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Abstract
Among neuropsychological tests for assessing executive functions, the Wisconsin Card Sorting Test (WCST) is one of the most used with people with Autism Spectrum Disorder (ASD). This study analyzes an adaptation of the classical WCST, the Wisconsin Card Sorting Test-Learning Potential (WCST-LP) in children with ASD versus children with typical development (TD) in Spain. The main aim is to assess the test´s construct validity and the relationship among performance in the test, intelligence (IQ), executive function (switching), and interpersonal abilities. Participants were 105 children (43 with ASD and 62 with TD). Results support the construct validity of the WCST-LP test in children with ASD, considering that most of them achieved significant gains at the same level than children with TD. Moreover, the test shows a significant relationship with executive function and social competence measures. Those results were mediated by intelligence. Conclusions indicate the pertinence of including the WCST-LP in ASD prognosis assessment protocols. Moreover, the study points out the need for considering intelligence in the evaluation of children with ASD, given the relationship with the severity of ASD symptoms. 
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Executive functions (EFs) refers to a number of higher-order, interrelated neurocognitive processes that are involved in the organization of action and thought. They are considered necessary to deal with new, complex situations involving objectives or goals for which we have no established, automated behavior (Blijd-Hoogewys, Bezemer, & Van Geert, 2014; Diamond, 2013; Hill, 2004b), and for successful achievement in changing environments (Blijd-Hoogewys et al., 2014; Diamond, 2013). Several processes are considered as part of EFs (such as cognitive flexibility, inhibitory control, working memory, planning, initiation of behavior, and self-regulation), the main being working memory, cognitive flexibility, and inhibitory control (Hill, 2004b; Martos-Pérez, & Paula-Pérez, 2011; Miyake et al., 2000; Robinson, Goddard, Dritschel, Wisley, & Howlin, 2009).
EFs are relevant for an adequate psychological adjustment and proper cognitive, social and psychological development. Specifically, according to some authors, EF is directly related to social competence in childhood and adolescence (Diamond, 2013; Landry et al., 2009; Maddio & Greco, 2010); therefore, deficits in EF hinder people’s adaptation, affecting their problem-solving processes, decision-making, inhibition of inappropriate behavior that may offend others, emotional intelligence, and the generalization of learning (Diamond, 2013; Montgomery, Stoesz, & McCrimmon, 2013). 
Many psychological disorders have associated deficits in EF. For example, the Autism spectrum disorder (ASD). The DSM-5 (American Psychiatric Association, 2013) classify ASD among neurodevelopmental disorders, as characterized by persistent deficits in communication and social interaction skills, non-verbal communication, social participation, and restricted, repetitive patterns of behaviour, interests, or activities. The diagnosis of ASD implies specifications about the presence or absence of either intellectual or severity of language deficit, pragmatic language impairment, expressive-receptive language disorder, or both, because following the DSM-5, these deficits can be an index of the severity of symptoms (Ozonoff, 1995).
Some research approaches have differed with the consideration of the concrete ASD deficits (De Vries, Prins, Schmand, & Geurts, 2015; Montgomery et al., 2013; Vanegas & Davidson, 2015). For example, the Executive Functions Theory proposes that a general cognitive disturbance in executive functions - cognitive flexibility, inhibitory control, self-regulation, and planning-, is responsible for problems in interaction, social adaptation, and everyday behavioural characteristics in ASD (i.e., impulse control problems, repetitive patterns of behaviour, insistence on sticking to routines, to reduce uncertainty and maintain the predictability of their environment) (Blijd-Hoogewys et al., 2014; Happé, Booth, Charlton, & Hughes, 2006; Hill, 2004a; Hill, 2004b; Leung, Vogan, Powell, Anagnostou, & Taylor, 2015; Pugliese et al., 2016)

At the same time, there are some controversy regarding which EFs are damaged and if is there concrete factors either mediating or causing the difficulties (Hill, 2004a; Van Eylen, Boets, Steyaert, Wagemans, & Noens, 2015). Actually, heterogeneous findings have signalled different affected EFs; some research has pointed out deficits in some of the main EFs but not in the others (Brunsdon et al., 2015; Robinson et al., 2009); or even, some research has found similar results testing FE in population with typical development and in people with ASD (De Vries & Geurts, 2012).
As a result, several neuropsychological tools for assessing EFs in ASD children are available. Among them, the Wisconsin Card Sorting Test (WCST) (Heaton, 1981), is the most used for assessing EFs in the framework of ASD, known as “the gold standard EF task” (Ozonoff, Goodlin-Jones, & Solomon, 2005; p. 532). This test assesses EFs as strategic planning, organized searching, and environmental feedback to shift cognitive sets. Moreover, it is one of the most used tests for testing EFs in school age, especially from age six to eight (Filley, Young, Reardon, & Wilkening, 1999; Romine, Lee, Wolfe, Homack, George, & Riccio, 2004). The WCST is a classification task based on set-shifting skills. It consists of 128 cards, which have to be sorted following some matching-criteria (color, shape, number), as a function of the experimenter’s feedback (that is, the participant is told whether a particular match is right or wrong). The matching-criteria changes after 10 consecutive correct matches, but without explicit instruction to the participant. Researchers and practitioners have extensively used the WCST in ASD population. Since 2000, only one review article and four meta-analyses about WCST in ASD can be found (Hill, 2004b; Landry & Al-Taie, 2016; Leung & Zakzanis, 2014; Romine et al., 2004; Westwood, Stahl, Mandy, & Tchanturia, 2016).
An adaptation of the classical WCST is the Wisconsin Card Sorting Test-Learning Potential (WCST-LP). Developed by Wiedl y Wienöbst (1999), it is a modification on the original version with a pretest-training-posttest design, including 64 cards. The main goal is to test the individual´s capacity for personally benefiting from a short intervention included in the assessment procedure; that is, testing the Learning Potential (LP). The WCST-LP is based on an assessment methodology known as LP Assessment or as Dynamic Assessment methodology. LP methodological approaches emerged in the second half of the twentieth century as an alternative for the conventional tests of intelligence, especially in individuals with intellectual disability. Contrary to the traditional assessment of intelligence or aptitudes, LP assessment includes a test-training-test format, in which a training phase is included in the middle of two standard tests (also known as mediation). While conventional (also called static) assessment emphasizes products in the way of the individual final performance in the tasks, LP assessment focusses in the testing of the cognitive and metacognitive processes involved in learning and change for getting to the task’s solution. This way, LP methodology allows exploring the main sources of error, determining the non-intellective skills related to the performance, and finding people´s ability to benefit from the short instructional training, part of the assessment process. This ability is identified as learning potential. 
The theoretical basis of the LP methodology lies on the work of Vygostky (1978) and the idea of Zone of Proximal Development (ZPD - the development of high cognitive processes is socially-mediated) and Feuerstein (Feuerstein, Rand, & Hoffman, 1979) and the Theory of Structural Cognitive Modifiability and the concept of “mediated learning experiences” (all individuals could improve their intellectual ability in a stable way, through enough mediated learning experiences). Both theoretical approaches maintain that certain populations with difficulties cannot show their actual abilities in the context of traditional assessment. LP methodology has been broadly validated in populations with severe deficits, like schizophrenia, dementia, learning disabilities, and Down syndrome, showing that it is possible to design and/or adapt any intervention as a function of the specific learning strategies of the people, by considering the LP index. Therefore, their skills can be enhanced and better support for their difficulties can be provided (for a review, see Calero, 2012; Haywood & Lidz, 2007). Nevertheless, until now only five studies have addressed the LP assessment methodology in ASD population, and only one of them focusses on the WCST-LP testing. 
Donaldson & Olswang (2007) investigated the information request ability in children with ASD and DT (aged 5 to 7 years-old) with a static assessment of verbal and nonverbal performance, consisting of the observation of unaided performance during a play situation in the classroom, and a LP assessment including environmental manipulation to trigger requests for information. LP assessment ended with a final unaided evaluation. Two sub-groups in the ASD children were differentiated as a function of the LP assessment (High-scoring and Low- scoring); both sub-groups clearly differed in their competence in making information requests, even though there were no differences in IQ or symptoms. However, the traditional static testing showed no differences among children with ASD. Additionally, the ASD high-scoring sub-group did not present deficits in producing information requests as compared with children with TD. 
On other hand, Bonete, Vives, Fernández-Parra, Calero, and García-Martín (2010) used the Learning Potential Assessment test (Escala de Evaluación del Potencial de Aprendizaje - EPA-2) in order to study whether LP is related to interpersonal skills in 10 children with ASD, compared with 10 children with TD. Results showed inter-group differences in interpersonal skills, although the gain score of children with ASD was similar to that of children with TD on the EPA-2. The relationship among LP, intelligence, and interpersonal ability could not be established.
In another study, Aljunied & Frederickson (2011a) investigated the relationship among LP, intelligence, and central coherence in 52 children with ASD. They found that not all children obtained learning gains and their performance varied as a function of IQ and central coherence skills. In fact, children with IQ lower than 85 and weak central coherence (field-independence) were unable to show transfer learning through the mediational training phase to the post-test phase (that is, to show LP).
In a second study, Aljunied & Frederickson (2011b) found that the 82.7% of a sample of participants with ASD (N=52) could be classified as a function of the severity of their socio-emotional needs, considering 3 factors: total intelligence, Theory of Mind, and the LP scores. 


Finally, Calero, Mata, Bonete, Molinero, and Gómez-Pérez (2015) is the only study using the WCST-LP with ASD population. They showed that all children with ASD obtained significant gains from pretest to posttest evaluation in the WCST-LP measures of Perseverative answers, Perseverative errors and Number of complete categories. Nevertheless, not all children showed the same gain levels after the training and the study found different gain profiles. The residual gain, taken as a measure of LP, in Correct Answers significantly correlated with emotion recognition measures and interpersonal conflict solution skills.  
The WCST-LP has been extensively used in patients with schizophrenia, showing to be a useful diagnostic tool assessing intra-subject differences, and have proved to have predictive validity in intervention programs (Kurt & Wexler, 2006; Rempher, Hamera, Brown, & Bothwell, 2006; Sergi, Kern, Mintz, & Green, 2005; Wiedl, Schöttke, Green, & Nuechterlein, 2004; Wiedl & Wienöbst, 1999; Wiedl, Wienöbst, Schöttke, Green, & Nuechterlein, 2001). Many studies have only reported data from the Correct answers or Perseverative answers for getting the gain score (see a review in Bonete, 2012), which gives less information than the traditional WCST. 
All the previous studies have tried to determine the usefulness of LP methodology in children with ASD, as well as, the relationship with relevant factors as intelligence, Theory of Mind and interpersonal abilities. Although conclusive results have not been found, available findings point out a direct relationship between intelligence and learning gain after mediational training in LP assessment (Aljunied & Frederickson, 2011a; 2011b). 
Furthermore, intelligence could also mediate the performance of children with ASD in the WCST. Thus, Ozonoff (1995) found a normative performance in the WCST in children with ASD with an IQ over 70. On their part, Liss et al. (2001) found no differences in WCST between children with ASD and children with specific language impairments, once verbal IQ was controlled. In fact, several studies have shown that once verbal-IQ or total-IQ effect is controlled, many of the differences between participants with and without ASD also disappear, concretely on the percent of perseverative errors, the number of perseverative errors and the number of non-perseverative errors (Hill, 2006a; Liss et al., 2001; Rumsey, 1985). These studies have concluded that flexibility deficits, as measured by WCST in children with ASD, could be mediated by IQ; therefore this measure should be controlled in this area of research. By contrast, some other studies like Filley et al. (1999) have pointed out that the diagnostic validity of the WCST may be independent of intelligence in children with ASD.
For all that, this study´s main aim is to analyze the utility of a version of the WCST designed for testing LP (WCST-LP) in EF tasks in children with ASD, compared to children with typical development (TD). Thus, it try to test the relationship among performance in the test, intelligence, EF (switching) and interpersonal abilities. More specific goals are:
· To get evidence that supports the construct validity of WCST-LP in children with ASD –because the WCST-LP test evaluates learning capacity as main construct using a measure of EF-. Hypothesis 1 (H.1): Children with ASD will benefit from training with the WCST-LP, obtaining significantly higher results in the posttest than in the pretest, thus showing LP. 
· To determine the intelligence mediation role in the diagnostic validity of WCST-LP, by comparing its sensitivity for discriminating between children with ASD and children with TD. Hypothesis 2.1 (H.2.1): No significant differences between groups (ASD/TD) in WCST-LP pretest are expected when intelligence is controlled. Hypothesis 2.2 (H.2.2): All children, regardless the group (ASD/TD) will show improvements after the WSCT-LP training phase, when intelligence is controlled.
· To analyse the relationship among WCST-LP measures and EF and social competency scores in children with ASD vs. children with TD. Hypothesis 3 (H.3): Results in WCST-LP will correlate with results in intelligence, EF (switching) and interpersonal conflict solving skills (emotion recognition, situational agreement and solutions). 

Method

Participants
Participants were 105 children aged from 7 to 13 years-old (MAge = 9.88, SD = 1.60) divided into two groups: 43 children (38 males and 5 females) diagnosed with ASD, without intellectual disability associated and/or pragmatic language difficulties (or Asperger Syndrome whether the diagnosis was prior to DSM-5), MAge = 10.07 (SD = 1.65) and MIQ= 94.16 (SD= 14.80); 62 children (33 males and 29 females) with TD MAge = 9.74 (SD = 1.56) and MIQ = 91.56 (SD = 12.20).
The general inclusion criteria were age between 7 and 13 years-old and IQ between 70 and 130, tested by the WISC-IV. For the ASD group, a diagnosis of ASD without intellectual impairment and/or pragmatic language difficulties was established as specific criterion. All children with ASD had already an ASD diagnosis previously provided by mental health professionals. All participants were treated in autism centres and in children's mental health services at hospitals. Previous ASD diagnosis was checked through the available clinical reports for all children, together with additional comorbid disorders or use of medication. Presence of additional comorbid psychological disorder and the use of medication were also determined as exclusion criteria for the TD group. None of the selected children showed any sensorial or physical disease. 
Instruments
Measure of intelligence.
Wechsler Intelligence Scale for Children-IV (WISC-IV; Wechsler, 2005). The scale contains 15 subtests, 10 core subtests and 5 complementary subtests, which assess the intellectual capacity of children between the ages 6 to 16. The scale provides four composite scores: verbal comprehension index, perceptual reasoning index, working memory index and processing speed index. The scale also provides a total IQ score that reflects the child’s general cognitive capacity. The assessment lasted approximately one hour and fifty minutes. Reliability data on the core indices fall between .86 and .95, with an average stability coefficient of .85. Analyses of content and internal structure validity have shown satisfactory results, showing a factorial structure corresponding to the 4 indices (Wechsler, 2005).
Measure of EF and LP.
Wisconsin Card Sorting Test-Learning Potential (WCST-LP) (Wiedl, Schöttke, & Calero, 2001). The reduced version of the WCST (64 cards) is applied in three phases (pretest-training-posttest), thus measuring the cognitive modifiability or LP with respect to the various EFs evaluated, namely cognitive flexibility, inhibition, self-regulation and planning. 
The assessment started with the standard-static test (pretest), with the reduced version of the WCST (64 cards). Participants have to sort the cards following some matching-criteria (color, shape, number), as a function of the experimenter’s feedback (that is, the participant was told whether a particular match is right or wrong). 
The matching-criteria changed after 10 consecutive correct matches, but without explicit instruction to the participant. The WCST registers nine main measures: 1) Correct answers (CA), namely right matches; 2) Total of errors (E) namely incorrect matches; 3) Perseverative answers (PA), namely repeated responses on the wrong matching-criteria – they could be correct and incorrect answers; 4) Perseverative errors (PE), namely incorrect responses following the perseveration principle; 5) Non-perseverative errors (NPE), namely incorrect responses non-following the perseveration principle; 6) Conceptual level answers (CLA), namely those showing comprehension of the matching criteria – they are counted as groups of 3 or more correct responses; 7) Number of complete categories (NCC), namely as the number of complete sequences (10 correct matches) following the right matching criteria; 8) Tries to complete the first category (TC1stC), namely as the number of tries that one participant needs for completing one category for the first time; 9) Failure to maintain the attitude (FMA), namely 5 consecutive correct responses followed by one error. 
Several studies have pointed out that each of these measures is associated to different EFs. That is, CA and E would test task-related functions; PA and PE will relate to cognitive flexibility -the best predictor of prefrontal dysfunction-; CLA would relate with abstract thinking; NCC would reflect a global indicator of conceptual problem-solving skills; TC1stC would serve as indicator for initial conceptualization prior to criteria-change; finally, FMA would test attention (Leung & Zakzanis, 2014; Tsuchiya, Oki, Yahara, & Fujieda, 2005).
After the pretest (standard procedure of WCST-64 cards), the training phase implied that the experimenter told the participant that he/she will redo the task with help. Before starting the second block of cards, the experimenter explained to the participant that there were three card-matching-rules (respectively following color, shape, and number). Each time that the participant placed a card, he/she was told if his/her answer was right or wrong. Moreover, after 10 consecutive correct responses, the experimenter informed about the matching-criteria change. Finally, once the training was done, the posttest evaluation was carried out without any help. Pretest evaluation provided the same nine measures coming from the traditional version. However, what the WCST-LP added was the possibility to calculate gains and LP after the posttest evaluation. Gain was obtained for any of the traditional version measures through the formula posttest-pretest=simple gain score or through linear regression, which brings the residual gain score, which minimize the effect of regression onto the mean and has enough scientific support (Weingartz, Wiedl, &Watzke, 2008). The WCST-LP has shown evidence of construct validity in patients with schizophrenia, showing gains from the pretest to the posttest, that is, after the intervention; there is also evidence of concurrent validity with Stroop test and the Auditory Verbal Learning Test (Heubrock, 1992); and, finally, evidences of predictive validity regarding the effectiveness of intervention programs for job skills and cognitive recovery in patients with schizophrenia (Wiedl, Wiënobst, & Schöttke, 1999; Wiedl et al., 2004).
Measure of EF (switching). 

Stroop: Color and Word test (Golden, 2006). This test is a measure of switch´s ability which involves inhibitory control, assessing, and attentional control. It is applicable in ages from 7 to 80, and it consists of three tasks with duration of 45 seconds each. These tasks are word reading (Stroop-W), in which the participant must read the written names of colors; color naming (Stroop-C), in which he/she must name the color of the typeface; and color-word (Stroop-CW), in which he/she must name the color of the typeface, ignoring any conflict with the word meaning that is a word of a different color. An interference index is also obtained (Stroop-I), which assesses interference in the participant and his/her attention control. Test-retest reliability is .89 for Stroop-W, .84 for Stroop-C, .73 for Stroop-CW and .70 for Stroop-I (Golden, 2006).
Measures of interpersonal conflict solving skill. 

Ekman 60 Faces test (Young, Perrett, Calder, Sprengelmeyer, & Ekman, 2002). This is a computerized task assessing emotion recognition of facial expressions, as a key component in the interpersonal conflict solving skill. The computer screen shows photographs of faces expressing the six basic emotions (anger, disgust, fear, happiness, sadness, and surprise). The images (first published by Ekman & Friesen, 1976) are presented at random for 5 seconds each, and the participant is required to indicate his/her impression of the emotion, by pressing the corresponding key on the keyboard. During the task, a small sign situated over the keyboard indicates what key should be pressed for each of the emotions. Separate reliability values have been obtained for the emotion types (anger: .68; disgust: .92; fear: .88; sadness: .65; and surprise: .33) with adequate results (p <.001), with the exception of the value of happiness (.18), in which scores showed a ceiling effect (Young et al., 2002). Regarding the validity of this instrument (Young et al., 2002), compared to the original (Ekman & Friesen, 1976), a strong correlation with the recognition rate presented by Ekman and Friesen (r = .81, t = 10.35, p < .001) has been found. In Spain, this test has been adapted and standardized for adolescents, with similar results to those of the original sample; Cronbach alpha for the entire sample is .93 (happy: .82; anger: .69; disgust: .73; fear: .72; sadness: .68; and surprise: .73) (see Molinero, Bonete, Gómez-Pérez, & Calero, 2015).

Assessment of Interpersonal Conflict Solving [Evaluación de Solución de Conflictos Interpersonales (ESCI) (Calero, García-Martín, Molinero, & Bonete, 2009)]. It assesses interpersonal conflict solving skills, namely emotions recognition in other people, the skill for identifying the situational agreement during a conflict and skills for generating a viable solution which will benefit everyone. The test consists of 17 sequences of sketches that represent an interpersonal conflict, shown on a computer monitor. The first four sketches show a single person, while the remaining sketches show two or more characters in a conflict situation. The participant is required to give written answers to the following questions: 1) How does the main character in the drawing feel? 2) Why does he/she feel this way? 3) What could he/she do to remedy this situation? The assessment provides a total score (ESCI-T) and a score for each construct: emotion (ESCI-E), situational agreement (ESCI-SA) and solutions (ESCI-S). The instrument was constructed according to the 7-phase model of interpersonal problem solving by Pelechano (1996), and has been validated in a sample of adolescents 
from Spain (Molinero, 2015). The Cronbach index obtained was α = .90 for the whole test, with indexes of α = .69 for emotion, α = .91 for situational agreement, and α = .81 for solutions. Exploratory factor validity analysis revealed three main factors (emotion, situational agreement, solutions) and the confirmatory factor validity analysis revealed also the same three main factors structure, together with a single second-order factor named interpersonal skills. The test showed evidence of concurrent validity; the factor emotion was significantly correlated with the Ekman 60 Faces test, the factor situational agreement with Figure Completion and Picture Arrangement of the Wechsler Adult Intelligence Scale (WAIS-III; Wechsler, 1997); and the factor solutions with the sub-scale rational solution of the Social Problem Solving Inventory-Revised (D’Zurilla, Nezu, & Maydeu-Olivares, 2002) (see Molinero, 2015).
Procedure
Firstly, permission from the Ethics Committee of XXX University was obtained. Secondly, the selection of participants took place by requesting the voluntary participation of ASD Associations in various Spanish cities. Neither material nor money incentives were given for participation. After agree with the participation, the psychologists of the associations were asked to pre-select the participants, guided by the established inclusion/exclusion criteria. In third place, once the participants with ASD were identified, a group of children with TD, matched in age and IQ was selected in different educational centers. Finally, information about the research goals, procedures and implications were provided in some group meetings with the parents. These meeting were organized in the ASD centres and in the educational centres. The informed consent of the parents was obtained from 107 children, but two of them were excluded because they had additional comorbid disorders. None of the final 105 selected participants withdraw from the study. 
Participants were individually assessed in three sessions of approximately one hour each; testing of all the instruments (Spanish version) was counterbalanced, for avoiding the possible effect of testing order. 
Design and data analysis
A retrospective ex post facto design with two groups was used. First, it was verified that the sample fulfilled the assumptions of normality and homogeneity of the sample with the statistics Kolmogorov-Smirnov and Levene. 
· To test H.1 a repeated-measures ANOVA was carried out with the Greenhouse-Geisser correction.
· To test H.2.1 and H.2.2 multivariate analyses of covariance (MANCOVA) were used, including the IQ as a covariate to control its possible effect on the severity of ASD symptoms.
· To test H.3 the Pearson correlation coefficient was used.
Results
Preliminary analysis included analysis of variance (ANOVA) which showed that the two groups were matched by age F(1,104) = 1.07, p = .303 and IQ F(1,104) = 0.97, p = .328, but not by sex χ2 = 14.32, p = .0001.
The main objective of this study was to analyze the usefulness of the set of measures provided by WCST-LP in children with ASD, aiming to provide some source of evidence of both construct and diagnostic validity, and also testing the relationship among performance in the WCST-LP, intelligence, EF (switching), and interpersonal abilities. 
[Insert Table 1 about here]
Regarding the first specific objective, that is, to get evidence that support the construct validity of WCST-LP in children with ASD, the hypothesis (H.1) stated that children with ASD would benefit from training with the WCST-LP, obtaining results significantly higher for posttest than pretest results, thus showing LP (see Table 1). At this respect, results from the repeated measures ANOVA results showed significant improvements from pretest to posttest in all WCST-LP measures. Specifically, CA (F(1,42) = 89.40, p = .0001, η2partial =  .68, s.p. = 1.00), PA (F(1,42) = 23.69, p = .0001, η2partial =  .36, s.p. = .99), PE (F(1,42) = 29.45, p = .0001, η2partial =  .41, s.p. = 1.00), NPE (F(1,42) = 12.56, p = .001, η2partial =  .23, s.p. = .93), CLA (F(1,42) = 71.84, p = .0001, η2partial =  .63, s.p. = 1.00), NCC (F(1,42) = 46.50, p = .0001, η2partial =  .53, s.p. = 1.00), TC1stC (F(1,42) = 11.08, p = .002, η2partial =  .21, s.p. = .91), and FMA (F(1,42) = 6.16, p = .017, η2partial =  .13, s.p. = .68) in the ASD group. 
Regarding the second aim, that is, to determine the intelligence mediation in the WCST-LP’s diagnostic validity, by comparing its sensitivity for discriminating between children with ASD and children with TD, the hypothesis (H.2.1) stated that there would not be significant differences between groups (ASD/TD) in the WCST-LP pretest, once IQ was controlled. The results of the MANCOVA did not show significant differences between groups in WCST-LP´s pretest scores Ʌ = 0.87, F(8,95) = 1.73, p = .101, η2 = .13, s.p. = .72. Univariate analyses only showed significant differences between the two groups in the NPE pretest score (see Table 2) favoring the ASD group (see Table 2). Results also indicated that the intelligence significantly predicted the results obtained in the pretest scores CA, PA, PE, NPE, CLA, TC1stC (see Table 2). Regarding the direction of the intelligence mediation, the results of the b-value indicate a positive relation in CA (b = 0.210), CLA (b = 0.265) and FMA (b = 0.012); and a negative relation in the measures of PA (b = -0.296), PE (b = -0.222) and TC1stC (b = -0.330) for the pretest. 
The second hypothesis of this objective (H.2.2) considered that all children, regardless their group (ASD/TD), would show significant improvements after the training phase of WSCT-LP, once intelligence was controlled. Results of the MANCOVA did not show significant differences 
between groups in the gain scores when the intelligence effect was controlled (see Table 2).
 [Insert Table 2 about here]

The third aim was to analyse the relations among WCST-LP measures and EF and social competency scores in children with ASD vs. children with TD. Regarding this objective, it was hypothesized (H.3) that the scores in WCST-LP will show significant correlations with the score in IQ, EF (switching), and interpersonal conflict solving skills. In this case, results for the ASD group showed significant Pearson correlations between WCST-LP scores and WISC-IV scores, Stroop-PC and ESCI-SA, ESCI-S and ESCI-T scores (see Table 3). Regarding the TD group, there were no significant correlations between WCST-LP measures and the other measures.
[Insert Table 3 about here]
Discussion
The main objective of this study was to analyze the usefulness of the set of measures provided by WCST-LP in children with ASD, aiming to find some source of evidence about both construct and diagnostic validity, and also testing the relationship among performance in the WCST-LP, intelligence, EF (switching), and interpersonal abilities.  
The findings represent a stepping-stone in the neuropsychological assessment field, providing relevant and innovative results in ASD population. Until now, only one published work has reported data in this field (Calero et al., 2015). Hence, this study would contribute to the development of neuropsychological measures of LP in children with ASD.  
Overall, the findings support the idea that children with ASD can benefit from a short training included in a classic EF evaluation task (WCST-LP); thus, they show LP, like children with TD. Henceforth, the test shows evidence of construct validity in ASD population. These results agree with the scarce previous studies investigating LP and children with ASD (Aljunied & Frederickson, 2011a, 2011b; Bonete et al., 2010; Calero et al., 2015; Donaldson & Olswang, 2007) and with previous research on LP and in populations with severe developmental deficits (Calero, 2012; Haywood & Lidz, 2007). Furthermore, this study show how the LP extent to all WCST-LP measures and hence, to the different assessed domains related to EF (cognitive flexibility, inhibition, self-regulation, planning), extending the information available in relation to the use of WCST-LP, in general, and with population with ASD specifically.
These results add evidence regarding other previous investigations on LP in patients with schizophrenia, which have traditionally reduced LP measure to Correct responses (CA) or Perseverative answers (PA) (Bonete, 2012).
Concerning the second goal, that is, to determine the intelligence influence in the WCST-LP’s diagnostic validity by comparing its sensitivity for discriminating between children with ASD and children with TD, the study shows that when intelligence is controlled children with ASD do not differ from children with TD, except in the NPE measure. The current results highlight the relevance of intelligence regarding the severity of ASD symptoms. In this sense, these findings agree with those found by Rumsey (1985), Ozonoff (1995), Liss et al. (2001), and Aljunied and Frederickson (2011a, 2011b). This reinforces the idea that the flexibility deficit, as measured by the WCST in children with ASD, may be mediated by intelligence.
Regarding the third goal, concerning the testing of the relationship of WCST-LP with traditional ASD diagnostic tasks, like intelligence (WISC-IV), EF-switching measures (Stroop) and interpersonal abilities tests (Ekman 60 Faces test -emotions recognition- and ESCI), findings in this study show significant correlations in the ASD group among different WCST-LP measures and the WISC-IV indexes, as well as regarding CA, CLA and FMA measures and Stroop-PC; these findings provide evidence of concurrent validity. Regarding the interpersonal abilities measures, WCST-LP measures are related with the interpersonal relations features more linked with EF, like ESCI-SA and ESCI-S (analysis and determination of causal factors in an interpersonal problem and the generation of possible solutions, after analyzing the consequences). However, they do not relate with emotional recognition (Ekman 60 Faces test and ESCI-E), which does not belong to the WCST-LP assessment set. 
Other interesting finding is the absence of significant correlations among any of the WCST-LP measures and the other measures tested in children with TD. For that, WCST-LP appears as a sensitive task in showing EF deficits, which are related to social and non-social behavior in everyday routine of children with ASD; these deficits cannot be observed in children with TD (Happé, et al., 2006; Hill, 2004b; Leung et al., 2016; Ozonoff, Pennington, & Rogers, 1991; Pugliese et al., 2016).  
Overall, these findings may be interpreted considering some limitations affecting the study’s methodology. Firstly, the information concerning the intervention in participants with ASD could not be controlled. Secondly, although the sample of children with ASD could be of enough size and, in any case, it has surpassed the sample size of previous studies (Bonete et al., 2010; Donaldson & Olswang, 2007), the sample size cannot guarantee the ecologic validity of these findings. Finally, the small number of girls in the sample did not allow the consideration of possible gender differences.
Therefore, generally speaking, this study shows that WCST-LP may be a useful tool for the evaluation of children with ASD, because it provides a source of support for construct-based evidence of validity. Thus, the availability of a measure for the effectively assessment of learning capacity profiles could facilitate the understanding of the ASD prognosis; this measure appears as an option to be considered like complementary assessment to traditional measures. By this, it is meant to include a measure with special emphasis in LP, which can be considered in individualized intervention designs, because it informs about the ability to profit from training, which can be a possible predictive index of change after intervention. Furthermore, testing the utility of this test in a population with ASD is still necessary, because only two studies have carried this goal out until now; therefore, it is important to check the stability of these results, on one hand, to study the utility of LP for determining inter-individual in children with ASD, on other hand, and also to perform analysis concerning its predictive power over the intervention success. 
Finally, taking this study’s findings, it would be interesting to compare the test results in groups of children with ASD with different intelligence level, as this seems to be a crucial variable regarding the severity of ASD symptoms (Aljunied & Frederickson, 2011a, 2011b; Ozonoff, 1995; Liss et al., 2001; Rumsey, 1985). 

Conclusions
This study has provided a source of support for construct-based evidence of validity of the set of measures coming from the WCST-LP, in children with ASD. The results obtained here have indicated the pertinence for including the set of measures from WCST-LP in ASD prognosis assessment. Moreover, the WCST-LP is a measure of LP, which provides information about possible satisfactory teaching styles for each person.
On the other hand, the study has pointed out the need for considering the moderator role of intelligence in the severity of ASD symptoms.  

Finally, this study has confirmed the relation between EF, intelligence and social competence, which again highlights the need of comprehensive assessment and intervention for children with ASD. 
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Table 1
Descriptive statistic, range, minimum and maximum of WCST-LP in ASD and TD groups.

	Variable
	
	Group TD (n=62)
	Group ASD (n=43)

	
	Test range
	M
	SD
	Min.
	Max.
	M
	SD
	Min.
	Max.

	WCST-LP pretest
	
	
	
	
	
	
	
	
	

	CA
	0-64
	31.77
	9.90
	13.00
	52.00
	34.35
	12.69
	13.00
	57.00

	PA
	0-63
	17.13
	13.28
	4.00
	62.00
	18.79
	16.62
	2.00
	62.00

	PE
	0-63
	14.77
	9.61
	4.00
	46.00
	15.71
	12.36
	2.00
	46.00

	NPE
	0-64
	17.44
	10.00
	1.00
	42.00
	12.33
	12.64
	.00
	42.00

	CLA
	0-61
	23.47
	12.35
	0.00
	47.00
	28.81
	16.32
	.00
	55.00

	NCC
	0-6
	1.69
	1.08
	0.00
	4.00
	1.81
	1.47
	.00
	5.00

	TC1stC
	10-64
	25.69
	21.01
	10.00
	65.00
	26.88
	23.02
	10.00
	65.00

	FMA
	0-10
	0.44
	0.67
	0.00
	3.00
	0.56
	0.73
	.00
	3.00

	WCST-LP posttest
	
	
	
	
	
	
	
	
	

	CA
	0-64
	49.82
	8.15
	22.00
	61.00
	50.81
	9.48
	13.00
	63.00

	PA
	0-63
	6.53
	4.28
	1.00
	24.00
	7.93
	8.02
	2.00
	52.00

	PE
	0-63
	6.19
	3.70
	1.00
	19.00
	6.83
	6.03
	1.00
	39.00

	NPE
	0-64
	7.94
	5.48
	1.00
	29.00
	5.91
	6.97
	.00
	42.00

	CLA
	0-61
	45.73
	10.43
	10.00
	59.00
	46.14
	11.84
	.00
	60.00

	NCC
	0-6
	3.15
	1.27
	1.00
	5.00
	3.33
	1.46
	.00
	6.00

	TC1stC
	10-64
	15.84
	10.80
	10.00
	53.00
	16.12
	13.13
	10.00
	65.00

	FMA
	0-10
	1.26
	1.09
	.00
	4.00
	1.07
	1.06
	.00
	3.00

	WCST-LP gain score
	
	
	
	
	
	
	
	
	

	CA
	
	18.05
	12.64
	-14.00
	43.00
	16.47
	11.42
	-3.00
	44.00

	PA
	
	-10.60
	13.41
	-59.00
	7.00
	-10.86
	14.63
	-56.00
	13.00

	PE
	
	-8.58
	9.91
	-43.00
	6.00
	-8.88
	10.73
	-40.00
	8.00

	NPE
	
	-9.50
	11.66
	-37.00
	14.00
	-6.43
	11.89
	-38.00
	12.00

	CLA
	
	22.26
	15.54
	-19.00
	50.00
	19.33
	14.95
	-4.00
	56.00

	NCC
	
	1.45
	1.60
	-2.00
	5.00
	1.51
	1.45
	-2.00
	5.00

	TC1stC
	
	-9.85
	21.94
	-55.00
	33.00
	-10.77
	21.21
	-55.00
	24.00

	FMA
	
	18.05
	12.64
	-14.00
	43.00
	16.47
	11.42
	-3.00
	44.00


WCST-LP: Wisconsin Card Sorting Test-Learning Potential;Correct answers (CA); Perseverative answers (PA); Perseverative errors (PE); Non-perseverative errors (NPE); Conceptual level answers (CLA); Number of complete categories (NCC); Tries to complete the first category (TC1stC); Failure to maintain the attitude (FMA).
Inverse variable in bold.

Table 2
Mean difference (MANCOVA-IQ covariate) between Group ASD and TD in the WCST-L’s measures in pretest and posttest assessment and gain score as a function of Group (ASD and TD).
	Variable
	Group TD

(n=62)
	Group ASD

(n=43)
	Mean difference

	
	M*
	SD
	M*
	SD
	F(1.103)
	p
	η2partial
	s.p.

	WCST-LP pretest
	
	
	
	
	
	
	
	

	CA
	32.00
	9.90
	34.03
	12.69
	0.87
	.349
	.01
	.15

	PA
	16.81
	13.28
	19.24
	16.62
	0.73
	.395
	.01
	.14

	PE
	14.53
	9.61
	16.02
	12.36
	0.54
	.464
	.01
	.11

	NPE
	17.46
	10.00
	12.29
	12.65
	5.35
	.023
	.05
	.63

	CLA
	23.75
	12.35
	26.41
	16.32
	0.94
	.334
	.01
	.16

	NCC
	1.71
	1.08
	1.79
	1.47
	0.10
	.750
	.001
	.06

	TC1stC 
	25.34
	21.01
	27.39
	23.02
	0.23
	.634
	.002
	.08

	FMA
	0.45
	0.67
	0.54
	0.73
	0.45
	.505
	.004
	.10

	WCST-LP gain score
	
	
	
	
	
	
	
	

	CA
	17.95
	12.64
	16.61
	11.42
	0.30
	.583
	.003
	.09

	PA
	-10.41
	13.42
	-11.12
	14.63
	0.07
	.798
	.001
	.06

	PE
	-8.44
	9.91
	-9.09
	10.73
	0.10
	.749
	.001
	.06

	NPE
	-9.53
	11.66
	-6.38
	11.90
	1.80
	.183
	.017
	.26

	CLA
	22.15
	15.54
	19.48
	14.95
	0.76
	.385
	.01
	.14

	NCC
	1.44
	1.60
	1.52
	1.45
	0.07
	.798
	.001
	.06

	TC1stC 
	-9.46
	21.94
	-11.33
	21.21
	0.20
	.659
	.002
	.07

	FMA
	0.824
	1.33
	0.51
	1.35
	1.38
	.243
	.01
	.21


Note: WCST-LP: Wisconsin Card Sorting Test-Learning Potential; Correct answers (CA); Perseverative answers (PA); Perseverative errors (PE); Non-perseverative errors (NPE); Conceptual level answers (CLA); Number of complete categories (NCC); Tries to complete the first category (TC1stC); Failure to maintain the attitude (FMA).
Inverse variable in bold.

M*: Means are estimated as a function of a IQ covariate value = 92.6286.

Table 3
Bivariated correlations in pretest WCST-LP’s measures with indexes of WISC-IV. Ekman total. Stroop-PC and Stroop-I; ESCI scores (FE measures and social competency) as a function of Group (ASD and TD).

	WCST-LP
	VC
	PR
	WM
	PS
	IQ
	SC
	Ekman
	Stroop-PC
	Stroop-I*
	ESCI-E
	ESCI-C
	ESCI-S
	ESCI-T

	Group ASD
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA
	-.42**
	.31*
	.37*
	.48**
	.48**
	.48**
	.14
	.32*
	.0001
	.13
	.35*
	.28
	.31*

	PA
	-.47**
	-.33*
	-.28
	-.35*
	-.45**
	-.54**
	.10
	-.19
	-.04
	-.01
	-.21
	-.09
	-.13

	PE
	-.46**
	-.34*
	-.28
	-.36*
	-.45**
	-.54**
	.07
	-.22
	-.06
	-.03
	-.21
	-.09
	-.13

	NPE
	.03
	.01
	-.03
	-.17
	-.02
	.09
	-.29
	-.01
	.11
	-.27
	-.20
	-.34*
	-.31*

	CLA
	.43**
	.30
	.39**
	.48**
	.48**
	.49**
	.18
	.30*
	-.02
	.17
	.37*
	.32*
	.35*

	NCC
	.37*
	.21
	.34*
	.32*
	.38*
	.37*
	.22
	.18
	-.11
	.08
	.31*
	.24
	.26

	TC1stC 
	-.46**
	-.26
	-.38*
	-.38*
	-.47**
	-.56**
	-.21
	-.14
	.27
	-.14
	-.35*
	-.35*
	-.34*

	FMA
	.32*
	.19
	.26
	.39**
	.35*
	.42*
	-.06
	.34*
	.16
	.08
	.23
	.18
	.20

	Group TD
	
	
	
	
	
	
	
	
	
	
	
	
	

	CA
	-.034
	.07
	-.03
	.08
	.01
	.08
	.22
	.07
	-.02
	.05
	.18
	.17
	.16

	PA
	.004
	-.11
	-.07
	-.03
	-.08
	-.05
	-.09
	.05
	-.03
	-.10
	-.06
	-.10
	-.10

	PE
	.001
	-.11
	-.10
	-.08
	-.10
	-.06
	-.10
	.02
	-.04
	-.12
	-.07
	-.11
	-.12

	NPE
	-.03
	.04
	.12
	-.004
	-.08
	-.02
	-.13
	-.09
	.05
	.06
	-.12
	-.07
	-.05

	CLA
	-.02
	.03
	-.04
	.04
	-.01
	.01
	.15
	.07
	-.01
	-.02
	.11
	.09
	.07

	NCC
	-.10
	.01
	-.15
	.04
	-.07
	.08
	.06
	.05
	-.02
	-.09
	.06
	.09
	.03

	TC1stC 
	.11
	-.09
	.10
	-.04
	.04
	-.05
	.02
	.10
	.13
	.05
	.01
	-.19
	-.05

	FMA
	.12
	.13
	.09
	-.002
	.13
	-.02
	.13
	.05
	.15
	.13
	.02
	-.20
	-.01


Note: WCST-LP: Wisconsin Card Sorting Test-Learning Potential. Correct answers (CA). Perseverative answers (PA). Perseverative errors (PE). Non-perseverative errors (NPE). Conceptual level answers (CLA). Number of complete categories (NCC). Tries to complete the first category (TC1stC). Failure to maintain the attitude (FMA)..

VC: Verbal Comprehension index WISC-IV; PR: Perceptive Reasoning indexWISC-IV; WM: Working Memory index WISC-IV; PS: Processing Speed index WISC-IV; IQ: IQ total WISC-IV; SC: Social Comprehension index WISC-IV; Ekman: Total score Ekman test; Stroop-PC: Stroop Test word-color measure; Stroop-I: Stroop Test interference index; ESCI: Evaluación de Solución de ConflictosInterpersonales[Assessment of Interpersonal Conflict Resolution]; E: Emotions; C:Causes; S:Solutions; T: Total score.

Inverse variable in bold.

p<.05*. p<.01**.
�Esto ya se dice cuando se explica la tarea original, sin LP. Considera si lo quitamos. Son las mismas palabras


�Creo que al poner esto, podrían preguntarnos si se ha usado el de adolescentes y hay niños de solo 7 años. Consideralo.


�Aquí lo mismo…


�Creo que habría que poner aquí una p


Aunque no sea significativa se pone


P<0,05






