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The literature confirms that individuals with autism spectrum disorder (ASD) have planning deficits. However, few interventions have targeted these deficits. The aims of this study were to: (1) show that the mixed methods approach can be useful in studying planning skills of children with ASD during and after an educational intervention; (2) assess whether the planning skills of two groups of children with ASD improved during the intervention and if this progress was maintained 1 month after completing the intervention. The groups were formed depending on each child’s severity level (SL) of ASD according to DSM-5: SL1 (requiring support) and SL2 (requiring substantial support). Each group was composed of four children. In the framework of mixed methods, we used observational methodology, which is considered as mixed methods in itself because it integrates qualitative and quantitative elements. A nomothetic/follow-up/multidimensional observational design was used. Planning skills manifested by children during the intervention were codified, as well as the scaffolding behaviors provided by the educational specialist. These skills and behaviors were also coded in one session, which took place 1 month after the intervention. Coded data of each group were submitted to prospective and retrospective lag sequential analysis. This informed of the sequential structure of planning skills performed by children in interaction with the educational specialist at the beginning and at the end of the intervention, as well as 1 month later after the intervention. The comparison of the patterns obtained in these three temporal moments allowed us to know the improvement of the two groups in the use of planning skills. Results showed that both groups improved their autonomous use of planning skills. However, SL1 group used successfully and autonomously complex planning skills, while SL2 group were unable to achieve this gain. SL2 group progressed in autonomy, but only using basic planning skills. Both groups can further improve their use of planning skills; therefore, the intervention should be adjusted to their characteristics and temporarily extended. These findings contribute to the, as yet, little studied field of intervention and assessment of planning skills in children with ASD using a mixed methods approach.
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INTRODUCTION

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by: (1) persistent deficits in communication and social reciprocity and (2) patterns of restricted and repetitive behavior, interests, or activities. The consideration of the disorder within a continuity of severity and involvement in each of the two domains facilitates the identification of the great symptomatic heterogeneity within the spectrum. Thus, depending on the severity of the symptoms (and therefore, the support that individuals with ASD require), Diagnostic and Statistical Manual of Mental Disorders (DSM-5; American Psychiatric Association, 2013) establishes three severity levels (SL): SL1 = “requiring support”; SL2= “requiring substantial support”; SL3= “requiring very substantial support.”

Under these diagnostic criteria, certain cognitive styles characterize a peculiar learning and a specific daily functioning in people with ASD, which could be explained by the deficit in executive functions (Ozonoff, 1995; Poljac and Bekkering, 2012). Executive functions are high-level cognitive and affective processes that direct thoughts, emotions, and behaviors during an active problem solving, especially those that require a novel approach (Carlson et al., 2013; Diamond, 2013). These set of differentiate skills are both interactive (Ozonoff, 1995) and integrate a wide range of cognitive functions such as planning, monitoring, working memory, flexibility, inhibition, and generativity (Hill, 2004b). An executive dysfunction in ASD is evidenced by numerous empirical studies. This dysfunction includes difficulties in different executive domains that extend to all areas of life and are present in all ages and SL, generating in the person a serious adaptive deterioration that affects their daily functioning (Hill, 2004a; Smithson et al., 2013; Geurts et al., 2014; Panerai et al., 2014; Demetriou et al., 2018; Vogan et al., 2018; Valeri et al., 2019).

Among all the executive deficits present in people with ASD, the one referred to planning is one of those with the highest prevalence and which generates the most difficulties in the individual’s daily life. Planning deficit implies problems to choose and implement a sequence of actions to achieve a pre-specified goal (Lezak, 2012). For such planning to be effective, this sequence of actions must be checked, evaluated, and constantly updated. However, people with ASD manifest difficulties in these processes (Hill, 2004a; Olde Dubbelink and Geurts, 2017).

The abundant literature confirming these executive deficits in ASD contrasts with the shortage of cognitive intervention programs aimed at their improvement (Russell, 1997; Ozonoff et al., 2005; Kenworthy et al., 2014; Vogan et al., 2018). Therefore, much more work is needed in order to design effective early interventions. In this regard, it has pointed out the usefulness of ecological environments in which children with ASD participate in game-based activities (Traverso et al., 2015; Rice, 2016; Hillman, 2018; Vogan et al., 2018). Playing is a child’s natural way of expression and provides opportunities for his/her development and learning. This makes games an essential tool for children’s teaching-learning process and for the systematic observation and analysis of their progress (Fasulo et al., 2017; Otsuka and Jay, 2017; Zosh et al., 2018). However, despite its importance, there are few works that carry out a valid and reliable child intervention and evaluation based on games (Salcuni et al., 2017; Hillman, 2018).

Another aspect that has also shown influence on the development of executive functions in children is social interaction (Carlson, 2009; Lewis and Carpendale, 2009; Amadó et al., 2016; Sosic-Vasic et al., 2017). Modeling, anticipation, and scaffolding are the most common social interaction strategies (Bibok et al., 2009; Hughes and Ensor, 2009; Devine et al., 2016). In this study, we focus on scaffolding. It refers to the process by which adults help, plan, and organize the activity of children so that they can carry out a task that goes beyond their skill level (Wood et al., 1976; Vygotsky, 1978). In this regard, the importance of reinforcing messages providing emotional support in favoring the performance of certain executive capacities has also been evidenced (Vandenbrouck et al., 2017). In short, the literature indicates that fundamental aspects for an effective intervention of executive functions in children with ASD are: (a) that it takes place in an ecological context, (b) where the child develops playful activities, and (c) in company of an adult who offers an adequate scaffolding.

Regarding the methodological issues for the evaluation of executive functions in children with ASD, the mixed methods approach is the most appropriate strategy as it integrates qualitative and quantitative elements. Within this perspective, the idoneous option is systematic observation since it allows to capture spontaneous behaviors as they occur in a natural context (Portell et al., 2015a,b), and therefore, is the most appropriate methodology for assessing interventions in young children in ecological environments (Anguera, 2001; Whitebread and Pino-Pasternak, 2013). Taking into account the aforementioned benefits of the children’s games, and given that playing is a ubiquitous and universal aspect of childhood, the systematic observation of a child’s behavior in a playful context offers a wealth of information and a variety of nuances that allow describing, explaining, and understanding fundamental aspects of child development and learning imperceptible with other methodologies (Escolano-Pérez et al., 2017).

Observational methodology nowadays is considered in itself as mixed methods because it integrates qualitative and quantitative elements in QUAL-QUAN-QUAL phases (Anguera et al., 2017, 2018a,b; Arias-Pujol and Anguera, 2017; Del Giacco et al., 2019; Portell et al., 2019). In a first QUAL phase an ad hoc observation instrument must be elaborated and data must be codified based on an order or sequence criterion, thus making it possible to capture in a natural context the spontaneous behaviors that indicate the competences under study. After, a QUAN phase follows in which the quality of the coded observational data is tested (intra-observer and/or inter-observer agreement analysis) and its analysis is carried out. Precisely because the initial dataset, which is derived from an extremely rich qualitative component, can be analyzed using different quantitative techniques suitable for qualitative data (as lag sequential analysis) a set of quantitative results (as patterns of behavior) are obtained. Finally, the interpretation of the results (considering the objective of the study and prior researches) returns the process to the QUAL phase.

Taking into account: (a) all aspects mentioned above; (b) the minimum quality criteria and fundamental indicators that should guide the intervention targeted at people with ASD (Kasari and Smith, 2013) and specifically the educational interventions for children with ASD (Bond et al., 2016; Otero et al., 2017); and (c) the general principles of intervention in executive functions (Diamond and Lee, 2011; Diamond, 2014), an educational intervention aimed at improving planning skills in children with ASD was developed. (It is described in Procedure section).

There were two objectives of this study, one methodological and one educational: (1) show that the mixed methods approach can be useful in studying planning skills of children with ASD during and after an educational intervention; (2) assess whether the planning skills of two groups of children with ASD (grouped according to their SL) improved during the intervention and if this progress was maintained 1 month after the end of the intervention.



METHODS


Design

We applied a mixed methods approach as an ongoing method of assessment that is characterized by the integration of qualitative and quantitative elements. In this study, the integration was carried out from the “connect” option (Creswell and Plano Clark, 2011).

The observational design employed, according to the observational designs described by Anguera et al. (2001) and Anguera et al. (2018a), was Nomothetic/Follow-up/Multidimensional. It was: “nomothetic” because eight children with ASD were observed individually and their observational data were later treated jointly in two units of analysis (depending on each child’s SL of ASD according to DSM-5); “follow-up” at both the inter-sessional and intra-sessional levels because 25 sessions were observed for each child and also recorded from beginning to end of each session; and “multidimensional” because different levels of response were observed referring to the children’s planning skills and adult scaffolding behaviors that supported the observation instrument.

The systematic observation carried out was non-participative and active and behaviors observed were fully perceivable (Anguera, 2001; Bakeman and Quera, 2011).



Participants

The final sample included eight Spanish children with ASD, male gender between 5 years 6 months and 12 years (M = 92.37 months; SD = 23.24). Four participants presented SL1 (requiring support) according to the DSM-5 criteria and four participants SL2 (requiring substantial support). Table 1 shows the characteristics of the participants of each group. They all received a formal diagnosis of ASD made by a multidisciplinary team according to the DSM-5 criteria for ASD. According to the current regulations in Spain, their diagnosis was additionally confirmed by at least one child psychiatrist with expertise and considerable experience in autism not associated with the current study through the ADOS-2 (Lord et al., 2000).



TABLE 1. Characteristics of the participants of each group.
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The inclusion criteria for participation in the study were: (1) confirmed diagnosis of ASD (DSM-5); (2) age 5–12; (3) sufficient verbal skills: score less than 5 in each of the three dimensions of the Autism Spectrum Inventory communication and language scale (Autism Spectrum Inventory, IDEA) (Rivière, 2002); (4) informed consent of the students’ parents authorizing their participation in the study. Moreover, exclusion criteria were: (1) IQ ≤ 49; (2) diagnosis of physical disability; (3) co-morbidity with a psychiatric disorder.

The information referring to the inclusion criteria (1), (2), and (3) and the exclusion criteria (2) and (3) were provided by the educational guidance team of the school to which each participant attended. For the information referring to the exclusion criterion (1), the Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV) was administered in the Spanish version (Corral et al., 2005).

Participants were treated according to the international ethical standards and Spanish Organic Law 15/1999 of December of Protection of Personal Data (Spanish Government, 1999). Research was evaluated and approved by the Education Doctoral Program Academic Commission of Zaragoza University and by the management teams of the schools attended by the participants. No ethics special approval was required for this research since the Spanish public education system and national regulations require no such approval.



Instruments


Observation Instrument

An observation instrument was built ad hoc to allow us to observe the children’s actions indicating planning skills, in addition to adult scaffolding behaviors. Since our study was multidimensional, the observation instrument combined a field format with category systems. It contained seven criteria and each criterion was broken down into an exhaustive and mutually exclusive category system. The instrument was developed according to: (a) previous recordings of children of similar characteristics to those of the participants. In these recordings, children were solved habitual tasks of their daily life and whose resolution required the use of planning skills; (b) the theoretical framework related to the executive function of planning, especially in ASD (Zelazo et al., 1997; Hill, 2004a; Ward and Morris, 2005; Olde Dubbelink and Geurts, 2017) and scaffolding (Wood et al., 1976; Vygotsky, 1978; Bibok et al., 2009; Bernier et al., 2010); (c) observation instruments used by other researchers to capture, among other issues, planning skills in children (Whitebread et al., 2009; Escolano-Pérez and Sastre-Riba, 2010). The constructed observation instrument is presented in Figure 1.

[image: Figure 1]

FIGURE 1. Observation instrument.


Criteria 1 and 2 were related to the adult behaviors and the remaining provided information about child behaviors. Each criterion was broken down into categories that implied directly observed behaviors during the intervention sessions. Criterion 1 (Adult help for the children to understand the activity) was broken down into four categories. In category Repetition, the adult updated the information to the child if she detected working memory fails. Command indicated the help offered by the adult when child showed inhibitory difficulty to resist his impulse to start the task before the adult ordered it. Due to comprehension problems in ASD, the category Ensuring child knows the activity revealed behavior executed by adult to check if the child had understood the activity. Activity proposal meant that the adult was explaining the activity to the child. In this category, the adult helped the child to focus attention to the explanation of the activity. Criterion 2 (Adult help for the child to carry out the activity) was broken into four categories. This criterion was referred to different scaffolding behaviors that adult provided to the child to help him during the execution of the activity. The categories of this criterion was graduated according to levels of support, from those that involved more help to the child (Error correction) to those that implied less support to him (Motivating help). Criterion 3 (Child’s previous behavior) was broken down in four categories. Evasion showed the child’s inability to maintain his attention while the adult explained the activity. Anticipation referred to the child’s difficulty in inhibiting their impulses. Recall was directly related to the use of working memory. Waiting showed an adequate inhibitory process. Anticipation indicated an inadequate inhibitory process. Criterion 4 (Execution) showed the child’s behaviors during the resolution of planning activities. It was broken down in six categories. No response denoted the child inability to generate strategies to resolve the activity. Unrelated behavior involved child failures in attention. Wrong use of strategy indicated child used incorrectly his executive process and committed a mistake. Change to a wrong strategy was linked to an inadequate cognitive flexibility. Although the information was updated, it was not been done properly. Correct use of strategy entailed the child used correctly his executive process during the resolution of the activity. Change to a correct strategy was related to an adequate cognitive flexibility: the child was able to update, to check and to make his actions more adaptable to achieve a specific goal. Criterion 5 (Control) was broken down in four categories. Implicit question/Ignorance indicated a break in the sequence of actions. In this category, child realized he was stuck and he indirectly asked for help. Explicit question/Ignorance also indicated a break in the sequence of actions. Child also realized he was stuck but in this case, he verbally asked for help. Checking break implied a disruption during the child verification process. The child was unable to hold his attention until the end of this process. Regulation showed that the child verified his actions to solve adequately the activity. Criterion 6 (Error detection) was broken down in three categories. No error detection meant failures in planning (particularly as regards updating process). Error detection with aid implied that these failures persisted but the child could correct it with adult help. Error self-detection showed a greater functioning in updating process due the child was able to realize his mistake. Criterion 7 (Evaluation) was broken down in two categories. Non adjusted evaluation involved deficits in planning. The child was unable to evaluate properly the result of his actions. Adjusted evaluation involved the child was able to evaluate adequately the result of his actions.



Recording Instruments

A digital video camera was used to record the infant and adult action in each session of intervention.

For the coding process we used LINCE (v.1.2.1) (Gabín et al., 2012). This software can be downloaded free from http://lom.observesport.com/.



Data Analysis Instrument

The software GSEQ5, v.5.1 (Bakeman and Quera, 2011) was used for the data quality check (intra- and inter-observer reliability) and the lag sequential analysis. It can be downloaded for free1.




Procedure

The management team of 10 schools from a northeastern city of Spain where students with ASD can attend were informed about the research. Six schools were interested in participating in the research. After informing the parents, collecting their informed consent and applying the inclusion and exclusion criteria in the sample, nine potential participants were obtained: five presented SL1 and four presented SL2. Since, one participant did not attend all intervention sessions because of illness, the final sample was configured by eight participants (4 of each SL).

Each of the participants individually received the intervention designed to improve planning skills. This intervention (Figure 2) consisted of six tasks whose resolution required the implementation of planning skills. All tasks were oriented to real life and had a functional nature. In task 1, children were asked to order a sequence of facts showed out of order in different pictures. Task 2 consisted that children had to outline an action plan in order to find the maze’s right exit avoiding the obstacles along the way. In task 3, children had to select the necessary ingredients to elaborate a specific sandwich. Task 4 required children to choose among several dishes alternatives, the food they needed to prepare a whole menu. In task 5, children had to pack up in a suitcase with forethought all the clothes they will need to go to the beach on summer. In task 6, children were asked to program in a map their visit route to a village while visiting several places (school, library, fire station…). Children were instructed to follow some rules (i.e., do not cross the walls, walk only on the sidewalk…) and to avoid using the same route twice. Each task consisted of eight playful activities of increasing difficulty. Thus, the whole intervention was composed of 48 activities.

[image: Figure 2]

FIGURE 2. Structure of intervention and post intervention evaluation in planning skills.


The intervention for each participant took place over 24 sessions of half an hour each. In each session, two activities were carried out. The intervention lasted 3 months, with 2 sessions per week on non-consecutive days.

One month after the end of the intervention, a session was held in which each participant was given one post intervention evaluation task similar to those of the intervention. More exactly, in this task, children are asked to organize the correct order of different clothes to dress up a puppet step by step. This task consisted of three activities of increasing difficulty. The purpose of this post intervention evaluation task was to check if the level of planning skills of the participants was maintained over time.

All sessions were carried out at the children’s schools by the same educational specialist and were recorded for later viewing and analysis.

The video recordings were imported into the LINCE software and coded by an expert observer in executive functions and ASD using the ad hoc observation instrument.


Control of the Quality of the Data

The quality of the observational data was controlled using two guidelines (Anguera, 2003): (a) Qualitative: consensual agreement was used in the first session to be coded for each participant (therefore, a total of eight sessions) by three expert observers in observational methodology, ASD and executive functions; (b) Quantitative: (b1) intra-observer reliability was calculated in three sessions for each child: one belonging to task 1, another to task 6 (both sessions randomly chosen) and the post intervention task session. We selected sessions of these three tasks because these tasks were the ones analyzed in this study, as will be explained later; (b2) inter-observer reliability was also calculated in three sessions for each child: one of task 1 and one of task 6 (randomly selected sessions but taking care that they were different from those used for the calculation of intra-observer reliability) and the post intervention task session. Cohen’s kappa coefficient (Cohen, 1960) was calculated using software program GSEQ5, v.5.1. All results obtained are between 0.84 and 1.00, which according to the scale suggested by Landis and Koch (1977) corresponds to a very good agreement. Therefore, the quality of the observational data obtained was excellent.




Data Analysis


Lag Sequential Analysis

Lag sequential analysis was proposed by Bakeman (1978), and subsequently extended by Bakeman and Gottman (1986), Bakeman and Quera (2011), and Quera (2018). It is a highly effective data analysis technique for analyzing datasets compiled from observation that contain sequences of behaviors that are coded using an ad hoc observation instrument. It allows to detect those patterns of behavior, which occur with greater probability than would be predicted by chance. That is, starting with a behavior considered as a pattern generator (criterion or given behavior), and that tends to be chosen according to the objectives of each study, it looks for which other behaviors appear associated with the same with a probability greater than mere chance (conditional behaviors), both later (positive lag: +1, +2, etc.), and earlier (negative lag: −1, −2, etc.). In this way, prospective and retrospective patterns are obtained. In our investigation, these patterns allowed us to identify the sequential structure of the behaviors that the participants performed in interaction with the adult at the beginning and end of the intervention, as well as 1 month after the end of the intervention. The comparison of the patterns obtained in these three temporary moments allowed us to know their progress in the use of planning skills.

This technique has been widely used in studies that analyze sports behavior, but its use in studies in the educational field is somewhat sparse (Herrero-Nivela and Pleguezuelos, 2008; Santoyo et al., 2017; García-Fariña et al., 2018; Escolano-Pérez et al., 2019). Especially, scarce are the studies with ASD students in which this data analysis technique has been used (Canal and Rivière, 1993; Rodríguez-Medina et al., 2018). We are unaware of works in which this data analysis technique has been used to evaluate planning skills in ASD children, a novel issue that is addressed in this work.

In our study, the records of the participants were joined according to their SL (SL1 or SL2) and the task to which they corresponded.

In each group of participants (SL1 and SL2), three tasks were analyzed: task 1 and task 6 (as they were the tasks that best allowed us to know the improvement of each group during the intervention when comparing the planning skills used at the beginning and at the end of the intervention) in addition to the post intervention task (this reflected the possible maintenance of the improvement after 1 month without intervention). To perform lag sequential analysis for each group and task: (1) the same criteria behaviors were chosen: those categories considered most relevant depending on the objective of the study given that they play a central role in planning skills and the resolution of daily activities. Specifically, the following categories—appearing alone or co-occurring with others—were chosen (categories indicated in bold in Figure 1): (1a) of those referring to participants: (i) all of criterion 4 Execution: No response (NR), Unrelated behavior (Ds), Wrong use of strategy (UesEr), Change to a wrong strategy (CesEr), Correct use of strategy (UesC) and Change to a correct strategy (CesC), as they indicated the accuracy of the response/answer that the participants issued during the execution of the activity as well as their flexibility to change the strategy; (ii) of criterion 5 Control, categories Checking break (Ic) and Regulation (Rg) given that they showed the existence of check behaviors of the participants on their own action and its quality; (iii) of criterion 6 Error detection, categories No error detection (Nde) and Error self-detection (Ade) as they showed the ability of the children to update their own activity during the performance of the task and therefore to detect or not the errors produced; (iv) all categories of criterion 7 Evaluation: Non adjusted evaluation (Ena) and Adjusted evaluation (Eva) because the evaluation informs about the children’s ability to distinguish whether an objective has been achieved or not, and examine their execution/result comparatively with the demands of the task; (1b) of those categories referring to the adult, all ones of the observation instrument belonging to criterion 2 Adult help for the child to carry out the activity: Error correction (Adc), Direct help (Adp), Indirect help (Ayi), and Motivating help (Aym). They were chosen because they involved scaffolding strategies that provided support for the children in carrying out the tasks; (2) as given behaviors, all the categories that make up the observation instrument (Figure 1) were considered; (3) lag sequential analysis were performed prospectively (from +1 to +5 lags) and retrospectively (from −5 to −1 lags); (4) the level significance was set at p < 0.05.





RESULTS

Of all the patterns obtained (61 retrospective and 45 prospective patterns in SL1 group, 34 retrospective and 35 prospective patterns in SL2 group), the most relevant for this study are described below. They are the most relevant because: (a) are generated by the children or (b) they are generated by the adult but contain infant’s and adult’s behaviors. Therefore, these patterns are those allow us to know the use of infant’s planning skills. Consequently, the patterns generated by the adult that only contain adult’s behaviors are not relevant and they are not described.

Hence, the patterns generated by each group of participants in each task analyzed are presented, in addition to the patterns generated by the adult that included behaviors of the participants of each group in each task. Thus, Figures 3–5 contain the patterns of SL1 group and the patterns of the adult in task 1, task 6, and in the post intervention task, respectively; Figures 6–8 contain the patterns of SL2 group and the adult’s ones in the same tasks. Within each figure, the patterns of the participants appear organized increasingly based on the suitability that the criterion behavior implies for the resolution of the task. Therefore, those patterns of the participants whose criterion behavior is less suitable are presented first and then those in which their criterion behavior is more appropriate. Adult patterns are presented starting with those whose criterion behavior implies more direct adult help to the participants and ending with those who assume less direct adult help. Figures 9–11 show the comparison of patterns obtained in each task for each group.
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FIGURE 3. Prospective and retrospective patterns obtained in SL1 group. Task 1.
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FIGURE 4. Prospective and retrospective patterns obtained in SL 1 group. Task 6.
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FIGURE 5. Prospective and retrospective patterns obtained in SL 1 group. Post intervention task.
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FIGURE 6. Prospective and retrospective patterns obtained in SL2 group. Task 1.
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FIGURE 7. Prospective and retrospective patterns obtained in SL2 group. Task 6.
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FIGURE 8. Prospective and retrospective patterns obtained in SL2 group. Post intervention task.
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FIGURE 9. Comparison of the patterns obtained in each group in task 1.
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FIGURE 10. Comparison of the patterns obtained in each group in task 6.
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FIGURE 11. Comparison of the patterns obtained in each group in the post intervention task.


To facilitate the jointly reading of the patterns described and its representation in the Figures we indicate at the beginning of each paragraph the code and name of the criterion behavior that generated the patterns described.

Figures 3–5 show that in SL1 group the categories of participants considered as criterion behavior that have generated patterns occurring alone and/or co-occurring with other categories are: Wrong use of strategy (UesEr), Change to a wrong strategy (CesEr), Correct use of strategy (UesC), Change to a correct strategy (CesC), Regulation (Rg), No error detection (Nde), Error self-detection (Ade), and Adjusted evaluation (Eva). The categories of participants considered as criterion behavior that have not generated patterns are: No response (NR), Unrelated behavior (Ds), Cheking break (Ic), and Non adjusted evaluation (Ena).

UesEr (Wrong use of strategy): We begin by presenting the patterns generated by the criterion behavior less suitable for the resolution of the tasks: Wrong use of strategy (UesEr). It is appreciated that these patterns appear in the three tasks. In task 1 (Figure 3), UesEr generates three prospective patterns and one retrospective pattern. This retrospective pattern indicates that children use wrongly a strategy (UesEr) despite the fact that the adult previously offers them a concrete guide that points and directs them toward the adequate resolution of the activity (Direct help -Adp- in lag −1). Previously, participants execute more Wrong use of strategy (UesEr): in lag −2, UesEr co-occurs with verification behaviors (Regulation -Rg-) and incorrect evaluation behaviors (Non adjusted evaluation -Ena-) which hamper the participants from being able to change the type of response given; in lag −3, UesEr occurs in isolation. Participants persist executing these wrong actions despite the adult offers them more and different helps: help to understand the activity (Repetition -Rep- in lag −4) and, again, help to execute it (Direct help -Adp- in lag −5). In brief, this retrospective pattern indicates that Wrong use of strategy (UesEr) is a repetitive behavior in the action of participants despite the numerous adult helps. Prospective patterns indicate that a more direct and explicit adult intervention such as Error correction (Adc) is necessary for participants to perform correct strategies (either Change to a correct strategy -CesC- or Correct use of strategy -UesC-). In task 6 (Figure 4), this criterion behavior UesEr only generates three prospective patterns. After UesEr, the adult offers an Indirect help (Ayi). This help can sometimes be effective and can be followed by correct answers from the participants (Change to a correct strategy -CesC-). However, other times this adult help cannot be effective and then: (a) children can continue executing incorrect answers (more exactly, they can commit errors and do not detect them: Change to a wrong strategy with No error detection -CesErNde-) or (b) adult can offer more direct help to participants (Error correction -Adc-). In the post intervention task (Figure 5), this criterion behavior UesEr generates a single prospective and retrospective linear pattern, which implies a lower variability of child behavior. The pattern is prospective and retrospectively similar, as the participants can perform both Change to a correct strategy (CesC) and Change to a wrong strategy (CesEr). It is important to note that when errors occur, participants are always able to self-detect them for themselves (Ade, CesErAde). In addition, it stands out that prospectively, participants can perform all these skills autonomously, without adult help.

Therefore, as the intervention progresses and after its completion: (a) Wrong use of strategy (UesEr) is accompanied by a less adult intervention (some of these adult helps being gradually less explicit), until it can sometimes disappears in the post intervention task; (b) in addition, in this task, the participants themselves are able to self-detect their mistakes (Ade); aspect absent in tasks 1 and 6, and therefore implies progress in their planning skills; (c) the patterns are stabilizing, that is, there is not so much diversification of behaviors, as at the beginning of the intervention several patterns appear and in the post intervention task only one. This implies that Wrong use of strategy (UesEr) is decreasing, which also implies improvement, although it does not disappear. Therefore, there is still a possibility of progress in child behavior in this regard, although in turn we cannot forget the significant gain produced in terms of the self-detection of mistakes (Ade).

UesErRg (Wrong use of strategy co-occurring with Regulation): This criterion behavior generates patterns in tasks 1 and 6, but not in the post intervention task. In task 1 (Figure 3), UesErRg generates three prospective patterns and four retrospective patterns. However, prospective patterns are very brief (binary patterns) and are mainly made up of adult behaviors (Error correction -Adc-; Direct help -Adp-; Indirect help -Ayi-), without containing appropriate behavior of the participants (No error detection -Nde- is the only category appearing for participants). Therefore, these aids do not favor the emergence of appropriate child behaviors with greater force than those expected by chance. In retrospective patterns, adult intervention is also frequent, both to assist participants in understanding the task (Command -Ord- and Repetition -Rep-) and in its execution (Indirect help -Ayi-). Despite these aids, participants are not able to make correct answers, persisting in Wrong use of strategy (UesEr), sometimes accompanied by regulatory behaviors (Rg) but other times without detecting their error (Nde). In task 6 (Figure 4), UesErRg generates a single prospective and retrospective linear pattern. Prospectively, it is necessary adult Direct help (Adp) to participants change their strategy and give a correct answer (CesC) accompanied by regulatory behaviors (Rg). Retrospectively, participants use autonomously and correctly a strategy (UesC), also accompanied by regulatory behaviors (Rg). Therefore, there is a gain comparative to task 1, because the participants are able to execute correct behaviors (UesC and CesC), although sometimes they need adult help (Adp) to get it.

CesErNde (Change to a wrong strategy with No error detection): This criterion behavior only produces a pattern in task 6 (Figure 4). It is a single prospective pattern in which participants, thanks to Direct help from the adult (Adp), can change again their strategy and give a correct answer (CesC).

CesErAde (Change to a wrong strategy with Error self-detection) generates a pattern in the post intervention task (Figure 5), both prospectively and retrospectively. It is a linear pattern. The appearance of Error self-detection (Ade) (comparative to No error detection -Nde- that appears in task 6, and which has been described in the previous paragraph) implies progress. That is, although in both tasks the participants make mistakes, in task 6 they do not detect them and in the post intervention task they do. However, this Error self-detection does not entail an immediate correction of the error by the participants, as it is followed by adult help (Repetition -Rep- in lag +2) and Wrong use of strategy (UesEr in lag +3) until the participants execute correct actions (CesC in lag +5).

UesC (Correct use of strategy) generates patterns in all three tasks, being in all cases prospective patterns, never retrospective patterns. In task 1 (Figure 3) a binary pattern appears combined with an intervention of the adult (Motivating help -Aym-), although this adult behavior does not favor other child behavior. In task 6 (Figure 4) a binary pattern appears in which Correct use of strategy (UesC) leads to another Correct use of strategy (UesC). In the post intervention task (Figure 5) a pattern appears in which Correct use of strategy (UesC) implies that the adult performs Motivating help (Aym), then the participants continue with Correct use of strategy (UesC). Therefore, there is progress between task 1 and task 6 because in task 1, despite the help of the adult, no response was obtained from the participants, while in task 6, UesC is followed by another UesC autonomously, without requiring adult participation. However, after a period of non-intervention (post intervention task) it is appreciated that these skills are not consolidated as participants need adult intervention to maintain Correct use of strategy (UesC).

UesCRg (Correct use of strategy co-occurring with Regulation): Its capacity to generate patterns increases as the intervention progresses, as it does not generate patterns in task 1 but does in task 6 (Figure 4). This capacity to generate patterns is maintained 1 month after the end of the intervention as UesCRg behavior also generates a pattern in the post intervention task (Figure 5). The patterns that are generated in task 6 (Figure 4) are 1 prospective and 2 retrospective ones. In the latter (retrospective patterns) Indirect help of the adult (Ayi) prevails while in the prospective one Adjusted evaluation (Eva) appears in several lag. Despite the important progress of this Eva behavior, its use does not seem to be consolidated since it does not appear in the post intervention task (Figure 5). In this task, retrospectively, Indirect help of the adult (Ayi) is still necessary to maintain Correct use of strategy (UesC) with Regulation (Rg). Prospectively, adult help (in this case Motivating help -Aym-) is also necessary for the execution of these behaviors. Therefore, in the post intervention task, participants need adult help, of one kind or another, to use their strategies correctly and with regulation.

CesC (Change to a correct strategy): It does not generate patterns in task 1 (Figure 3), but it does in the other two tasks. In both tasks, it generates a prospective and retrospective linear pattern that highlights the following comments. Retrospectively, in task 6 (Figure 4), participants are able to Change to a correct strategy (CesC) due to having received a direct adult help (Adp) to replace their previously erroneous strategies (UesEr). However, in the post intervention task (Figure 5), the adult help disappears. The children can autonomously Change to a correct strategy (CesC) since they are able to self-detect the errors (Ade) they have previously performed (UesEr); this implies progress in their planning skills.

Ade (Error self-detection): This criterion behavior only generates patterns in the post intervention task (Figure 5). It does it both alone and co-occurring with CesEr (this pattern had already been commented previously). In addition, it is the only task in which this category Ade also appears as part of the patterns generated by other criteria behaviors. Therefore, the appearance of Error self-detection (Ade) in the post intervention task represents a progress in the planning processes of SL1 group participants. Also, in most of the patterns in which Ade appears (either generating patterns or forming part of others) adult help no appears. Therefore, Ade favors a more autonomous activity in children.

Eva (Adjusted evaluation): It only generates one pattern in task 6 (Figure 4). It is a retrospective pattern. For children to perform a result and evaluate it correctly (Eva) they have previously used correct strategies in a regulated way (UesCRg in lag −1, lag −3 and lag −5). These correct behaviors have been favored by adult Indirect help (Ayi in lag −2 and lag −4). It is noteworthy that Adjusted evaluation (Eva) appears in task 6 not only generating patterns but also forming part of other patterns. In contrast, in task 1, it does not appear in any pattern. Therefore, the Adjusted evaluation (Eva) does not appear in the patterns corresponding to the start of the intervention but does in those referring to its completion (also generating a pattern by itself), representing progress in the skills of the participants. However, this progress is not consolidated as in the post intervention task (Figure 5) Adjusted evaluation (Eva) it does not generate a pattern nor is it part of other patterns.

In summary, the patterns of SL1 group indicate that these participants have advanced in their planning skills throughout the intervention and after it, given that: (a) less and less adult help is required to participants perform correct behaviors; (b) the patterns generated by Wrong use of strategy (UesEr) (both occurring alone and co-occurring with other behavior) are decreasing; and although they do not disappear, the behaviors referring to No error detection (Nde) that appeared in some patterns during the intervention are replaced by Error self-detection (Ade) 1 month after its completion; (c) in task 6 Change to a wrong strategy (CesEr) generates a pattern by co-occurring with No error detection (Nde) while in the post intervention task it is co-occurring with Error self-detection (Ade); (d) Adjusted evaluation (Eva) appears for the first time in task 6, both generating a pattern and forming part of other patterns; (e) in the post intervention task the participants are able to detect by themselves their errors (Ade) and replace them with correct strategies (Change to a correct strategy -CesC-), even without needing the help of the adult.

Regarding the patterns generated by adult behaviors in SL1 group (Figures 3–5), the following is observed. Only the criteria behaviors Direct help (Adp) and Indirect Help (Ayi) generate patterns.

Adp (Direct help) generates patterns in task 1 (Figure 3) and in task 6 (Figure 4), but not in the post intervention task (Figure 5). Therefore, in this last task, the category’s capacity to generate patterns has decreased, which implies that 1 month after the intervention the participants are able to be more autonomous in their actions. However, their autonomy is not total due to other adult behaviors (Indirect Help -Ayi- and Motivating help -Aym-) appear even in this last task (post intervention task).

Ayi (Indirect help): This adult category generates patterns in the three tasks. In task 1 (Figure 3) and in task 6 (Figure 4), these patterns contain children’s actions both adequate (Change to a correct strategy -CesC-; Correct use of strategy with Regulation -UesCRg-; Adjusted evaluation -Eva-) and/or inadequate (Wrong use of strategy with Regulation -UesErRg-; Wrong use of strategy -UesEr-; Change to a wrong strategy with No error detection -CesErNde-). Nevertheless, in the post intervention task (Figure 5), these patterns contain only adequate children’s actions (Correct use of strategy -UesC-; Correct use of strategy with Regulation -UesCRg-). Hence, effectiveness of Indirect help (Ayi) is greater after the end of the intervention.

Figures 6–8 contain the patterns of SL2 group in tasks 1, 6 and post intervention task, respectively; as well as the patterns generated by adult behaviors with this group and in those tasks.

In SL2 group, the categories of participants considered as criterion behavior that have generated patterns occurring alone are: Wrong use of strategy (UesEr), Change to a wrong strategy (CesEr), Correct use of strategy (UesC), and Change to a correct strategy (CesC). In addition, the categories Correct use of strategy (UesC) and Change to a correct strategy (CesC) have generated patterns co-occurring with the category Regulation (Rg). The categories of participants considered as criterion behavior that have not generated patterns are: No response (NR), Unrelated behavior (Ds), Checking break (Ic), No error detection (Nde), Error self-detection (Ade), Non adjusted evaluation (Ena), and Adjusted evaluation (Eva).

UesEr (Wrong use of strategy): This criterion behavior is the least suitable for the resolution of tasks. It generates a pattern in tasks 1 and 6 but not in the post intervention task. In task 1 (Figure 6), it generates a linear prospective pattern in which, after Direct help of the adult (Adp), participants perform Change to a correct strategy (CesC). In task 6 (Figure 7), comparative to the execution in task 1, a progress is detected because: (1) correct behaviors (CesC, UesC) appear without adult intervention (adult help is not necessary for participants to replace their wrong strategies with correct ones); (2) furthermore, some of these participants’ correct behaviors are regulated (Rg), which implies that participants are able to verify their actions. In the post intervention task (Figure 8), Wrong use of strategy (UesEr) does not generate patterns, indicating a significant gain in the skills of the participants.

CesEr (Change to a wrong strategy): This criterion behavior only generates a pattern in task 6 (Figure 7). It is a prospective pattern. Despite adult help (Repetition - Rep-) the participants do not detect their errors (Nde) and persist in them (Wrong use of strategy -UesEr-).

UesC (Correct use of strategy) generates prospective and retrospective patterns in the three tasks (Figures 6–8). Prospectively, Motivating help (Aym) is always necessary, and/or Indirect help (Ayi) in the case of the post intervention task, so that the participants continue performing Correct use of strategy (UesC). Retrospectively, adult intervention is also necessary for participants to perform Correct use of strategy (UesC), although these aids are more direct at the beginning and at the end of the intervention than a month later: in task 1 (Figure 6), Command (Ord) appears and in task 6 (Figure 7), Direct help (Adp) appears, while in the post intervention task (Figure 8) Motivating help (Aym) and Indirect help (Ayi) appear. Therefore, 1 month after the intervention, the participants show more autonomy than at the beginning and at the end of the intervention, although they still require adult help.

UesCRg (Correct use of strategy co-occurring with Regulation) generates prospective and retrospective patterns in all three tasks. In tasks 1 and 6 (Figures 6 and 7, respectively) the patterns are very similar as, both prospectively and retrospectively, adult interventions of various types appear (Motivating help -Aym-; Direct help -Adp-; Indirect help -Ayi-; Repetition -Rep-; Command -Ord-) that allow participants to take correct actions (UesCRg, CesCReg, CesC). However, in the post intervention task (Figure 8) adult intervention is no longer necessary for participants to perform correct actions (UesCRg), which implies greater autonomy.

CesC (Change to a correct strategy) only generates patterns in task 6 and this happens both alone and by co-occurring with Regulation (Rg). The pattern generated by occurring alone is a prospective pattern showing that although at the end of the intervention the participants are able to correctly change and use a different strategy from the one previously used (CesC), they need adult help at various times (Motivating help -Aym- in lag +1 and Indirect help -Ayi- in lag +3) to continue to perform more correct actions (UesCRg). It stands out that these correct actions are accompanied by behaviors of Regulation (Rg), that is, verification behaviors to check that their action is correct.

CesCRg (Change to a correct strategy co-occurring with Regulation): It generates a prospective pattern very similar to that originated by itself alone (CesC), which has just been explained. This pattern, as already indicated, also appears in task 6 (Figure 7). This pattern generated by CesCRg is shorter than that originated by CesC, as fewer adult aids are needed (Motivating help -Aym- in lag +1) for the participants to continue to carry out more correct actions (these also with regulation -UesCRg-). Therefore, the comparison of the two patterns shows that the regulation performed by the children while they are changing their strategy (CesCRg) entails a lower need for adult help.

In summary, the patterns of SL2 group indicate that these participants have improved their planning skills throughout the intervention and after its completion because: (a) the patterns generated by both Wrong use of strategy (UesEr) and by Change to a wrong strategy (CesEr) disappear after the intervention; (b) the adult help children need to perform Correct use of strategy (UesC) is less directive (although it does not disappear), which implies greater autonomy for the children; (c) sometimes, adult help even disappears in the post intervention task (it occurs in the patterns generated by Correct use of strategy co-occurring with Regulation -UesCRg-) and children can perform more correct actions alone. This gain corroborates their greater autonomy.

Concerning the patterns generated by adult behaviors in SL2 group (Figures 6–8), the following is observed. The criteria behaviors Direct help (Adp) and Indirect help (Ayi) generate patterns. However, the criteria behaviors Error correction (Adc) and Motivating help (Aym) do not generate patterns.

Adp (Direct help) generates a pattern in task 1 and task 6 (Figures 6 and 7), favoring participants to make correct answers (CesC, UesCRg, CesCRg, UesC). However, Adp does not generate a pattern in the post intervention task (Figure 8). Therefore, in this task the participants show more autonomy and do not require adult directive assistance; which indicates progress in their planning skills.

Ayi (Indirect help) generates patterns in all three tasks (Figures 6–8). Its effect on the action of the participants is similar to the other adult help (Direct help -Adp-) because it also allows them to perform correct actions (UesC, UesCRg, CesC). However, Ayi continues generating patterns in the post intervention task (Figure 8). Therefore, this result (generation of patterns by Indirect help -Ayi- in the three tasks) together with that previously explained (generation of patterns by Direct help -Adp- in task 1 and 6 but not in the post intervention task) allows for the following conclusion: although the participants show more autonomy in the post intervention task than in task 1 and 6, they are not yet totally autonomous in their behavior.

The category Motivating help (Aym), despite not generating patterns in any of the three tasks, does appear in all of them as part of other patterns (Figures 6–8). This corroborates our previous statement: the participants have gained autonomy but are not yet totally autonomous in their behavior.

Comparing the patterns obtained by SL1 and SL2 groups throughout the intervention and after its completion (Figures 9–11), the following is observed: (1) both groups have progressed; (2) however, this progress is qualitatively different as it affects distinct planning skills: (2a) SL1 group progresses in the use of evaluation skills (Ena and Eva) and Error self-detection (Ade) (marked in bold and underlined in Figures 9–11). In task 1 (Figure 9), this group performs evaluations, but incorrect ones (Non adjusted evaluation -Ena-). At the end of the intervention (task 6; Figure 10) these evaluations are correct (Adjusted evaluation -Eva-), and they appear generating a pattern, but also forming part of other patterns. These evaluations are not maintained 1 month after the end of the intervention (post intervention task; Figure 11). However, in this post, intervention task for the first time Error self-detection (Ade) appears, both generating patterns and being part of others. So, No error detection (Nde) that appears in task 1 and task 6 is replaced by Error self-detection (Ade) in the post intervention task (marked in bold and underlined in Figures 9–11). All this allows us to conclude that SL1 group progresses in complex planning skills. (2b) In contrast, SL2 group presents changes only in more basic planning skills: Wrong use of strategy (UesEr), Change to a wrong strategy (CesEr), Correct use of strategy (UesC) and Change to a correct strategy (CesC). Specifically, incorrect behaviors (both Wrong use of strategy -UesEr- and Change to a wrong strategy -CesEr-) disappear 1 month after the end of the intervention (post intervention task; Figure 11). Correct behaviors (UesC and CesC) are performed with less adult help. At the beginning of the intervention (Figure 9) the adult’s continuous help is necessary for participants to carry out these correct behaviors (UesC and CesC) (aspect marked in bold and underlined in Figure 9). At the end of the intervention (Figure 10), in some cases, they can occur without adult help (aspect marked in bold and underlined in Figure 10). One month after the end of the intervention (Figure 11), Correct use of strategy co-occurring with Regulation (UesCRg) generates a long pattern without adult intervention (pattern marked in bold and underlined in Figure 11). Complex planning skills (Non adjusted evaluation -Ena-; Adjusted evaluation -Eva-; Error self-detection -Ade-) do not appear in this group in any of the three tasks.



DISCUSSION

There were two objectives of this study: (1) to show that the mixed methods approach can be useful in studying planning skills of children with ASD during and after an educational intervention; (2) to assess whether the planning skills of two groups of children with ASD (grouped according to their SL) improved during the intervention and if this progress was maintained 1 month after the end of the intervention.

Regarding objective 1, the mixed methods approach used in this work has allowed us to study in a rigorous and objective way the planning skills of children with ASD during and after the intervention. The first QUAL phase that constitutes the mixed methods approach have allowed us to address a pending challenge in the investigation of planning skills in ASD: create and implement an assessment instrument within an intervention capable of obtaining, in a natural and objective way, observational data on the functioning of the person. All that without altering the interactions that arise between children and adults in the dynamics of the intervention or adding extra evaluation elements that overload both (Gioia et al., 2010). In this sense, the constructed observation instrument (Figure 1) is a tool that can be of great help for future researchers and professionals in the evaluation of planning skills in children with ASD. Subsequently, the QUAN phase of the mixed methods approach followed. It implied to obtain the measurement parameters, to test the quality of the coded observational data and to carry out its analysis. Our initial observational dataset was qualitative but was transformed into quantitative data using lag sequential analysis (a quantitative analysis technique suitable for qualitative data). Since our initial dataset contained information not only about the primary parameter of frequency but also about other essential primary parameter, such as order (Bakeman, 1978; Anguera et al., 2001; Bakeman and Quera, 2011; Quera, 2018), quantification was robust. The consideration of the order parameter provided us with the means to know the different components of sequences of behavior as it occurred. Thereby, the order parameter was crucial for detecting hidden structures through the quantitative analysis of relations among different codes in our initial observational dataset. However, before carrying out this analysis, it was necessary to check the quality of the observational data. In this study, the quality of observational data was verified through intra- and inter-observer reliability. They were computed through Cohen’s kappa coefficient. All results showed a very good agreement. So, we could conclude that the observational data obtained was excellent. Consequently, we could analyze them. As we have already indicated, data analysis was conducted using a particularly fitting technique for analyzing complex human behaviors in order to obtain detailed sequences of behaviors: lag sequential analysis. This technique offered patterns of behavior that inform the sequential structure of planning skills performed by children in interaction with the educational specialist. Thereby, the mixed methods approach has allowed to capture a large amount of invaluable information through other methodologies. In most of the research carried out with participants with ASD that try to analyze the effects of interventions on different areas of their development other methodologies (especially, selective methodology) are used. However, data obtained in these methodologies do not inform the changes and differences produced between the beginning and the end of the intervention (Kasari et al., 2014). In contrast, mixed methods approach used in this study allows to capture these changes and differences. Finally, we returned to QUAL phase of the mixed methods approach with the interpretation of the patterns behavior, permitting seamless integration. To do so, we considered the objectives of our study and prior researches. So, we could conclude that the two groups of children with ASD improved their planning skills during and after the intervention. (We explain this aspect more deeply later since it is closely linked to our objective 2).

In short, the mixed methods approach adopted has shown its enormous potential to help us to study the improvement of the planning skills of children with ASD, and consequently, to improve their quality of life; aspect that proves to be particularly deficient in children and adolescents with ASD compared to their typically developing peers (de Vries and Geurts, 2015). Therefore, and in accordance with other authors (Arias-Pujol et al., 2015; Rodríguez-Medina et al., 2016, 2018; Alcover et al., 2019), we advocate the use of mixed methods approach. The use of the mixed methods approach (and, more exactly, the observational methodology considered in itself as mixed methods), due it offers rigor and flexibility, is still more necessary and useful when it comes to the assessment of participants of a young age and special characteristics, as is the case of this study (Anguera, 2003).

Regarding objective 2, the results obtained indicate that the intervention involved gains for both groups of participants since the two groups improved their initial planning skills. Some of these gains were common for both groups and others specific to SL1 group. Both groups: (1) made fewer mistakes (UesEr and CesEr); (2) performed more correct executions (UesC and CesC). Both aspects (1 and 2) imply that the participants’ behavior was adjusting to the demands of the task; (3) acquired greater autonomy in their actions: the application of scaffolds during the intervention are gradually less directive and once the intervention finished, participants became more proficient and autonomous. In addition to these gains, SL1 group was also able to: (a) self-detect their mistakes (Ade) and (b) evaluate properly their action (Eva); sometimes even being able to do it autonomously. Since both types of skills (Ade and Eva) constitute complex planning skills (Zelazo et al., 1997; Ward and Morris, 2005), it can be said that, after the intervention, SL1 group came to use complex planning skills autonomously. However, SL2 group never used complex planning skills (with or without the help of the adult), which entails negative consequences in the resolution of tasks, since effective planning implies a cyclical and continuous process in which the self-detection of errors and the evaluation of performance and results are required, in addition to other skills (Hill, 2004a; Olde Dubbelink and Geurts, 2017).

In summary, the results obtained allow us to conclude that this research has led to a breakthrough in terms of the numerous possibilities of practical application offered by the mixed methods approach as well as an advance in the very scarcely studied field of planning skills in ASD (Olde Dubbelink and Geurts, 2017).

The intervention has produced positive effects in both groups of participants. The literature review indicates that executive functions and in particular planning skills in children with ASD show an atypical development trajectory. Without intervention, their executive deficits persist throughout their life cycle, remaining below the performance of their standard developing peers (Pellicano, 2010). Hence the importance of carrying out research such as described here, to understand the improvement produced by different interventions on executive functions in children with ASD.

This is also precisely one of the positive aspects of this work: focus on one of the executive function deficits in children with ASD such as planning. The majority of studies, and even more of the interventions, are focused on the core deficits of ASD (especially, difficulties in social communication and interaction), forgetting other problems that affect these people and their quality of life (Bond et al., 2016).

Despite the progress shown by the two groups of participants after the intervention, the results obtained in this study indicate that both are susceptible to continue improving their planning skills. Therefore, it is recommended to incorporate some improvements into the intervention: (1) to prolong the intervention over time by increasing the number of tasks and activities in order to SL1 group continue progressing and strengthening their complex planning skills and SL2 group begin to use them; (2) to provide a more specific scaffolding adjusted to the level of development shown by the participants, especially those of SL2 group. This would imply modifying the support of the adult to guide the tasks, incorporating the systematic teaching of a series of strategies that cognitively enhance more complex behaviors in both groups of children (Meinchenbaum, 1974); (3) to increase the number of activities in the post intervention task; (4) to establish another subsequent post intervention measurement point to see if the effects of the intervention are maintained for a longer period. It could be 3 or 6 months later the post intervention task; (5) to design activities and tasks to try to extend the benefits of the intervention to other tasks similar to those training tasks used during the intervention (near transfer), as well as transfer to behavior on less similar non-trained tasks (far transfer) (Zelazo et al., 2017).

It should not be forgotten that the sample of this study is small. Therefore, the improvement observed in the two groups of participants should be taken with caution. In this sense, it would be necessary to have a larger sample in order to obtain a greater amount of data that support these findings. The small sample size was due to the inherent complexity involved in any intervention with this type of population, together with the difficulties of accessing a larger number of participants. In relation to this last aspect, it would be a challenge to promote models of collaboration between educational and research centers that foster practical research focused on innovative pedagogical strategies, as well as evidence-based interventions to improve the quality of educational practice in the field of autism (Locke et al., 2016; Stahmer et al., 2017).

Although, as we have already mentioned, this study shows the improvement of planning skills of each group both during and after the intervention, we consider it would be interesting to carry out an individual analysis of the records of each participant in the future. This would allow us to obtain a greater knowledge of the progress that each one of them was achieving, and therefore, adjust the intervention more to their needs.

Given the relevance of executive functions for integral development and adequate adaptation to daily life, and consequently, the great obstacle that their executive deficits involve to people with ASD, we believe that in the future other interventions should be designed to improve different executive components such as flexibility, inhibition, etc. This study and its suggestions for improvement indicated previously, could contribute in this area.

On the other hand, at the methodological level and more exactly in relation to data analysis, in the future, this study could be complemented by including other observational data analysis techniques different from the one used here (lag sequential analysis), such as polar coordinate analysis (Sackett, 1980; Anguera et al., 2018b) and temporal pattern (T-patterns) detection (Magnusson et al., 2016). We are unaware of works in which these data analysis techniques have been used for the evaluation of planning skills in children with ASD. Although the specifics of each of these three observational data analysis techniques (lag sequential analysis, polar coordinate analysis, and T-pattern detection) differ, all of them allow to analyze and increase understanding of the internal structure of observed behavior, as evidenced by the only two works we know that have applied these three techniques together for the analysis of child behavior, and also in school context (Santoyo et al., 2017; Escolano-Pérez et al., 2019). Consequently, the complementary use of these three powerful data analysis techniques would allow a more exhaustive evaluation of the planning skills of children with ASD.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation, to any qualified researcher.



ETHICS STATEMENT

Research was evaluated and approved by the Education Doctoral Program Academic Commission of Zaragoza University. Research was also approved by the school management teams. In accordance with the Organic Law 15/1999 of December of Protection of Personal Data (1999, BOE n_ 298 of December 14) all the parents of the participants signed the informed consent authorizing the participation of their children in the study and being recorded while playing. In addition, and following the guidelines of the aforementioned law, the observers signed the confidentiality agreement. No ethics special approval was required for this research since the Spanish public education system and national regulations require no such approval. Each participant received a small reward (two chocolates) in gratitude for their participation.



AUTHOR CONTRIBUTIONS

EE-P involved in conceptual and methodological structure, literature review, systematic observation, drafting of the manuscript, results and discussion. MA-F involved in collecting data, systematic observation, literature review and drafting of the manuscript and also contributed to results and its discussion. MH-N involved in methodological structure, data analysis, results and discussion. All of the authors contributed to revising the manuscript and provided final approval of the version to be published.



FUNDING

We gratefully acknowledge the support of the Spanish Government project (Ministerio de Ciencia, Innovación y Universidades, Programa Estatal de Generación de Conocimiento y Fortalecimiento Científico y Tecnológico del Sistema I + D + i): New approach of research in physical activity and sport from mixed methods perspective (NARPAS_MM) [SPGC201800X098742CV0]. The authors also gratefully acknowledge the support of the two Spanish Government projects (Ministerio de Economía y Competitividad): (1) La actividad física y el deporte como potenciadores del estilo de vida saludable: Evaluación del comportamiento deportivo desde metodologías no intrusivas (Grant number DEP2015-66069P and MINECO/FEDER, UE) and (2) Avances metodológicos y tecnológicos en el estudio observacional del comportamiento deportivo (PSI2015-71947-REDP, MINECO/FEDER, UE). In addition, the authors thank the support of the Aragon Government Research Group, Grupo de Investigación de Referencia “Educación y Diversidad” (EDI) [Grant number S49_17R; Proyect number 262127] and the Department of Psychology and Sociology of University of Zaragoza. Lastly, MA-F acknowledges the support of the University of Zaragoza Research Grant [FPUZ-2011-SOC-02].


FOOTNOTES

1http://www.ub.es/comporta/sg/sg_s_download.htm


REFERENCES

 Alcover, C., Mairena, M. A., Mezzatesta, M., Elias, N., Díez-Juan, M., Balañá, G., et al. (2019). Mixed methods approach to describe social interaction during a group intervention for adolescents with autism spectrum disorders. Front. Psychol. 10:1158. doi: 10.3389/fpsyg.2019.01158 

 Amadó, A., Serrat, E., and Vallès-Majoral, E. (2016). The role of executive functions in social cognition among children with down syndrome: relationship patterns. Front. Psychol. 7:1363. doi: 10.3389/fpsyg.2016.01363 

 American Psychiatric Association (2013). Diagnostic and statistical manual of mental. 5th Edn. Arlington: American Psychiatric Publishing.

 Anguera, M. T. (2001). Cómo apresar las competencias del bebé mediante una aplicación de la metodología observacional [How to capture the baby’s skills through an application of observational methodology]. Contextos Educativos 4, 13–34. doi: 10.18172/con.484

 Anguera, M. T. (2003). “Observational methods (general)” in Encyclopedia of psychological assessment. Vol. 2. ed. R. Fernández-Ballesteros (London: Sage), 632–637.

 Anguera, M. T., Blanco-Villaseñor, A., and Losada, J. L. (2001). Diseños observacionales, cuestión clave en el proceso de la metodología observacional [Observational designs, a key issue in the process of observational methodology]. Metodol. Cienc. Comport. 3, 135–160.

 Anguera, M. T., Blanco-Villaseñor, A., Losada, J. L., and Portell, M. (2018a). Pautas para elaborar trabajos que utilizan la metodología observacional [Guidelines for developing studies that use the observational methodology]. Anu. Psicol. 48, 9–17. doi: 10.1016/j.anpsic.2018.02.001

 Anguera, M. T., Camerino, O., Castañer, M., Sánchez-Algarra, P., and Onwuegbuzie, A. J. (2017). The specificity of observational studies in physical activity and sports sciences: moving forward in mixed methods research and proposals for achieving quantitative and qualitative symmetry. Front. Psychol. 8:2196. doi: 10.3389/fpsyg.2017.02196 

 Anguera, M. T., Portell, M., Chacón-Moscoso, S., and Sanduvete-Chaves, S. (2018b). Indirect observation in everyday contexts: concepts and methodological guidelines within a mixed methods framework. Front. Psychol. 9:13. doi: 10.3389/fpsyg.2018.00013

 Arias-Pujol, E., and Anguera, M. T. (2017). Observation of interactions in adolescent group therapy: a mixed methods study. Front. Psychol. 8:1188. doi: 10.3389/fpsyg.2017.01188 

 Arias-Pujol, E., Fieschi, C., Castelló, J., Miralbell, A., Soldevila, E., Sánchez-Caroz, E., et al. (2015). Efectos de la imitación en la interacción social recíproca en un niño con trastorno del espectro autista grave [Effects of imitation on reciprocal social interaction in a child with severe autism spectrum disorder]. Rev. Psicopatol. Salud Ment. Niño Adolesc. 25, 9–20.

 Bakeman, R. (1978). “Untangling streams of behavior: sequential analysis of observation data” in Observing Behavior, Data Collection and Analysis Methods. Vol. 2. ed. G. P. Sackett (Baltimore, MD: University of Park Press), 63–78.

 Bakeman, R., and Gottman, J. M. (1986). Observing interaction: An introduction to sequential analysis. New York, NY: Cambridge University Press.

 Bakeman, R., and Quera, V. (2011). Sequential analysis and observational methods for the behavioral sciences. Cambridge: Cambridge University Press.

 Bernier, A., Whipple, N., and Carlson, S. M. (2010). From external regulation to self-regulation: early parenting precursors of young children’s executive functioning. Child Dev. 81, 326–339. doi: 10.1111/j.1467-8624.2009.01397.x 

 Bibok, M. B., Carpendale, J. I. M., and Müller, U. (2009). Parental scaffolding and the development of executive function. New Dir. Child Adolesc. Dev. 123, 17–34. doi: 10.1002/cd.233

 Bond, C., Symes, W., Hebron, J., Humphrey, N., Morewood, G. D., and Woods, K. (2016). Educational interventions for children with ASD: a systematic literature review 2008-2013. Sch. Psychol. Int. 37, 303–320. doi: 10.1177/0143034316639638

 Canal, R., and Rivière, A. (1993). La conducta comunicativa de los niños autistas en situaciones naturales de interacción [The communicative behavior of autistic children in natural interaction situations]. Estud. Psicol. 50, 49–74.

 Carlson, S. M. (2009). Social origins of executive function development. New Dir. Child Adolesc. Dev. 123, 87–97. doi: 10.1002/cd.237

 Carlson, S. M., Zelazo, P. D., and Faja, S. (2013). “Executive function: body and mind” in Oxford handbook of developmental psychology: Body and mind. ed. P. D. Zelazo (New York, NY: Oxford University Press), 706–743.

 Cohen, J. (1960). A coefficient of agreement for nominal scales. Educ. Psychol. Meas. 20, 37–46.

 Corral, S., Arribas, D., Santamaría, P., Sueiro, M. J., and Pereña, J. (2005). Escala de Inteligencia de Weschler para niños-4ª Edición (WISC-IV). (Versión española) [Wechsler Intelligence Scale for Children-Four Edition (WISC-IV). (Spanish Version)]. Madrid: TEA Ediciones.

 Creswell, J. W., and Plano Clark, V. L. (2011). Designing and conducting mixed methods research. 3rd Edn. Thousand Oaks, CA: Sage.

 de Vries, M., and Geurts, H. (2015). Influence of autism traits and executive functioning on quality of life in children with an autism spectrum disorder. J. Autism Dev. Disord. 45, 2734–2743. doi: 10.1007/s10803-015-2438-1 

 Del Giacco, L., Salcuni, S., and Anguera, M. T. (2019). The communicative modes analysis system in psychotherapy from mixed methods framework: introducing a new observation system for classifying verbal and non-verbal communication. Front. Psychol. 10:782. doi: 10.3389/fpsyg.2019.00782 

 Demetriou, E. A., Lampit, A., Quintana, D. S., Naismith, S. L., Song, Y. J. C., Pye, J. E., et al. (2018). Spectrum disorders: a meta-analysis of executive function. Mol. Psychiatry 23, 1198–1204. doi: 10.1038/mp.2017.75 

 Devine, R. T., Bignardi, G., and Hughes, C. (2016). Executive function mediates the relations between parental behaviors and children’s early academic ability. Front. Psychol. 7:1902. doi: 10.3389/fpsyg.2016.01902 

 Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi: 10.1146/annurev-psych-113011-143750 

 Diamond, A. (2014). Want to optimize executive functions and academic outcomes? Simple, just nourish the human spirit. Minn. Symp. Child Psychol. Ser 37, 205–232.

 Diamond, A., and Lee, K. (2011). Interventions shown to aid executive function development in children 4 to 12 years old. Science 333, 959–964. doi: 10.1126/science.1204529 

 Escolano-Pérez, E., Herrero-Nivela, M. L., and Anguera, M. T. (2019). Preschool metacognitive skill assessment in order to promote educational sensitive response from mixed-methods approach: complementarity of data analysis. Front. Psychol. 10:1298. doi: 10.3389/fpsyg.2019.01298 

 Escolano-Pérez, E., Herrero-Nivela, M. L., Blanco-Villaseñor, A., and Anguera, M. T. (2017). Systematic observation: relevance of this approach in preschool executive function assessment and association with later academic skills. Front. Psychol. 8:2031. doi: 10.3389/fpsyg.2017.02031 

 Escolano-Pérez, E., and Sastre-Riba, S. (2010). Early infant cognitive assessment: validity of an instrument. Behav. Res. Methods 42, 759–767. doi: 10.3758/BRM.42.3.759 

 Fasulo, A., Shukla, J., and Bennett, S. (2017). Find the hidden object. Understanding play psychological assessments. Front. Psychol. 8:323. doi: 10.3389/fpsyg.2017.00323 

 Gabín, B., Camerino, O., Anguera, M. T., and Castañer, M. (2012). Lince: multiplatform sport analysis software. Proc. Soc. Behav. Sci. 46, 4692–4694. doi: 10.1016/j.sbspro.2012.06.320

 García-Fariña, A., Jiménez-Jiménez, F., and Anguera, M. T. (2018). Observation of communication by physical education teachers: detecting patterns in verbal behavior. Front. Psychol. 9:334. doi: 10.3389/fpsyg.2018.00334 

 Geurts, H. M., de Vries, M., and van den Bergh, S. F. W. M. (2014). “Executive functioning theory and autism” in Handbook of executive functioning. eds. S. Goldstein and J. A. Naglieri (New York, NY: Springer), 121–142.

 Gioia, G., Kenworthy, L., and Isquith, P. (2010). Executive function in the real world: brief lessons from Mark Ylvisaker. J. Head Trauma Rehabil. 25, 433–439. doi: 10.1097/HTR.0b013e3181fbc272 

 Herrero-Nivela, M. L., and Pleguezuelos, C. A. (2008). Patrones de conducta interactiva en contexto escolar multicultural [Patterns of interactive behavior in a multicultural school context]. Psicothema 20, 945–950.

 Hill, E. L. (2004a). Executive dysfunction in autism. Trends Cogn. Sci. 8, 26–32. doi: 10.1016/j.tics.2003.11.003

 Hill, E. L. (2004b). Evaluating the theory of executive dysfunction in autism. Dev. Rev. 24, 189–233. doi: 10.1016/j.dr.2004.01.001

 Hillman, H. (2018). Child-centered play therapy as an intervention for children with autism: a literature review. Int. J. Play Ther. 27, 198–204. doi: 10.1037/pla0000083

 Hughes, C. H., and Ensor, R. A. (2009). How do families help or hinder the emergence of early executive function? New Dir. Child Adolesc. Dev. 123, 35–50. doi: 10.1002/cd.234

 Kasari, C., Shire, S., Factor, R., and McCracken, C. (2014). Psychosocial treatments for individuals with autism spectrum disorder across the lifespan: new developments and underlying mechanisms. Curr. Psychiatry Rep. 16:512. doi: 10.1007/s11920-014-0512-6 

 Kasari, C., and Smith, T. (2013). Interventions in schools for children with autism spectrum disorder: methods and recommendations. Autism 17, 254–267. doi: 10.1177/1362361312470496 

 Kenworthy, L., Anthony, L. G., Naiman, D. Q., Cannon, L., Wills, M. C., Luong-Tran, C., et al. (2014). Randomized controlled effectiveness trial of executive function intervention for children on the autism spectrum. J. Child Psychol. Psychiatry 55, 374–383. doi: 10.1111/jcpp.12161 

 Landis, J. R., and Koch, G. G. (1977). Application of hierarchical kappa-type statistics in assessment of majority agreement among multiple observers. Biometrics 33, 363–374. doi: 10.2307/2529786 

 Lewis, C., and Carpendale, J. I. M. (2009). Introduction: links between social interaction and executive function. New Dir. Child Adolesc. Dev. 123, 1–15. doi: 10.1002/cd.232

 Lezak, M. D. (2012). Neuropsychological assessment. Oxford: Oxford University Press.

 Locke, J., Beidas, R. S., Marcus, S., Stahmer, A., Aarons, G. A., Lyon, A. R., et al. (2016). A mixed methods study of individual and organizational factors that affect implementation of interventions for children with autism in public schools. Implement. Sci. 11:135. doi: 10.1186/s13012-016-0501-8 

 Lord, C., Risi, S., Lambrecht, L., Cook, E., Leventhal, B., Dilavore, P., et al. (2000). The autism diagnostic observation schedule – generic: a standard measure of social and communication deficits associated with the spectrum of autism. J. Autism Dev. Disord. 30, 205–223. doi: 10.1023/A:1005592401947 

 Magnusson, M. S., Burgoon, J. K., and Casarrubea, M. (Eds.) (2016). Discovering hidden temporal patterns in behavior and interaction: T-pattern detection and analysis with THEM™. New York, NY: Springer-Verlag.

 Meinchenbaum, D. (1974). Self-instructional training: a cognitive prosthesis for the aged. Hum. Dev. 17, 273–280. doi: 10.1159/000271350 

 Olde Dubbelink, L. M., and Geurts, H. M. (2017). Planning skills in autism spectrum disorder across the lifespan: a meta-analysis and meta-regression. J. Autism Dev. Disord. 47, 1148–1165. doi: 10.1007/s10803-016-3013-0 

 Otero, T. M., de Fina, C., Barker, L., and Skues, J. (2017). “Evidence-based assessment and intervention for autism in school psychology” in Handbook of Australian school psychology. eds. M. Thielking and M. Terjesen (Cham: Springer), 377–396.

 Otsuka, K., and Jay, T. (2017). Understanding and supporting block play: video observation research on preschoolers’ block play to identify features associated with the development of abstract thinking. Early Child Dev. Care 187, 990–1003. doi: 10.1080/03004430.2016.1234466

 Ozonoff, S. (1995). “Executive functions in autism” in Learning and cognition. eds. E. Shoppler and G. B. Mesibov (New York, NY: Plenum Press), 199–219.

 Ozonoff, S., South, M., and Provencal, S. (2005). “Executive functions” in Handbook of autism and pervasive developmental disorders. eds. F. R. Volkmar, R. Paul, A. Klin, and D. Cohen (New Jersey, NJ: John Wiley and Sons), 606–627.

 Panerai, S., Tasca, D., Ferri, R., Genitori D’Arrigo, V., and Elia, M. (2014). Executive functions and adaptive behaviour in autism spectrum disorders with and without intellectual disability. Psychiatry J. 2014:941809. doi: 10.1155/2014/941809 

 Pellicano, E. (2010). The development of core cognitive skills in autism: a 3-year prospective study. Child Dev. 81, 1400–1416. doi: 10.1111/j.1467-8624.2010.01481.x 

 Poljac, E., and Bekkering, H. (2012). A review of intentional and cognitive control in autism. Front. Psychol. 3:436. doi: 10.3389/fpsyg.2012.00436 

 Portell, M., Anguera, M. T., Chacón-Moscoso, S., and Sanduvete-Chaves, S. (2015a). Guidelines for reporting evaluations based on observational methodology. Psicothema 27, 283–289. doi: 10.7334/psicothema2014.276

 Portell, M., Anguera, M. T., Hernández-Mendo, A., and Jonsson, G. K. (2015b). Quantifying biopsychosocial aspects in everyday contexts: an integrative methodological approach from the behavioral sciences. Psychol. Res. Behav. Manag. 8, 153–160. doi: 10.2147/PRBM.S82417

 Portell, M., Sene-Mir, A. M., Anguera, M. T., Jonsson, G. K., and Losada, J. L. (2019). Support system for the assessment and intervention during the manual material handling training at the workplace: contributions from the systematic observation. Front. Psychol. 10:1247. doi: 10.3389/fpsyg.2019.01247 

 Quera, V. (2018). “Analysis of interaction sequences” in The Cambridge handbook of group interaction analysis. eds. E. Brauner, M. Boos, and M. Kolbe (Cambridge, UK: Cambridge University Press), 295–322.

 Rice, T. (2016). Commentary: how child’s play impacts executive function-related behaviors. Front. Psychol. 7:968. doi: 10.3389/fpsyg.2016.00968 

 Rivière, A. (2002). IDEA: Inventario de espectro autista [IDEA: Autism spectrum inventory]. Buenos Aires: FUNDEC.

 Rodríguez-Medina, J., Martín-Antón, L. J., Carbonero, M. A., and Ovejero, A. (2016). Peer-mediated intervention for the development of social interaction skills in high-functioning autism spectrum disorder: a pilot study. Front. Psychol. 7:1986. doi: 10.3389/fpsyg.2016.01986 

 Rodríguez-Medina, J., Rodríguez-Navarro, H., Arias, V., Arias, B., and Anguera, M. T. (2018). Non-reciprocal friendships in a school-age boy with autism: the ties that build? J. Autism Dev. Disord. 48, 2980–2994. doi: 10.1007/s10803-018-3575-0 

 Russell, J. (1997). Autism as an executive disorder. New York, NY: Oxford University Press.

 Sackett, G. P. (1980). “Lag sequential analysis as a data reduction technique in social interaction research” in Exceptional infant: Psychosocial risks in infant-environment transactions. Vol. 4. eds. D. B. Sawin, R. C. Hawkins, L. O. Walker, and J. H. Penticuff (New York, NY: Brunner-Mazel), 300–340.

 Salcuni, S., Mazzeschi, C., and Capella, C. (2017). Editorial: the role of play in child assessment and intervention. Front. Psychol. 8:1098. doi: 10.3389/fpsyg.2017.01098 

 Santoyo, C., Jonsson, G. K., Anguera, M. T., and López-López, J. A. (2017). Observational analysis of the organization of on-task behavior in the classroom using complementary data analyses. Anal. Psicol. 33, 497–514. doi: 10.6018/analesps.33.3.271061

 Smithson, P. E., Kenworthy, L., Wills, M. C., Jarrett, M., Atmore, K., and Yerys, B. E. (2013). Real world executive control impairments in preschoolers with autism spectrum disorders. J. Autism Dev. Disord. 43, 1967–1975. doi: 10.1007/s10803-012-1747-x 

 Sosic-Vasic, Z., Kröner, J., Schneider, S., Vasic, N., Spitzer, M., and Streb, J. (2017). The association between parenting behavior and executive functioning in children and young adolescents. Front. Psychol. 8:472. doi: 10.3389/fpsyg.2017.00472 

 Spanish Government (1999). Ley Orgánica 15/1999, de 13 de diciembre, de Protección de Datos de Carácter Personal [Spanish Organic Law 15/1999, of December 13, of Protection of Personal Data]. Boletín Oficial del Estado Español. Madrid: Jefatura de Estado. Available at: https://www.boe.es/buscar/pdf/1999/BOE-A-1999-23750-consolidado.pdf (Accessed January 16, 2017).

 Stahmer, A. C., Aranbarri, A., Drahota, A., and Rieth, S. (2017). Toward a more collaborative research culture: extending translational science from research to community and back again. Autism 21, 259–261. doi: 10.1177/1362361317692950 

 Traverso, L., Viterbori, P., and Usai, M. C. (2015). Improving executive function in childhood: evaluation of a training intervention for 5-year-old children. Front. Psychol. 6:525. doi: 10.3389/fpsyg.2015.00525 

 Valeri, G., Casula, L., Napoli, E., Stievano, P., Trimarco, B., Vicari, S., et al. (2019). Executive functions and symptom severity in an Italian sample of intellectually able preschoolers with autism spectrum disorder. J. Autism Dev. Disord., 1–9. doi: 10.1007/s10803-019-04102-0

 Vandenbrouck, L., Spilt, J., Verschueren, K., and Baeyens, D. (2017). Keeping the spirits up: the effect of teachers’ and parents’ emotional support on children’s working memory performance. Front. Psychol. 8:512. doi: 10.3389/fpsyg.2017.00512 

 Vogan, V. M., Leung, R. C., Safar, K., Martinussen, R., Smith, M. L., and Taylor, M. J. (2018). Longitudinal examination of everyday executive functioning in children with ASD: relations with social, emotional, and behavioral functioning over time. Front. Psychol. 9:1774. doi: 10.3389/fpsyg.2018.01774 

 Vygotsky, L. S. (1978). Mind in society. Cambridge, MA: Harvard University Press.

 Ward, G., and Morris, R. (2005). “Introduction to the psychology of planning” in The cognitive psychology of planning. eds. R. Morris and G. Ward (New York, NY: Psychology Press), 1–34.

 Whitebread, D., Coltman, P., Pino-Pasternak, D., Sangster, C., Grau, V., Bingham, S., et al. (2009). The development of two observational tools for assessing metacognition and self-regulated learning in young children. Metacogn. Learn. 4, 63–85. doi: 10.1007/s11409-008-9033-1

 Whitebread, D., and Pino-Pasternak, D. (2013). “Video analysis of self-regulated learning in social and naturalistic contexts: the case of preschool and primary school children” in Interpersonal regulation of learning and motivation: Methodological advances. eds. S. Volet and M. Vauras (London: Routledge), 14–44.

 Wood, D. J., Bruner, J. S., and Ross, G. (1976). The role of tutoring in problem solving. J. Child Psychol. Psychiat. 17, 89–100. doi: 10.1111/j.1469-7610.1976.tb00381.x 

 Zelazo, P. D., Blair, C. B., and Willoughby, M. T. (2017). Executive function: Implications for education. Washington, DC: National Center for Education Research, Institute of Education Sciences, U.S. Department of Education.

 Zelazo, P. D., Carter, A., Reznick, J. S., and Frye, D. (1997). Early development of executive function: a problem-solving framework. Rev of Gen. Psychol. 1, 198–226. doi: 10.1037/1089-2680.1.2.198

 Zosh, J. M., Hirsh-Pasek, K., Hopkins, E. J., Jensen, H., Liu, C., Neale, D., et al. (2018). Accessing the inaccessible: redefining play as a Spectrum. Front. Psychol. 9:1124. doi: 10.3389/fpsyg.2018.01124 


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.

The handling editor declared a past collaboration with one of the authors EE-P.

Copyright © 2019 Escolano-Pérez, Acero-Ferrero and Herrero-Nivela. 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/fpsyg-10-02824-g005.jpg
Beowor  Lws Lt LS L2 Led Lt Lagn L Le Laes
M CaC  Caprade Ry e Tt CetrAde
ao  Gon aom e am om0
UsEr A CaC R Ui cesc
am  aen b awm @ 0389
UesC
o
G UstRe A UsCRg
w68 @m
st Ade
am  aon
Ussr Catrade
an 10,
Am Am
A ) a5






OPS/images/fpsyg-10-02824-g006.jpg
Bvior  Lags  Legd L L2 Legel L+t Laes2  Lagd Lt Laess
Ay =
ooy
o Am vesc
@ 559 G5
512 Grow
R Adp Adp A
@io Am o G UstRs A o)
Axi G UstRs @3 400 UesCRg
e G0 won
R CosC
) ey
ADs  UesCRe  Rg o
[ N CE I ) )
Uostr vsscrg
adalt ey [
s 619 A
a1 A vsc Am UsC Am o @39
UscRe  GAD @3 A @b @m avps
@iy UesCRe e

6






OPS/images/fpsyg-10-02824-g003.jpg
oo Lps L Lgs w2 Ll Lol Lge e e L
M.,
o
o . S e
e o b O =
o
fd
e
wiow g - s
S e
& S e o
e heoA
he
o
&
iene
a5
Vac e
Fr R
P
A ke






OPS/images/fpsyg-10-02824-g004.jpg
Bewor s et s w2 e e tws lws e ims
s
&
vecrs -
rrth o
am
1o i a2
&
s
o i s S~ .
oy oY A ) &
&
- n v
e & 8
e W el
@63) {L] Q) @58)
el -
o & o
PP Y e
& & & om w
[pess o &5
- o &
ey el
t) ety sy e
cone A aw o am Ui B G0 Ee
oo et GO =)
o s e ey s
i Py






OPS/images/fpsyg-10-02824-g009.jpg
Retrospective Patierns

“AdpDs € Rep€ Ueslir € UesrRg Ena€ Adp € |

Ra€Ayi € Repleskr Nde € Pré-Ayi -

UeslirRg € Ayi € ReplUeslirNde Pré-Ond €

SAm>

>Aym >Adp>UesCRg>Avi >Adp
>AymHAdp>UesCRg>Avi SUesCRy.
Fym FUesCRe UesCRe>Ayi SAdp
Aym S UesCRy > UesCRg Ay >UesCRg.

AdpDs € UesCRg ENRE
AdpDs € UesCRg€Rg €
AdpDs € UesCRg € Ueskr &

CesCEAY € UesCEAm €
UesCRg€ Ayi €UesCEAym €

"Bold and underlined ~ Planning skills that progress during and after the intervention.





OPS/images/fpsyg-10-02824-g007.jpg
Bvcor LS Lagd s Lw2 Ll L+l Las2  Lagsd  Laed Lages
UsC  Cesr Nae TsC CoCRe  UsCRe
RN @s6) asy sy
Rep Nae Ueskr
6 a0y Ay
e Adp Ay UesC
aw e am e
S2Gop A o
@) csC (09  CoCRe R UsCRe  Adp  CesCRe
o @9 UscRe  @SH @b @B s
G0 @35
A UsC Am
@ so e
UssCRe
507
UesCrg Adp o
s asn
Re
Adut )
@03
ade
UesCRg. e
@m)  User CaC cec
Re @ asn s
@m

UesCRe.
@sh






OPS/images/fpsyg-10-02824-g008.jpg
Evowor  Log-s L4 Ligs L2 Lae-l Lt Lag2  Lagt L Lages

o i
N A® an @l
aw vae 659 Am
Bigew an) Qi
UscRe  UsCRe Uescre Usche  UssCRe
) oo e eo  aw
Py am s

Qs ey






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Improvement of Planning Skills in Children With Autism Spectrum Disorder After an Educational Intervention: A Study From a Mixed Methods Approach



		Introduction



		Methods



		Design



		Participants



		Instruments



		Observation Instrument



		Recording Instruments



		Data Analysis Instrument









		Procedure



		Control of the Quality of the Data









		Data Analysis



		Lag Sequential Analysis















		Results



		Discussion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Footnotes



		References



















OPS/images/fpsyg-10-02824-t001.jpg
)

Participants

Age (months)

isgeR

893

i

105
107

o

EEET

Mean A

(montne)

s

10125

50
‘Age (months)

2

an

Mean
a

10128

so
o

23

1046





OPS/images/fpsyg-10-02824-g001.jpg
Criteria_ Category Systems _ Category deseription. ‘Category.
e
Repetion The S0l repeas, 0 Whole or n ar, the e tervenion that th s previowsly pefomel. Ths epetiion con b vwrbal andor gesusl and oecurs mmedidly afer b ot Rep
. ntevenion. 0 includes the resentation of vl il
[t e— The adul s  verbal andlr gesturalonder thatsrves 1 egulte e beginning of e activiy ot
i g 4 The sl kst g i vy o i, e s urtod A
ey ol The i e oy st amed b b prescion f e i sy o s el o s vy ad b cplonio o s iy o Gt B B
i demonstsions),
Error correcton  The adultcaries ot verbl o gstural ihavios that coreet the Sl wrong action and explicly show the corrctansver Ade
2 Adithelp Directhelp “The adul conducts dircive verbl o gestura bior i onde o the il atnton o somethin. This help onsiute 3 oncrete guide that points and diectsthe hid towards — Adp
orthe chid e adequate solution ofthe aciiy. Thi categry ls inchude the pcifc answer 103 quesion that the shild s nfefiencs o the iy
focamy out  Indirecthelp  The adolt uss @ verbal sy hat n s does ot contain the e 1 the problem. tha aiss, bt ht i 0 ot 3 e adequat acess o the actiiy andior promote the Ayl
the actnity rellection on hepartof theShidabout e resoltion
Motivating help _The adl, 0 gencrte a comet ehavio n th cild, cncourge i vebaly or offs atrctive matrial 0 b Avm
Fvasion Whie the adul i explaining the actiity. the childperloms 3 luntry o ivolunary behavior that couses him (0 be disrcied and seprates s atnton fom the explamation. The S¢
chaviors may hinder th understanding of he activity (o b perormed.
S.ChM's  Aniipstion The chld e o st the activity bfor the adlt has explained i o bfor shegivs thearder 0 s . N
provious Roxall “The i shows tathe Kows e rles of he ame that he adut s prscning. These behavios ccur at he same e that e adul i explining the actvity, without esecting the mof  Cn
et spsch. and beor te chid begin his exccution
Waitng “The child i sl t it while the adal sxplain the actvty nd unil the order i ive to st i, Th il rmains aintiv t the cxlanation and his ction docs o nefes Wit the
adulfs bhavior. Alhough the hild can cary out verbalzarions et 1 th ativity e is ing 10 e, he rspects the um o pesch.|
The cild docs ot pertorm any acton ether verbolor gestural) (0 sl the actnvty. Tha i, e dos nching. N
“The child, voltary and i order 1ot to coninue wilhth sciiy, perfoms  verbl andior & gsural bbavor that 5 ot st to th activiy and that iterfres it s opimal D
perommane. 10 il fom thectegory Evason ntat s ategory el befavior oseurs durin the excution of he activiy and Evasion ceurs bfore
The child performs an inapproprite vrbal andor gostural behvior to reive the activity. Thi behavir consitute 3 child exection ot adjusted o the dmancs of the ctivy. This  Ueskr
negory implis both ifemedite nortct behsviors that spprcah the esoution of the vty and hse that vl compeing it incorcl.
— The hid performs an ncorect sertal andlrgestural behavior 10 ry 0 slve theaciviy afler using vt one. Thiscatgory implics ot those infermediae et bhavios hat
iy and thoe it molve compleing i icoretly.
The chid prforms an ppropriate verbl andr gstural blior o rsave the activiy. This bebaioe implis an adsgust adjusiment btwn the hild exeution and the demands of Vs
e actvity. Thisctegoy encompasss ot the corre infrmeiate beiaviors thatapprosch the ahievment of he activiy and thoss that ivolv completing it comrcly.
“The child perors 3 corec verbaladlor gstural bbavir 0y o sove he actiiy aflce using  dflent one. Tis categoy may invole both those ntrmediae correct behavios hat CesC
appesach the achievenet of e sctivity and those tht ivolvs completing it coctly.
Throughoutthe actiy, the chid reveal Urough gstral bhasior tat he doe ot ko ho 1 d somein o that e s doubis, nd mplicily requess the adus help. Thiscategory  Pi
inchudes those gestues that ittt theshid Socks adul supprtsuh a: s during exeotion and ook at the adat for ppeova o ssistane, oo st the adult and s
Throughout th acivity, th ikl shows that he docs o know o todo semeting o that he s doubis and exlcly rqueststhe hlp of the adal, sitber dclraively, acknowledging  Pr
— {hathe docs ot know how 10 do what . inerogatiely orimp The gestures tht are by words sr ncluded.
(Checkdng break  The chikd involuntarily loss atenion whie b i vrifinghisaton. This cagory includes e movements, echlalins, st looks and ther verbl andor gesturl bebaviors of the— Te
childthat abuptly nerup the prosss of checking i acton
Regulaton “The childverifies his own perfomance troughout the actiity: 0 includes: 1) ooks omparing his excution Wit the propose mode: 2)rlated comments about isexcution durng the Ry
acivity.
No rror detction The child s no sble o Toat e istake e s made. Nae
it detction wilhThe cil ocates the mistake e hasmade thanks 1 e fat that the adul s el ol surally pinied out e xistence of . Subsequenly, the chld may: ) b a0 sove this D
aid o (o cxample, by performing 3 dillrnt behavio, ot adsquste 0 sl th activity hich woukd imply the e of he category Change [0 correctsateg) )y o sl te rror
6 ror bt ot sk i (frexample. by caying ot ffen behavior bt napproprite 1 sl th acivity ~hich woukd imply th e ofthe categry Change 100 wrong rare-): ) do
detion
ror el The child fnds fo bl the miake he s made. Subcquenty. the i may: 2 b abis o sove s eror (o cxampe, by peforming  diflient behavir, butadsste o sove the  Ade
detection aciviy which would mpy the e o the category Change fo @ correct rate: )ty t solve the e but ot achiese i (o example, by carying ot 4 diflent bbavior bt
inapproprit to solve the actity “which would mpiy the uss ofthe sasgory Change 0o o Anateg
Nom adjasted  The cikd makes an npproprne judgment hen somparing his exccutonfesalt it the dmand of the atviy. This caegory s both th judgments s duin fhe actity and t
cvaluntion heendof
7 Baaion {tea The child makesan pproprise judgment whe comparin hiscxscution/esult withth demsnd ofthe atvit. This atgory implies both the judgments s drin the ativiy and st
cvaluation theendof

"Bokd = Categories (and their oodes) considered in (e sequential analysie as criterion bebaviors, (See explessiion i the Data analysie section)
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‘Bold and underlined = Planning skills that progress during and afler the intervention.
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