tasks that require concentration.
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3. Has difficulties to remember necessary information when some other activity is being carried out, for instance, the mental
calculation in mathematics

4. Takes a long time to complete the actities. Recuires more time than other children in the same age
5. Has difficulties to understand the necessary instructions to carry out a task when explained verbally with no visual
support (blackboard)

6. Finds it hard to pay attention when performing an activity and needs to take breaks in the course of it

7. Has difficulties to initiate and plan actions required to write or initate an exercise
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9. Has difficulties to understand the tasks regardliess of how they are explained
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12. Makes mistakes due to lack of focus

13. Has difficulties to perceive letters and words, to distinguish shapes, etc. (in paper, blackboard, etc.)

14. Has diffiulties to tell something that occurred in a way that others can easily understand it

15. Has difficulties to coordinate eyes and hands to form letters and words, or to copy from the blackboard or book
16. Solves the problems that emerge in the activities

17. Stays thoughtful, looking at nothing in particular

18. Has diffioulties to defend his/her point of view

19. Changes activity without finishing the one that he/she was carrying out

20. Does ot realize when something changes or finds it hard to acknowledge modifications in the activity

21. Revises and corrects the activities or tasks once they are finished

22. Has many ideas, is very creative

23. Finds it hard to go from one activity to another, regardless of whether the first one is finished, even when the teacher
demands so

FACTOR 2: INHIBITORY CONTROL

24. Finds it hard to stay stil

25. Find it very difficult to stop carrying out activities when he/she is asked to

26. Reacts emotionally in an exaggerated manner when participates in activities that involve movernent
27. Usually hums or makes noises while conducting activities that should be done in silence

28, Tends to touch or use everything he/she sees, for instance, on the teacher’s table, the classmates, etc
29, Rocks or rocks when sitting, standing or lying

30. Gets very excited when something special is about to happen (for instance, a school trip)

31. Shouts or talks louder than usual regarding the context

32. Shows difficulty avoiding laughing in situations where it is inappropriate

33, Tries to cary out the activities that involve jumping, squeezing, pushing, or puling, etc

34. Shows excessive physical contact with others

35. Conciucts physical activities that involve risks, for instance, climbing, jumping from a certain height, etc
FACTOR 3: BEHAVIORAL - EMOTIONAL SELF-REGULATION AND PLAY

36. Plays adequately for his/her age in the schoolyard

37. Plays with other children of the same age in playtime

38. Seems to enjoy playing

39. Has adequate tolerance to frustration when playing

40. Recognizes the feslings and needs of others

41. Expresses his/her feelings and needs without help
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Factor 4: SENSORY PROCESSING

43. Finds it hard to make eye contact with others, including the teacher, sometimes avoiding eye contact
44. s very sensitive to light

45. Finds it hard to recognize objects visually

46. Has difficultes to recognize where the sound or voice comes from
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52. Is afraid of faiure, always wanting everything to be perfect, sometimes even eliminating the will to try, due to his/her high
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53. Is afraid of being judged, limiting his/her desire to express thoughts on the paper or verbally

54. Reacts inadequately to criticism
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