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Difficulties with executive function have often been identified in individuals with various neurodevelopmental disorders such as Autism Spectrum Disorder (ASD), Attention-Deficit Hyperactivity Disorder (ADHD), and Developmental Co-ordination Disorder (DCD). Additionally, in childhood and adolescence, executive functioning is an important predictor of academic achievement. However, less research has explored these relationships in adult students, and those with a high level of neurodevelopmental disorder traits but no clinical diagnosis. Therefore, the current study aimed to assess whether ASD, ADHD, and DCD traits can predict academic achievement in university students, and whether traits of these neurodevelopmental conditions moderate the relationship between executive function and academic achievement. Both neurotypical students and those with a clinical diagnosis of a neurodevelopmental disorder were able to participate, with the majority being neurotypical. Participants completed four self-report questionnaires and provided a measure of academic achievement based on their university assignment results. Traits of ASD, ADHD, and DCD alone did not predict achievement, however, traits of ADHD and DCD significantly moderated the relationship between executive function and academic achievement. ASD traits did not significantly moderate this relationship. Implications and suggestions for future research are also discussed.
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Introduction

Executive functions are cognitive abilities that are responsible for co-ordinating problem solving and achieving goals (Jurado and Rosselli, 2007; Best and Miller, 2010; Pascual et al., 2019; Zelazo and Carlson, 2020), and are typically used in new or challenging situations (Huizinga et al., 2018). It is widely considered that there are three core executive functions; inhibition, cognitive flexibility, and working memory (Miyake et al., 2000; Best and Miller, 2010; Diamond, 2013). Inhibition refers to the ability to self-regulate and refrain from acting on impulse (Bull and Scerif, 2001; Jurado and Rosselli, 2007; Diamond, 2013), and working memory involves the concurrent processing, maintenance, and recollection of information (Simone et al., 2018; Carrasco et al., 2021). Cognitive flexibility is defined as being able to adapt to different tasks and think creatively (Bull and Scerif, 2001; Diamond, 2013).


Executive function and academic achievement

There is a consensus among the literature that better executive functioning is associated with higher academic achievement in childhood and adolescence (Bailey et al., 2018). Working memory specifically has been found to predict mathematic ability (Espy et al., 2004; Simone et al., 2018; Carrasco et al., 2021). Further to this, reading and writing skills are also associated with inhibitory control (St Clair-Thompson and Gathercole, 2006; Monette et al., 2011), cognitive flexibility (Bull and Scerif, 2001), and working memory (Blair and Razza, 2007; O’Toole et al., 2018). In addition to this, Clark et al. (2010) found that executive function was a better predictor of academic achievement than IQ in school-age children. Poorer executive functioning is often found in children with poorer academic ability and learning difficulties (Sikora et al., 2002; Thorell et al., 2013). Wray et al. (2020) found that executive functioning is also associated with schooling in adults in low- and middle-income countries using data collected from three different continents, suggesting that the link between executive function and academic achievement is present across different cultures, countries, and socio-economic backgrounds.

Furthermore, previous research has found evidence that executive function may be impaired in individuals with neurodevelopmental disorders (Otterman et al., 2019), including autism spectrum disorder (ASD; Christ et al., 2011; Adams and Jarrold, 2012; Murphy et al., 2014), attention-deficit hyperactivity disorder (ADHD; Arnsten and Li, 2005; Wilens and Spencer, 2010), and developmental coordination disorder (DCD; Leonard et al., 2015; Bernardi et al., 2017). Since difficulties with executive functioning predict poorer academic achievement (Zelazo and Carlson, 2020), and executive function impairments seem to occur in neurodevelopmental disorders such as autism, ADHD, and DCD (Holst and Thorell, 2019; Omer and Leonard, 2021), individuals with these conditions may be particularly at risk of academic underachievement.

If executive functioning can predict reading, writing, and mathematics ability (St Clair-Thompson and Gathercole, 2006; Christopher et al., 2012), and interventions that improve executive functioning are not provided for those with difficulties or such difficulties are not identified at all, these problems may be carried forward long-term. Since executive function can predict long-term academic performance (Samuels et al., 2016), this may result in individuals not reaching their full academic potential. This is of high importance as both executive function and academic achievement can have a direct influence on many areas of life later on such as employment (Bailey, 2007), wellbeing (Bucker et al., 2018), life satisfaction (Brown and Landgraf, 2010; Clark and Malecki, 2019), mental health (Wray et al., 2020), and academic self-esteem (Giofre et al., 2017).



Executive function and academic achievement in autism spectrum disorder

Autism spectrum disorder is a neurodevelopmental disorder which is associated with impairments in social interaction and communication (Barendse et al., 2013; Milgramm et al., 2021). Individuals with ASD may be at a higher risk of difficulties with academic performance compared to those who are neurotypical (St John et al., 2018; Milgramm et al., 2021). Evidence suggests this may not necessarily be due to intellectual difficulty (Charman et al., 2011), but rather as a result of difficulty managing repetitive behaviors and poor social skills, which may affect their academic performance (Milgramm et al., 2021). Research has often associated academic achievement with IQ (Watson and Monroe, 1990; Mayes and Calhoun, 2003; Mayes et al., 2009). However, Estes et al. (2011) highlighted that there are inconsistencies in IQ and academic performance in autistic children which are not seen in typically developing children, suggesting that there are factors affecting academic achievement in autistic individuals other than IQ, such as executive function (St John et al., 2018).

Working memory has been found to consistently predict academic achievement in autistic individuals (Miller et al., 2017; Kim et al., 2018), with executive function as a whole recently emerging as a potential predictor of academic performance in those with ASD (St John et al., 2018). The link between autism and executive function impairments is well-established (Demetriou et al., 2019; Vaidya et al., 2019; Zhang et al., 2020), however, a recent paper by Lee et al. (2021) found that executive function was not associated with ASD trait severity, but was instead significantly associated with the degree of severity of ADHD traits, a neurodevelopmental disorder that is often co-occurring with ASD (Antshel et al., 2016; Rau et al., 2020; Zablotsky et al., 2020), and is also associated with poorer academic achievement (Holst and Thorell, 2019; Carrasco et al., 2021), similarly to ASD.



Executive function and academic achievement in attention-deficit hyperactivity disorder

Attention-deficit hyperactivity disorder is characterized by hyperactivity, impulsive behaviors, and being easily distracted (Clark et al., 2002; Simone et al., 2018), and children with ADHD tend to be further behind with mathematics, reading, and writing compared with their typically developing peers (Lawrence et al., 2020). There is some research suggesting that while the severity of ADHD traits may improve over time (Murray et al., 2017), difficulties relating to academic performance may continue and even become worse with age in individuals with ADHD (Barbaresi et al., 2007). This suggests that there may be another factor in the relationship between ADHD and academic achievement, such as executive function impairments (Arnsten and Li, 2005; Martel et al., 2007; Wilens and Spencer, 2010).

There is evidence that academic performance in individuals with ADHD can be predicted by executive functions; verbal working memory ability can predict academic achievement consistently across various academic subjects in those with ADHD (Carrasco et al., 2021) and visual-spatial working memory can predict variance in mathematics ability (Simone et al., 2018; Carrasco et al., 2021). Biederman et al. (2004) observed that children with an ADHD diagnosis were significantly more likely to have executive function impairments than typically developing children, and that children with ADHD and executive function difficulties were more at risk of poorer academic achievement.

These relationships can be seen in adults as well as children; executive function impairments are also associated with academic achievement in university students with ADHD (Gropper and Tannock, 2009), although there is substantially less research in this area with adult participants. Difficulties with executive function can affect individuals with ADHD in many areas of life; such as having poorer theory of mind ability (Tatar and Cansiz, 2020), higher stress levels (McLuckie et al., 2021), and poorer sleep quality (Holingue et al., 2021). If executive function deficits in ADHD are associated with academic performance, then individuals with ADHD may have a higher risk of academic underachievement (Arnold et al., 2020; Carrasco et al., 2021) compared with their typically developing peers, and understanding this relationship may be crucial in determining the contribution of executive function to academic achievement when developing effective interventions for individuals with ADHD, as there is evidence to suggest that better executive function ability can predict adaptive behaviors in those with ADHD (Clark et al., 2002).



Executive function and academic achievement in developmental co-ordination disorder

Autism spectrum disorder and attention-deficit hyperactivity disorder can also co-occur with Developmental Co-ordination Disorder (DCD; Tal-Saban and Kirby, 2019; Miller et al., 2021). DCD is a neurodevelopmental condition involving difficulties with motor co-ordination (Zwicker et al., 2012; Omer and Leonard, 2021), and is thought to affect 5–6% of children (Zwicker et al., 2012; American Psychiatric Association, 2013). Individuals with autism and ADHD can perform poorly on tasks that assess motor skills even if they do not meet the diagnostic criteria for DCD (Lindor et al., 2019; Miller et al., 2021). These motor impairments can increase with age (Licari et al., 2020), and research by Tal-Saban et al. (2014) found that three-quarters of young adults who had DCD also met diagnostic criteria for ADHD.

Furthermore, motor difficulties in children just 6 months old may predict an ASD diagnosis later on (LeBarton and Landa, 2019), and Miller et al. (2021) found that 90% of the participants with an ASD diagnosis in their study met the criteria for co-occurring dyspraxia, a term often used interchangeably with DCD in the United Kingdom. Children with an ADHD diagnosis who also have poor motor skills may show higher levels of autistic traits (Reiersen et al., 2008), suggesting that there may be a degree of overlap in traits between these conditions. Despite this, Tal-Saban and Kirby (2019) argue that DCD is not as well-understood compared with ASD and ADHD. The participants in the study by Reiersen et al. (2008) were assessed based on the criteria in the DSM-IV used at the time; they suggested a change to these criteria to acknowledge the overlapping symptoms between ASD, ADHD, and DCD, and the DSM-5 now allows for co-occurring ASD and DCD to be diagnosed (Tal-Saban and Kirby, 2019).

Similarly to ASD and ADHD, DCD has often been associated with executive function impairments (Bernardi et al., 2017; Sartori et al., 2020; Omer and Leonard, 2021) and poorer academic achievement (Harrowell et al., 2018; Fastame, 2020; Smits-Engelsman et al., 2021). Executive functions are considered to be regulated by the pre-frontal cortex (Ball et al., 2011; Rosen et al., 2019), a part of the brain involved in higher-order cognitive processes that has extensive connections to other brain areas such as the cerebellum (Diamond, 2000; Leonard and Hill, 2015), which is involved in coordinating movement (Tal-Saban et al., 2014; Leonard and Hill, 2015). These neural connections support the evidence that executive function could be impaired in those with DCD.

Furthermore, motor skills can contribute to academic achievement in both the typically developing population (Davies et al., 2016; Fastame, 2020) and individuals with DCD (Cadoret et al., 2018; Macdonald et al., 2020), therefore impairments in motor skills such as those seen in DCD could potentially be associated with poorer academic achievement (Lopes et al., 2013). Motor impairments appear to be associated with poorer reading and mathematics ability (Macdonald et al., 2020), and children with DCD seem to have poorer mathematics and language ability compared with typically developing individuals (Lopes et al., 2013).

The motor difficulties seen in DCD have been associated with executive function impairments (Leonard et al., 2015; Sartori et al., 2020); children with DCD perform worse on inhibition tasks compared with typically developing children (Pratt et al., 2014). If motor impairments such as those seen in DCD are associated with the development of executive functioning (Fastame, 2020), and if poorer executive function ability is associated with poorer academic achievement (Willoughby et al., 2019; Zelazo and Carlson, 2020), individuals with DCD or with higher levels of DCD traits may be at risk of academic underachievement.



Findings in adults and those without a clinical diagnosis

Despite numerous papers highlighting the contribution of executive function to academic achievement in those with neurodevelopmental disorders, less is known about this area in adults, as the vast majority of this research has been conducted with children. Some research has begun to address the contribution of executive function to academic achievement in adults with neurodevelopmental disorders; DCD and dyslexia have been related to lower academic confidence in university students with these conditions (Sumner et al., 2021), and there is evidence that working memory deficits can impair academic performance in university students with ADHD (Gropper and Tannock, 2009). Additionally, co-occurring ADHD and DCD is associated with lower educational levels in adults (Rasmussen and Gillberg, 2000). Executive function may also have a crucial role in academic achievement in university students with ASD as both autistic traits and executive functioning can significantly predict academic progress (Dijkhuis et al., 2020). However, there appears to be a lack of literature on individuals with high levels of traits of neurodevelopmental disorders, rather than a clinical diagnosis.

It may be possible for individuals to have high levels of traits of a neurodevelopmental condition despite lacking a clinical diagnosis (Constantino and Todd, 2003; Loe and Feldman, 2007). For example, children who demonstrate difficulties with hyperactivity and inattention but no clinical diagnosis of ADHD can have poor academic achievement (Loe and Feldman, 2007), and Fastame (2020) concluded that motor skills are critical to academic achievement in both neurotypical individuals as well as those with DCD. Fastame (2020) suggests that the underlying mechanism for this develops early on in infancy; playing and interacting with physical objects develops sensory-motor intelligence, which Fastame (2020) suggests is of utmost importance for further cognitive development. Based on this research, it seems likely that high levels of neurodevelopmental disorder traits that do not reach the threshold for a clinical diagnosis could affect academic achievement in university students, and with the literature being consistent that executive function impairments are associated with neurodevelopmental disorders, it may be possible that levels of neurodevelopmental disorder traits have a role in the relationship between executive function and academic achievement.

If neurodevelopmental disorder traits are found to have a significant role in the relationship between executive function and academic achievement in university students, this could result in potential changes to intervention strategies for individuals with these conditions or those with high levels of neurodevelopmental disorder traits. It could also perhaps improve access to better quality support for students with such conditions or traits, especially for those with a high level of ASD, ADHD, or DCD traits who may otherwise be missed due to the lack of a diagnosis. Additionally, identifying high levels of neurodevelopmental disorder traits in students may provide prognostic value; it may indicate that a student could potentially be at risk of academic underachievement.

Thus, if these traits are identified early, any necessary interventions such as those that seek to improve executive functioning can be put in place for the student earlier on, giving them a higher chance of academic success (for a review, see Jacob and Parkinson, 2015). Such findings could also enhance current understanding of how high levels of neurodevelopmental disorder traits in adult students with no clinical diagnosis relates to their academic achievement, which is essential for long-term life outcomes (Giofre et al., 2017), such as self-esteem (Alves-Martins et al., 2002), life satisfaction (Clark and Malecki, 2019), and wellbeing (Bucker et al., 2018).



The present study

The links between executive function and academic achievement, and between neurodevelopmental disorders and academic achievement, are well-established in the literature. However, less is known about these relationships in adult university students and in those with a high level of neurodevelopmental traits but no clinical diagnosis. In addition, there still remains a gap in the literature regarding the nature of this relationship, for example, the role of neurodevelopmental disorder traits in the relationship between executive function and academic achievement. Therefore, the current study seeks to assess whether traits of ASD, ADHD, and DCD predict academic achievement in university students as the first aim. Then, considering the potential EF deficit associated with neurodevelopmental disorders, the study will additionally consider the contribution of EF by using moderation analysis to assess whether traits of ASD, ADHD, and DCD moderate the relationship between executive function and academic achievement as the second aim. The hypotheses are;


1.Higher levels of ASD, ADHD, and DCD traits will significantly predict lower academic achievement in university students.

2.Higher levels of ASD, ADHD, and DCD traits will significantly moderate a positive relationship between executive function and academic achievement in university students.






Method


Participants

One hundred and seventy-five university students took part in this study, however, there were only one hundred and fifty-eight completed responses that were used for the analysis. Of these 158 participants, 87.3% were female (N = 138), 10.8% were male (N = 17). 1.9% of participants preferred not to state their gender (N = 3). The age range was 18–47 (M = 21.31, SD = 4.07). Twenty-one participants had a diagnosis of at least one neurodevelopmental condition; nine had a diagnosis of autism, nine had ADHD, two had attention-deficit disorder (ADD), seven had dyslexia, and one had dyspraxia. Of these, six participants had co-occurring neurodevelopmental disorders; three had co-occurring ASD and ADHD, one had ASD and ADD, one had ADHD and dyslexia, and one had ADHD, DCD, and dyslexia. The remaining participants (N = 137) were neurotypical, therefore, this was a majority non-clinical sample. To be eligible to participate in this study, participants had to be university students aged 18 and above. This included both undergraduates and postgraduates, full time or part time. However, they had to be on taught programs to be able to participate, therefore, PhD students were not included.

Participants did not need to have a diagnosis of any neurodevelopmental disorders to take part; both neurotypical and neurodiverse students were eligible for participation. However, they were asked whether they have a diagnosed neurodevelopmental condition and to specify which, to be sure that any significant results found were not due to a large proportion of participants having clinical diagnoses of the neurodevelopmental disorders of interest. Neurodiverse participants were included as well as neurotypical individuals for two reasons; the first was to ensure variation in scores, since individuals with a clinical diagnosis of a neurodevelopmental disorder are likely to have higher levels of traits according to the diagnostic criteria of the DSM-5 (American Psychiatric Association, 2013).

The second reason was to ensure the sample would reflect the true spread of neurotypical and neurodiverse individuals in a sample of university students. This was important to consider given that increasing numbers of individuals with neurodevelopmental conditions, such as ASD, are opting to progress to postsecondary education (Dijkhuis et al., 2020). Participants were recruited using the online platforms SONA, which recruited students from the researcher’s institution and where the majority of participants were recruited from, and Call for Participants, which opened up the study to university students from institutions across the globe. Other university students known personally to the researcher were also invited to participate. Participants were not required to disclose which course they were studying or at which university. Participants who may be likely to experience distress as a result of the topics included in the study were advised not to participate.



Design and statistical analyses

This study used a correlational design, and was conducted online using the Qualtrics platform. Data were first checked for normality using histograms, and all variables followed a normal distribution shape. However, ASD and DCD traits displayed a very slight positive skew. This means that on average, participants generally had slightly lower levels of ASD and DCD traits. A Pearson correlation matrix was used to assess correlations between all variables. A multiple regression was used to determine whether levels of ASD, ADHD, and DCD traits predict academic achievement, and a moderation analysis using the PROCESS macro model 1 was used to assess whether ASD, ADHD, and DCD traits, respectively, moderated the relationship between executive function and academic achievement. All analyses were completed in IBM SPSS Statistics Version 27.



Ethical considerations

This study was granted ethical approval from the ethics committee at University of Greenwich. Participants were asked to give informed consent before beginning the study, which detailed what they would be asked to do, and assured them that participation is voluntary. Participants could withdraw from the study at any time, and they could withdraw their data for up to a week after they completed the study. They were given the researcher’s email address if they had any questions or concerns, or if they wished to withdraw their data, by stating their unique personal code they created at the start to ensure confidentiality.

There was no risk of physical harm to participants, however, there may have been a very small risk of psychological distress. This may have occurred as a result of the nature of some of the questionnaire items; disclosing the results of their university assessments may raise concerns relating to self-esteem and others may be sensitive toward research into neurodevelopmental disorders. To reduce the likelihood of psychological distress, participants were advised not to take part if they are sensitive to the topics being studied, and they were given the details of the university counseling service and other organizations relating to autism, ADHD, and DCD on the debrief form.



Materials

This was an online study which required the use of an internet-capable device and an internet connection. Data were collected across two academic years; 2020–2021 and 2021–2022. Self-report data was obtained from four questionnaires. Executive functioning was determined by scores on the Amsterdam Executive Function Inventory (AEFI; Van der Elst et al., 2012), consisting of 13 items assessing executive function using a three-point scale consisting of not true (1), partly true (2), or true (3). This scale was chosen over laboratory methods due to the convenience of it being able to be completed by a large sample, and it may also provide a better insight into executive functions in everyday life rather than laboratory-based methods which may lack ecological validity somewhat (Leonard and Hill, 2015).

ASD traits were measured using the Autism Quotient (AQ; Baron-Cohen et al., 2001), which consists of 50 items regarding autism-typical behaviors on a four-point scale consisting of definitely agree (1), slightly agree (2), slightly disagree (3), or definitely disagree (4). Definitely agree and slightly agree responses were scored 1 point on autism-typical items such as “I prefer to do things the same way over and over again.” There were 26 reverse scored items, such as “I prefer to do things with others rather than on my own,” where slightly disagree and definitely disagree were scored 1 point.

ADHD traits were measured using the Adult ADHD Self-Report Scale (ASRS; Kessler et al., 2005), which has 18 items relating to ADHD traits. Participants indicated how often each item occurs in their life on a five-point scale from never (1) to very often (5). DCD traits were measured using the Adult DCD Checklist (ADC; Kirby et al., 2010), which has 30 items relating to motor coordination. This measure is divided into two sections; childhood (10 items) and present time (20 items). Participants indicated how often these items apply to them, on a four-point scale from never (1) to always (4). Responses on all measures were scored summed to provide a total score.

Academic achievement was measured using students’ results from the first assignment and most recent assignment they submitted during the academic year in which they participated. These scores were used to calculate a mean to provide a measure of academic achievement. In the event that a participant had only completed one assignment during the academic year at the time of participating, they were asked to provide the same number as they did for the previous question. Items across all measures were scored such that higher scores meant better executive functioning, higher levels of ASD, ADHD, and DCD traits, and higher academic achievement.



Procedure

Participants were asked for demographic data (age and gender), and whether or not they have a neurodevelopmental disorder. If so, they were asked to specify which. Participants were then asked for the result of their first university assessment and most recent assessment of the academic year in numerical form out of 100, as a measure for academic achievement. Participants then completed the AQ (Baron-Cohen et al., 2001), ASRS (Kessler et al., 2005), the ACD (Kirby et al., 2010), and the AEFI (Van der Elst et al., 2012), and were then fully debriefed.




Results

The means, standard deviations, and range of scores for each measure are shown in Table 1. Correlations between all variables are presented in Table 2.


TABLE 1    Means, standard deviations, and range of scores across each measure.

[image: Table 1]


TABLE 2    Correlation matrix of variables.
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A multiple regression revealed that ASD, ADHD, and DCD traits accounted for 2% of variance in academic achievement, R2 = 0.02, F(3, 154) = 1.06, p = 0.367, but this was non-significant. Individually, traits of ASD β = –0.14, t(154) = –1.52, p = 0.13; ADHD β = 0.14, t(154) = –1.27, p = 0.205, and DCD β = –0.03, t(154) = –3.12, p = 0.75, did not significantly predict academic achievement.

Three moderated regression analyses were performed using the PROCESS macro model 1, with executive function as the predictor, academic achievement as the outcome, and traits of ASD, ADHD, and DCD as the moderator in each regression, respectively. All variables were centered, and the conditioning values were set to –1 SD, mean, +1 SD. With ASD traits as the moderator, 5% of the variance in academic achievement was explained, R2 = 0.05, F(3, 154) = 2.82, p = 0.04. However, the interaction was non-significant [β = 0.04, t(154) = 1.82, p = 0.07].

With ADHD traits as the moderator, 5% of the variance in academic achievement was explained, R2 = 0.05, F(3, 154) = 2.94, p = 0.03. The interaction between executive function and ADHD traits was significant [β = 0.02, t(154) = 2.46, p = 0.01], suggesting that ADHD traits significantly moderated the relationship between EF and academic achievement. The association between EF and achievement was negative, but simple slopes analysis revealed that this was only significant at a low level of ADHD traits (p < 0.006). At average and high levels of ADHD traits, the interaction was non-significant. At a high level of ADHD traits, the relationship between EF and achievement was positive, but as this was non-significant it cannot be reliably interpreted.

With DCD traits as the moderator, 5% of the variance in academic achievement was explained, R2 = 0.05, F(3, 154) = 2.87, p = 0.038. The interaction between executive function and DCD traits was significant [β = 0.02, t(154) = 2.38, p = 0.019], suggesting that DCD traits significantly moderated the relationship between EF and academic achievement. The association between EF and achievement was negative, but simple slopes analysis revealed that this was only significant at a low level of DCD traits (p < 0.005). At average and high levels of DCD traits, the interaction was non-significant. At a high level of DCD traits, the relationship between EF and achievement was positive, but as this was non-significant it cannot be reliably interpreted.



Discussion

The first aim of the current study was to assess whether traits of ASD, ADHD, and DCD could significantly predict academic achievement in university students, with the hypothesis that higher levels of traits would significantly predict lower academic achievement. ASD, ADHD, and DCD traits did not significantly predict achievement, suggesting that having a high level of traits of these conditions does not significantly predict that a student will have lower achievement. Thus, the hypothesis was not supported. Although the direction of this relationship was in line with the findings of previous studies such as St John et al. (2018); Milgramm et al. (2021), and Smits-Engelsman et al. (2021), this cannot be reliably interpreted as the model was non-significant.

Furthermore, the relationship between these variables was weak, which suggests that having a high level of autistic traits may have less of an influence on academic achievement than having a clinical diagnosis of ASD and/or DCD does. Further to this, the relationship between ADHD traits and achievement was not only non-significant, but also positive. This was the opposite direction to what was hypothesized based on previous literature such as Carrasco et al. (2021), which further suggests that the model is a poor fit.

It should be noted, however, that the current study did not specifically recruit participants with a clinical diagnosis of ASD, ADHD, or DCD; rather, the majority were neurotypical university students, although 21 of the 158 participants did have a diagnosis of at least one neurodevelopmental condition. As the study was looking at traits in a majority neurotypical sample, this may be the reason that levels of ASD, ADHD, and DCD traits did not significantly predict academic achievement as hypothesized.

Additionally, many of the studies that have identified poorer academic performance in individuals with neurodevelopmental disorders studied children, such as Kim et al. (2018); Fastame (2020), Milgramm et al. (2021), and Smits-Engelsman et al. (2021), whereas the present study was conducted with adult university students. This may explain why ASD, ADHD, and DCD traits did not significantly predict academic achievement, as it is possible that individuals with these conditions may experience a reduction in the severity and impact of their condition on many areas of their life with age (Adler and Chua, 2002; Shattuck et al., 2007; Esbensen et al., 2009).

The non-significant relationship between ASD, ADHD, and DCD traits and achievement could also perhaps be explained by the possibility that some of the students who participated in this study may have received additional academic support, which could positively affect their academic performance. In addition, those with higher levels of traits but not high enough for a clinical diagnosis may not experience significant academic difficulty. This may be why these individuals do not reach the threshold for a clinical diagnosis; the level of traits they report may not have enough of a significant impact on their daily life that their academic performance is affected, which can be the reason why many individuals with ADHD, for example, are brought to the attention of clinicians to begin with (Loe and Feldman, 2007). However, it is also possible that ASD, ADHD, and DCD traits alone did not significantly predict achievement as there is another factor influencing the relationship—executive function—as the moderation analysis revealed.

The second aim was to determine whether traits of ASD, ADHD, and DCD moderate the relationship between executive function and academic achievement, with the hypothesis that higher levels of ASD, ADHD, and DCD traits would significantly moderate a positive relationship between executive function and academic achievement. ASD traits did not significantly moderate the relationship between EF and academic achievement, but ADHD and DCD traits did significantly moderate this relationship. However, the interaction was only significant at lower levels of ADHD and DCD traits, and the relationship between executive function and achievement was negative. This suggests that lower levels of ADHD and DCD traits, respectively, significantly moderated a negative relationship between executive function and achievement therefore the second hypothesis is not fully supported despite the statistical significance.

These findings do not provide adequate support for the findings of Gropper and Tannock (2009), who found that working memory impairments can negatively affect academic achievement in university students with ADHD. However, it should be noted that Gropper and Tannock (2009) did not investigate the moderating role of the levels of ADHD traits, so the findings of the present study are not directly comparable. Further to this, in both the moderation analyses with ADHD and DCD traits as the moderators, respectively, the relationship between executive function and achievement was negative, which does not align with the findings of numerous previous studies. The majority of studies that found a positive relationship between executive function and academic achievement have been conducted on children, so the results of the current study could suggest that executive function may not be as strong a predictor of academic achievement in adult students than it is in children.

It is also worth noting that the relationship between executive function and achievement was only negative at lower and average levels of both ADHD and DCD traits. At higher levels of ADHD and DCD traits, this relationship was positive, which, although statistically non-significant, supports the direction of the second hypothesis. Despite the statistical non-significance, this does not suggest that there is no relationship between these variables. Rather, this may suggest that for some neurotypical individuals, having a high level of ADHD and/or DCD traits and poorer executive function could potentially be a risk factor for lower academic performance. However, additional research would be needed to explore this possibility further, and investigate whether or not this result is repeated and significant in a larger number of students from a wider variety of higher education institutions. Such findings may be of prognostic value; academic support could be put in place earlier for students with poorer executive functioning and higher levels of ADHD and/or DCD traits to promote academic success. It should also be noted that the percentage of variance in academic achievement accounted for by EF and traits of ASD, ADHD, and DCD, respectively, is fairly low, which could suggest that there is another factor that could account for variance in achievement that was not measured in the present study.

The current study can offer a contribution to the gap in the literature concerning the role of neurodevelopmental disorder traits in the relationship between executive function and achievement in the adult student population, and the nature of the relationship between these variables in neurotypical students. This study also contributes evidence of a moderating role of ADHD and DCD traits in the relationship between EF and achievement in neurotypical university students, suggesting that the relationship between EF and neurodevelopmental disorder traits in relation to academic performance may not only be limited to individuals with a clinical diagnosis of a neurodevelopmental condition. However, further research is needed to support this suggestion, as research into this understudied area is limited and therefore reduces the extent to which the findings can be reliably interpreted and compared with findings of previous research.

The current study also offers evidence to suggest that students with a high level of neurodevelopmental disorder traits but no clinical diagnosis may not potentially be as at risk of academic underachievement compared with individuals who have a clinical diagnosis of ASD, ADHD, or DCD. However, this does not necessarily mean that no neurotypical university students with a high level of ASD, ADHD, or DCD traits will ever be at risk of academic underachievement. ASD and DCD traits displayed a negative relationship with academic achievement, and, although non-significant, there could be a possibility that individual students with a high level of ASD or DCD traits, who do not reach the threshold for a clinical diagnosis, could face academic difficulty. With no clinical diagnosis, they may not come to the attention of university academic support services, potentially placing them at risk of academic underachievement.

Despite the contributions of this study, it has some noteworthy limitations. Firstly, executive function and DCD traits were measured using a self-report questionnaire rather than lab-based assessments. The Amsterdam Executive Function Inventory (AEFI; Van der Elst et al., 2012) and the Adult DCD Checklist (Kirby et al., 2010) were used in the present study for the convenience of being able to administer the measures online to a large number of university students, and for the relevance of its items to everyday life. However, using an executive function battery comprised of various widely used tasks, such as verbal fluency, the Wisconsin card sorting test, and the digit span test (Faria et al., 2015) for example, may be a better measure for future research into this area.

More recently, the Free Research Executive Function Evaluation (FREE; Zanini et al., 2021) test battery for executive function has been developed; which is designed to be completed at the individual’s own pace, so that performance is not affected by speed of perception or psychomotor ability. Zanini et al. (2021) also conclude that the FREE battery can be administered to populations other than and including Western cultures, and to individuals of any socioeconomic status, suggesting that the FREE may have huge potential as a global measure of executive function. In addition to lab-based methods, future research should also include a self-report measure such as the AEFI (Van der Elst et al., 2012), or the Behavior Rating Inventory of Executive Function (BRIEF; Gioia et al., 2000), to provide data on executive function using items that relate more closely to everyday activities than the lab-based tasks, which offers higher ecological validity (Leonard and Hill, 2015).

For the DCD checklist, the first section contains items regarding childhood, which gathers retrospective data. This could mean that these answers may no longer be relevant to the participants’ current motor skills, potentially affecting the accuracy of the results. To address this limitation, a lab-based task could be used to measure motor skills in addition to the self-report measure of DCD traits, such as the Test of Motor Competence (TMC), an assessment battery that assesses both gross and fine motor skills, as described by Sigmundsson et al. (2016). Using a direct measure of motor co-ordination specifically rather than simply measuring DCD traits could provide an insight into the potential relationship between executive function, motor co-ordination, and academic performance, for which there is some similar evidence from Fastame (2020), who concluded that motor co-ordination is crucial for academic achievement in both neurotypical individuals and those with a clinical diagnosis of DCD.

Another limitation of the present study was that the majority of participants were female. Research has suggested that a higher number of males have ASD compared to females (Loomes et al., 2017; Ratto et al., 2018), and that females with ASD may be more likely to “mask” their autistic behaviors (Ratto et al., 2018; Pearson and Rose, 2021). Therefore, a sample of mostly female participants could mean that any potential relationships between ASD traits and academic achievement may appear non-significant. It is also considered that there is a great deal of heterogeneity in autism (Lenroot and Yeung, 2013; Jeste and Geschwind, 2014; Pearson and Rose, 2021), therefore, it may be possible that not all individuals with a high level of autistic traits experience the same traits to the same degree. This variation may lead to non-significant findings in the relationship between ASD traits and academic achievement, and may result in any potential moderating role of ASD traits appearing non-significant in the relationship between executive function and academic achievement.

A further notable limitation is that the study did not require participants to disclose which institution they were studying at, or which course they were on. The majority of the participants were studying at the researcher’s affiliated institution, which means that these results mainly reflect the responses of university students studying in the United Kingdom in one institution. The study was also available to students studying at universities in other countries, therefore, the study has not taken into account any potential influences of cultural factors or socioeconomic status. It may have also been useful to know which courses the participants were studying, in order to account for the possibility that some students may not be studying “academic” subjects, and may not be graded using the percentage format.

The current study also did not consider whether participants had accessed any assistance from university academic support services or if they were in receipt of additional examination requirements such as extra time. Accessing such support may positively affect students’ academic performance which may render any relationship between neurodevelopmental disorder traits and academic achievement non-significant. To address this limitation, future research should note whether participants have accessed academic skills support and whether they receive any additional examination requirements, and if so, which. This could also provide data on the role of academic support as a possible protective factor in the relationship between neurodevelopmental disorder traits and academic achievement. Future research could explore whether such interventions can improve academic achievement outcomes in university students with a high level of neurodevelopmental disorder traits, as well as those with a clinical diagnosis.

As it is consistent among the literature that executive function can be impaired and academic achievement can be lower in individuals with ASD, there may be a possibility that while the interaction between executive function and ASD traits was non-significant in a sample of majority neurotypical students, this relationship may be significant in individuals with a clinical diagnosis of ASD. This may be especially relevant as the result was very close to the significance threshold, thus, future research with a clinical sample may find a significant result. Therefore, future research could explore the potential moderating role of ASD traits on the relationship between executive function and achievement in university students with a clinical diagnosis of ASD, and perhaps other conditions known to affect academic performance in university students, such as dyslexia (Richardson, 2010; Stagg et al., 2018).

It may also be worth investigating the possibility of a different relationship between executive function, neurodevelopmental disorder traits and academic achievement; for example, the potential mediating role of executive function in the relationship between neurodevelopmental disorder traits and academic achievement in university students. There is evidence for this potential relationship coming from similar studies by Cadoret et al. (2018) with children with DCD, and Schmidt et al. (2017) with typically developing children, who found that executive function had a significant mediating role in the relationship between children’s motor co-ordination and academic achievement.

A further possible direction for future research could be to consider the roles of traits that overlap between neurodevelopmental disorders, and of co-occurrence of such conditions, in academic achievement. It is possible for neurodevelopmental disorders such as ASD, ADHD, and DCD to co-occur (Tal-Saban and Kirby, 2019; Miller et al., 2021), and there are often traits that are found in more than one of these conditions (Reiersen et al., 2008), for example, motor difficulties can be found in ASD and ADHD as well as DCD (Lindor et al., 2019; Miller et al., 2021). The current study examined whether traits of ASD, ADHD, and DCD could separately moderate the relationship between executive function and academic achievement, so future research could assess whether traits of these disorders together can moderate this relationship in students with clinical diagnoses, which could have notable implications for individuals who have been diagnosed with co-occurring ASD, ADHD, or DCD. There appears to be scope for this suggestion, given the increasing popularity of the transdiagnostic approach to neurodevelopmental disorders, as discussed by Astle et al. (2022). Such research could highlight the need for further research into effective academic support interventions for these students, to enable them to perform at the best of their capabilities.



Conclusion

The results of this study appear to suggest that neurodevelopmental disorder traits alone do not significantly predict achievement. This may provide evidence that also relates to clinical samples; the poorer academic achievement associated with neurodevelopmental disorders may be influenced by factors other than the traits of the neurodevelopmental conditions themselves. However, when ADHD and DCD traits, respectively, interact with executive functioning, they do significantly predict achievement. Thus, the relationship between neurodevelopmental disorder traits and academic achievement may only be significant in neurotypical individuals when executive function is taken into account.

However, it may still be possible for individual students with a high level of traits to be at risk of academic underachievement—students with a high level of ADHD or DCD traits and poor executive function may be at risk of lower achievement, although further research is needed to determine whether this result would be replicated and significant in a larger sample of students from a wider range of higher education institutions. Furthermore, as executive function displayed a negative relationship with achievement, this could suggest that executive function may be more of a significant contributor to academic achievement in children than in adult students, however, this area still remains understudied in adults. Given that the percentage of variance in academic achievement accounted for by executive function and traits of ASD, ADHD, and DCD, respectively, was low, this may suggest that there is a possibility of another factor influencing achievement. Future studies that seek to explore this topic further should incorporate laboratory-based methods when assessing executive function in addition to self-report measures relating to everyday tasks, to provide a thorough and reliable insight into the nature of the relationship between executive function, neurodevelopmental disorder traits, and academic achievement.



Data availability statement

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



Ethics statement

The studies involving human participants were reviewed and approved by the Psychology and Counselling Departmental Ethics Committee, University of Greenwich, London, United Kingdom. The patients/participants provided their written informed consent to participate in this study.



Author contributions

CS contributed to the planning, design, data collection and analysis, and write-up of this research.



Acknowledgments

The author thanks all of the participants who kindly took part in this study. The author also thanks Marialivia Bernardi for her support with this project.



Conflict of interest

The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

Adams, N. C., and Jarrold, C. (2012). Inhibition in autism: Children with autism have difficulty inhibiting irrelevant distractors but not prepotent responses. J. Autism Dev. Disord. 42, 1052–1063. doi: 10.1007/s10803-011-1345-3

Adler, L. A., and Chua, H. C. (2002). Management of ADHD in adults. J. Clin. Psychiatry 63, 29–35.

Alves-Martins, M., Peixoto, F., Gouveia-Pereira, M., Amaral, V., and Pedro, I. (2002). Self-esteem and Academic Achievement Among Adolescents. Educ. Psychol. 22, 51–62. doi: 10.1080/01443410120101242

American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental Disorders, (5th Edn). Washington, DC: APA.

Antshel, K. M., Zhang-James, Y., Wagner, K. E., Ledesma, A., and Faraone, S. V. (2016). An update on the comorbidity of ADHD and ASD: A focus on clinical management. Expert Rev. Neurother. 16, 279–293. doi: 10.1586/14737175.2016.1146591

Arnold, L. E., Hodgkins, P., Kahle, J., Madhoo, M., and Kewley, G. (2020). Long-term outcomes of ADHD: Academic achievement and performance. J. Attent. Disord. 24, 73–85. doi: 10.1177/1087054714566076

Arnsten, A. F. T., and Li, B. (2005). Neurobiology of Executive Functions: Catecholamine Influences on Prefrontal Cortical Functions. Biol. Psychiatry 57, 1377–1384. doi: 10.1016/j.biopsych.2004.08.019

Astle, D. E., Holmes, J., Kievit, R., and Gathercole, S. E. (2022). Annual Research Review: The transdiagnostic revolution in neurodevelopmental disorders. J. Child Psychol. Psychiatry 63, 397–417. doi: 10.1111/jcpp.13481

Bailey, B. A., Andrzejewski, S. K., Greif, S. M., Svingos, A. M., and Heaton, S. C. (2018). The Role of Executive Functioning and Academic Achievement in the Academic Self-Concept of Children and Adolescents Referred for Neuropsychological Assessment. Children 5:83. doi: 10.3390/children5070083

Bailey, C. E. (2007). Cognitive Accuracy and Intelligent Executive Function in the Brain and in Business. Soc. Cogn. Neurosci. Organ. 1118, 122–141. doi: 10.1196/annals.1412.011

Ball, G., Stokes, P. R., Rhodes, R. A., Bose, S. K., Rezek, I., Wink, A., et al. (2011). Executive functions and prefrontal cortex: A matter of persistence? Front. Syst. Neurosci. 5:3. doi: 10.3389/fnsys.2011.00003

Barbaresi, W. J., Katusic, S. K., Colligan, R. C., Weaver, A. L., and Jacobsen, S. J. (2007). Long-term school outcomes for children with attention-deficit/hyperactivity disorder: A population-based perspective. J. Dev. Behav. Pediatr. 28, 265–273. doi: 10.1097/DBP.0b013e31811ff87d

Barendse, E. M., Hendricks, M. P. H., Jansen, J. F. A., Backes, W. H., Hofman, P. A. M., Thoonen, G., et al. (2013). Working memory deficits in high-functioning adolescents with autism spectrum disorders: Neuropsychological and neuroimaging correlates. J. Neurodev. Disord. 5, 1–11. doi: 10.1186/1866-1955-5-14

Baron-Cohen, S., Wheelwright, S., Skinner, R., Martin, J., and Clubley, E. (2001). The autism-spectrum quotient (AQ): Evidence from Asperger syndrome/high-functioning autism, males and females, scientists and mathematicians. J. Autism Dev. Disord. 31, 5–17. doi: 10.1023/a:1005653411471

Bernardi, M., Leonard, H. C., Hill, E. L., Botting, N., and Henry, L. A. (2017). Executive functions in children with developmental coordination disorder: A 2-year follow-up study. Dev. Med. Child Neurol. 60, 306–313. doi: 10.1111/dmcn.13640

Best, J. R., and Miller, P. H. (2010). A Developmental Perspective on Executive Function. Child Dev. 81, 1641–1660. doi: 10.1111/j.1467-8624.2010.01499.x

Biederman, J., Monuteaux, M. C., Doyle, A. E., Seidman, L. J., Wilens, T. E., Ferrero, F., et al. (2004). Impact of Executive Function Deficits and Attention-Deficit/Hyperactivity Disorder (ADHD) on Academic Outcomes in Children. J. Consult. Clin. Psychol. 72, 757–766. doi: 10.1037/0022-006X.72.5.757

Blair, C., and Razza, R. P. (2007). Relating Effortful Control, Executive Function, and False Belief Understanding to Emerging Math and Literacy Ability in Kindergarten. Child Dev. 78, 647–663. doi: 10.1111/j.1467-8624.2007.01019.x

Brown, T. E., and Landgraf, J. M. (2010). Improvements in Executive Function Correlate with Enhanced Performance and Functioning and Health-Related Quality of Life: Evidence from 2 Large, Double-Blind, Randomized, Placebo-Controlled Trials in ADHD. Postgrad. Med. 122, 42–51. doi: 10.3810/pgm.2010.09.2200

Bucker, S., Nuraydin, S., Simonsmeier, B. A., Schneider, M., and Luhmann, M. (2018). Subjective well-being and academic achievement: A meta-analysis. J. Res. Person. 74, 83–94. doi: 10.1016/j.jrp.2018.02.007

Bull, R., and Scerif, G. (2001). Executive functioning as a predictor of children’s mathematics ability: Inhibition, switching, and working memory. Dev. Neuropsychol. 19, 273–293. doi: 10.1207/S15326942DN1903_3

Cadoret, G., Bigras, N., Duval, S., Lemay, L., Tremblay, T., and Lemire, J. (2018). The mediating role of cognitive ability on the relationship between motor proficiency and early academic achievement in children. Hum. Mov. Sci. 57, 149–157. doi: 10.1016/j.humov.2017.12.002

Carrasco, K. D., Chuang, C., and Tripp, G. (2021). Shared Predictors of Academic Achievement in Children with ADHD: A Multi-Sample Study. J. Attent. Disord. 26, 573–586. doi: 10.1177/10870547211012039

Charman, T., Pickles, A., Simonoff, E., Chandler, S., Loucas, T., and Baird, G. (2011). IQ in children with autism spectrum disorders: Data from the Special Needs and Autism Project (SNAP). Psychol. Med. 41, 619–627. doi: 10.1017/S0033291710000991

Christ, S. E., Kester, L. E., Bodner, K. E., and Miles, J. H. (2011). Evidence for selective inhibitory impairment in individuals with autism spectrum disorder. Neuropsychology 25, 690–701. doi: 10.1037/a0024256

Christopher, M. E., Miyake, A., Keenan, J. M., Pennington, B., DeFries, J. C., Wadsworth, S. J., et al. (2012). Predicting word reading and comprehension with executive function and speed measures across development: A latent variable analysis. J. Exp. Psychol. 141, 470–488. doi: 10.1037/a0027375

Clark, C., Prior, M., and Kinsella, G. (2002). The relationship between executive function abilities, adaptive behaviour, and academic achievement in children with externalising behaviour problems. J. Child Psychol. Psychiatry 43, 785–796. doi: 10.1111/1469-7610.00084

Clark, C. A. C., Pritchard, V. E., and Woodward, L. J. (2010). Preschool executive functioning abilities predict early mathematics achievement. Dev. Psychol. 46, 1176–1191. doi: 10.1037/a0019672

Clark, K. N., and Malecki, C. K. (2019). Academic Grit Scale: Psychometric properties and associations with achievement and life satisfaction. J. Sch. Psychol. 72, 49–66. doi: 10.1016/j.jsp.2018.12.001

Constantino, J. N., and Todd, R. D. (2003). Autistic traits in the general population: A twin study. Arch. Gen. Psychiatry 60, 524–530. doi: 10.1001/archpsyc.60.5.524

Davies, S., Janus, M., Duku, E., and Gaskin, A. (2016). Using the Early Development Instrument to examine cognitive and non-cognitive school readiness and elementary student achievement. Early Child. Res. Q. 35, 63–75. doi: 10.1016/j.ecresq.2015.10.002

Demetriou, E. A., DeMayo, M. M., and Guastella, A. J. (2019). Executive Function in Autism Spectrum Disorder: History, Theoretical Models, Empirical Findings, and Potential as an Endophenotype. Front. Psychiatry 10:753. doi: 10.3389/fpsyt.2019.00753

Diamond, A. (2000). Close interrelation of motor development and cognitive development and of the cerebellum and prefrontal cortex. Child Dev. 71, 44–56. doi: 10.1111/1467-8624.00117

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

Dijkhuis, R., de Sonneville, L., Ziermans, T., Staal, W., and Swaab, H. (2020). Autism Symptoms, Executive Functioning and Academic Progress in Higher Education Students. J. Autism Dev. Disord. 50, 1353–1363. doi: 10.1007/s10803-019-04267-8

Esbensen, A. J., Seltzer, M. M., Lam, K. S. L., and Bodfish, J. W. (2009). Age-Related Differences in Restricted Repetitive Behaviors in Autism Spectrum Disorders. J. Autism Dev. Disord. 39, 57–66. doi: 10.1007/s10803-008-0599-x

Espy, K. A., McDiarmid, M. D., Cwik, M. F., Stalets, M. M., Hamby, A., and Senn, T. E. (2004). The contribution of executive functions to emergent mathematic skills in preschool children. Dev. Neuropsychol. 6, 465–486. doi: 10.1207/s15326942dn2601_6

Estes, A., Rivera, V., Cali, P. W., Bryan, M., and Dawson, G. (2011). Discrepancies between academic achievement and intellectual ability in higher-functioning school-aged children with autism spectrum disorder. J. Autism Dev. Disord. 8, 1044–1052. doi: 10.1007/s10803-010-1127-3

Faria, C. A., Alves, H., and Charchat-Fichman, H. (2015). The most frequently used tests for assessing executive functions in aging. Dement. Neuropsychol. 9, 149–155. doi: 10.1590/1980-57642015DN92000009

Fastame, M. C. (2020). The contribution of motor functions to academic achievement in primary school: State of the art and future directions. Sch. Psychol. Int. 41, 522–542. doi: 10.1177/0143034320954494

Giofre, D., Borella, E., and Mammarella, I. C. (2017). The relationship between intelligence, working memory, academic self-esteem, and academic achievement. J. Cogn. Psychol. 29, 731–747. doi: 10.1080/20445911.2017.1310110

Gioia, G. A., Isquith, P. K., Guy, S. C., and Kenworthy, L. (2000). TEST REVIEW Behavior Rating Inventory of Executive Function. Child Neuropsychol. 6, 235–238. doi: 10.1076/chin.6.3.235.3152

Gropper, R. J., and Tannock, R. (2009). A Pilot Study of Working Memory and Academic Achievement in College Students With ADHD. J. Attent. Disord. 12, 574–581. doi: 10.1177/1087054708320390

Harrowell, I., Hollén, L., Lingam, R., and Emond, A. (2018). The impact of developmental coordination disorder on educational achievement in secondary school. Res. Dev. Disabil. 72, 13–22. doi: 10.1016/j.ridd.2017.10.014

Holingue, C., Volk, H., Crocetti, D., Gottlieb, B., Spira, A. P., and Mostofsky, S. H. (2021). Links between parent-reported measures of poor sleep and executive function in childhood autism and attention deficit hyperactivity disorder. Sleep Health 7, 375–383. doi: 10.1016/j.sleh.2020.12.006

Holst, Y., and Thorell, L. B. (2019). Functional impairments among adults with ADHD: A comparison with adults with other psychiatric disorders and links to executive deficits. Appl. Neuropsychol. 27, 243–255. doi: 10.1080/23279095.2018.1532429

Huizinga, M., Baeyens, D., and Burack, J. A. (2018). Editorial: Executive Function and Education. Front. Psychol. 9:1357. doi: 10.3389/fpsyg.2018.01357

Jacob, R., and Parkinson, J. (2015). The Potential for School-Based Interventions That Target Executive Function to Improve Academic Achievement: A Review. Rev. Educ. Res. 85, 512–552. doi: 10.3102/0034654314561338

Jeste, S. S., and Geschwind, D. H. (2014). Disentangling the heterogeneity of autism spectrum disorder through genetic findings. Nat. Rev. Neurol. 10, 74–81. doi: 10.1038/nrneurol.2013.278

Jurado, M. B., and Rosselli, M. (2007). The Elusive Nature of Executive Functions: A Review of our Current Understanding. Neuropsychol. Rev. 17, 213–233. doi: 10.1007/s11065-007-9040-z

Kessler, R. C., Adler, L., Ames, M., Demler, O., Faraone, S., Hiripi, E. V. A., et al. (2005). The World Health Organization Adult ADHD Self-Report Scale (ASRS): A short screening scale for use in the general population. Psychol. Med. 35:245. doi: 10.1017/s0033291704002892

Kim, S. H., Bal, V. H., and Lord, C. (2018). Longitudinal follow-up of academic achievement in children with autism from age 2 to 18. J. Child Psychol. Psychiatry 59, 258–267. doi: 10.1111/jcpp.12808

Kirby, A., Edwards, L., Sugden, D., and Rosenblum, S. (2010). The development and standardization of the adult developmental co-ordination disorders/dyspraxia checklist (ADC). Res. Dev. Disabil. 31, 131–139. doi: 10.1016/j.ridd.2009.08.010

Lawrence, D., Houghton, S., Dawson, V., Sawyer, M., and Carroll, M. (2020). Trajectories of academic achievement for students with attention-deficit/hyperactivity disorder. Br. J. Educ. Psychol. 91, 755–774. doi: 10.1111/bjep.12392

LeBarton, E. S., and Landa, R. J. (2019). Infant motor skill predicts later expressive language and autism spectrum disorder diagnosis. Infant Behav. Dev. 54, 37–47. doi: 10.1016/j.infbeh.2018.11.003

Lee, R. R., Ward, A. R., Lane, D. M., Aman, M. G., Loveland, K. A., Mansour, R., et al. (2021). Executive Function in Autism: Association with ADHD and ASD Symptoms. J. Autism Dev. Disord. [Epub ahead of print]. doi: 10.1007/s10803-020-04852-2

Lenroot, R. K., and Yeung, P. K. (2013). Heterogeneity within autism spectrum disorders: What have we learned from neuroimaging studies? Front. Hum. Neurosci. 7:733. doi: 10.3389/fnhum.2013.00733

Leonard, H. C., Bernardi, M., Hill, E. L., and Henry, L. A. (2015). Executive Functioning, Motor Difficulties, and Developmental Coordination Disorder. Dev. Neuropsychol. 40, 201–215. doi: 10.1080/87565641.2014.997933

Leonard, H. C., and Hill, E. L. (2015). Executive Difficulties in Developmental Coordination Disorder: Methodological Issues and Future Directions. Curr. Dev. Disord. Rep. 2, 141–149. doi: 10.1007/s40474-015-0044-8

Licari, M. K., Alvares, G. A., Varcin, K., Evans, K. L., Cleary, D., Reid, S. L., et al. (2020). Prevalence of Motor Difficulties in Autism Spectrum Disorder: Analysis of a Population-Based Cohort. Autism Res. 13 298–306. doi: 10.1002/aur.2230

Lindor, E., Rinehart, N., and Fielding, J. (2019). Distractor Inhibition in Autism Spectrum Disorder: Evidence of a Selective Impairment for Individuals with Co-occurring Motor Difficulties. J. Autism Dev. Disord. 49, 669–682. doi: 10.1007/s10803-018-3744-1

Loe, I. M., and Feldman, H. M. (2007). Academic and Educational Outcomes of Children With ADHD. J. Pediatr. Psychol. 32, 643–654. doi: 10.1093/jpepsy/jsl054

Loomes, R., Hull, L., and Mandy, W. P. L. (2017). What Is the Male-to-Female Ratio in Autism Spectrum Disorder? A Systematic Review and Meta-Analysis. J. Am. Acad. Child Adolesc. Psychiatry 56, 466–474. doi: 10.1016/j.jaac.2017.03.013

Lopes, L., Santos, R., Pereira, B., and Lopes, V. P. (2013). Associations between gross motor coordination and academic achievement in elementary school children. Hum. Mov. Sci. 32, 9–20. doi: 10.1016/j.humov.2012.05.005

Macdonald, K., Milne, N., Orr, R., and Pope, R. (2020). Associations between motor proficiency and academic performance in mathematics and reading in year 1 school children: A cross-sectional study. BMC Pediatr. 20:69. doi: 10.1186/s12887-020-1967-8

Martel, M., Nikolas, M., and Nigg, J. T. (2007). Executive Function in Adolescents With ADHD. J. Am. Acad. Child Adolesc. Psychiatry 46, 1437–1444. doi: 10.1097/chi.0b013e31814cf953

Mayes, S. D., and Calhoun, S. L. (2003). Ability profiles in children with autism: Influence of age and IQ. Autism 7, 65–80. doi: 10.1177/1362361303007001006

Mayes, S. D., Calhoun, S. L., Bixler, E. O., and Zimmerman, D. N. (2009). IQ and neuropsychological predictors of academic achievement. Learn. Individ. Differ. 19, 238–241. doi: 10.1016/j.lindif.2008.09.001

McLuckie, A., Landers, A. L., Rowbotham, M., Landine, J., Schwartz, M., and Ng, D. (2021). Are Parent- and Teacher-Reported Executive Function Difficulties Associated With Parenting Stress for Children Diagnosed With ADHD? J. Attent. Disord. 25, 22–32. doi: 10.1177/1087054718756196

Milgramm, A., Christodulu, K. V., and Rinaldi, M. L. (2021). Brief Report: Predictors of Teacher-Rated Academic Competence in a Clinic Sample of Children With and Without Autism Spectrum Disorder. J. Autism Dev. Disord. 51, 2132–2138. doi: 10.1007/s10803-020-04680-4

Miller, H. L., Sherrod, G. M., Mauk, J. E., Fears, N. E., Hynan, L. S., and Tamplain, P. S. (2021). Shared Features or Co-occurrence? Evaluating Symptoms of Developmental Coordination Disorder in Children and Adolescents with Autism Spectrum Disorder. J. Autism Dev. Disord. 51, 3443–3455. doi: 10.1007/s10803-020-04766-z

Miller, L. E., Burke, J. D., Troyb, E., Knoch, K., Herlihy, L. E., and Fein, D. A. (2017). Preschool predictors of school-age academic achievement in autism spectrum disorder. Clin. Neuropsychol. 31, 382–403. doi: 10.1080/13854046.2016.1225665

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., and Howerter, A. (2000). The unity and diversity of executive functions and their contributions to complex frontal lobe tasks: A latent variables analysis. Cogn. Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734

Monette, S., Bigras, M., and Guay, M. (2011). The role of the executive functions in school achievement at the end of Grade 1. J. Exp. Child Psychol. 109, 158–173. doi: 10.1016/j.jecp.2011.01.008

Murphy, J. W., Foxe, J. J., Peters, J. B., and Molholm, S. (2014). Susceptibility to distraction in autism spectrum disorder: Probing the integrity of oscillatory alpha-band suppression mechanisms. Autism Res. 7, 442–458. doi: 10.1002/aur.1374

Murray, A. L., Robinson, T., and Tripp, G. (2017). Neurocognitive and Symptom Trajectories of ADHD from Childhood to Early Adolescence. J. Dev. Behav. Pediatr. 38, 465–475. doi: 10.1097/DBP.0000000000000476

Omer, S., and Leonard, H. C. (2021). Internalising symptoms in Developmental Coordination Disorder: The indirect effect of everyday executive function. Res. Dev. Disabil. 109:103831. doi: 10.1016/j.ridd.2020.103831

O’Toole, S. E., Monks, C. P., Tsermentseli, S., and Rix, K. (2018). The contribution of cool and hot executive function to academic achievement, learning-related behaviours, and classroom behaviour. Early Child Dev. Care 190, 806–821. doi: 10.1080/03004430.2018.1494595

Otterman, D. L., Koopman-Verhoeff, M. E., White, T. J., Tiemeier, H., Bolhuis, K., and Jansen, P. W. (2019). Executive functioning and neurodevelopmental disorders in early childhood: A prospective population-based study. Child Adolesc. Psychiatry Mental Health 13:38. doi: 10.1186/s13034-019-0299-7

Pascual, A. C., Munoz, M. N., and Robres, A. Q. (2019). The Relationship Between Executive Functions and Academic Performance in Primary Education: Review and Meta-Analysis. Front. Psychol. 10:1582. doi: 10.3389/fpsyg.2019.01582

Pearson, A., and Rose, K. (2021). A Conceptual Analysis of Autistic Masking: Understanding the Narrative of Stigma and the Illusion of Choice. Autism Adulthood 3, 52–60. doi: 10.1089/aut.2020.0043

Pratt, M. L., Leonard, H. C., Adeyinka, H., and Hill, E. L. (2014). The effect of motor load on planning and inhibition in developmental coordination disorder. Res. Dev. Disabil. 35, 1579–1587. doi: 10.1016/j.ridd.2014.04.008

Rasmussen, P., and Gillberg, C. (2000). Natural Outcome of ADHD With Developmental Coordination Disorder at Age 22 Years: A Controlled, Longitudinal, Community-Based Study. J. Am. Acad. Child Adolesc. Psychiatry 39, 1424–1431. doi: 10.1097/00004583-200011000-00017

Ratto, A. B., Kenworthy, L., Yerys, B. E., Bascom, J., Wieckowski, A. T., White, S. W., et al. (2018). What About the Girls? Sex-Based Differences in Autistic Traits and Adaptive Skills. J. Autism Dev. Disord. 48, 1698–1711. doi: 10.1007/s10803-017-3413-9

Rau, S., Shapek, M. F., Tiplady, K., Seese, S., Burns, A., Armour, A. C., et al. (2020). Identifying comorbid ADHD in autism: Attending to the inattentive presentation. Res. Autism Spectr. Disord. 69:101468. doi: 10.1016/j.rasd.2019.101468

Reiersen, A. M., Constantino, J. N., and Todd, R. D. (2008). Co-occurrence of Motor Problems and Autistic Symptoms in Attention-Deficit/Hyperactivity Disorder. J. Am. Acad. Child Adolesc. Psychiatry 47, 662–672. doi: 10.1097/CHI.0b013e31816bff88

Richardson, J. E. (2010). Course completion and attainment in disabled students taking courses with the Open University UK. Open Learn. 25, 81–94. doi: 10.1080/02680511003787263

Rosen, M. L., Amso, D., and McLaughlin, K. A. (2019). The role of the visual association cortex in scaffolding prefrontal cortex development: A novel mechanism linking socioeconomic status and executive function. Dev. Cogn. Neurosci. 39:100699. doi: 10.1016/j.dcn.2019.100699

Samuels, W. E., Tournaki, N., Blackman, S., and Zilinski, C. (2016). Executive functioning predicts academic achievement in middle school: A four-year longitudinal study. J. Educ. Res. 109, 478–490. doi: 10.1080/00220671.2014.979913

Sartori, R. F., Valentini, N. C., and Fonseca, R. P. (2020). Executive function in children with and without developmental coordination disorder: A comparative study. Child 46, 294–302. doi: 10.1111/cch.12734

Schmidt, M., Egger, F., Benzing, V., Jäger, K., Conzelmann, A., Roebers, C. M., et al. (2017). Disentangling the relationship between children’s motor ability, executive function and academic achievement. PLoS One 12:e0182845. doi: 10.1371/journal.pone.0182845

Shattuck, P. T., Seltzer, M. M., Greenberg, J. S., Orsmond, G. I., Bolt, D., Kring, S., et al. (2007). Change in autism symptoms and maladaptive behaviors in adolescents and adults with an autism spectrum disorder. J. Autism Dev. Disord. 37, 1735–1747. doi: 10.1007/s10803-006-0307-7

Sigmundsson, H., Lorås, H., and Haga, M. (2016). Assessment of Motor Competence Across the Life Span: Aspects of Reliability and Validity of a New Test Battery. SAGE Open 6, 1–10. doi: 10.1177/2158244016633273

Sikora, D. M., Haley, P., Edwards, J., and Butler, R. W. (2002). Tower of London Test Performance in Children With Poor Arithmetic Skills. Dev. Neuropsychol. 21, 243–254. doi: 10.1207/S15326942DN2103_2

Simone, A. N., Marks, D. J., Bédard, A.-C., and Halperin, J. M. (2018). Low working memory rather than ADHD symptoms predicts poor academic achievement in school-aged children. J. Abnorm. Child Psychol. 46, 277–290. doi: 10.1007/s10802-017-0288-3

Smits-Engelsman, B., Bonney, E., and Ferguson, G. (2021). Effects of Graded Exergames on Fitness Performance in Elementary School Children With Developmental Coordination Disorder. Front. Sports Act. Living 3:653851. doi: 10.3389/fspor.2021.653851

St Clair-Thompson, H. L., and Gathercole, S. E. (2006). Executive functions and achievements in school: Shifting, updating, inhibition, and working memory. Q. J. Exp. Psychol. 59, 745–759. doi: 10.1080/17470210500162854

St John, T., Dawson, G., and Estes, A. (2018). Brief Report: Executive Function as a Predictor of Academic Achievement in School-Aged Children with ASD. J. Autism Dev. Disord. 48, 276–283. doi: 10.1007/s10803-017-3296-9

Stagg, S. D., Eaton, E., and Sjoblom, A. M. (2018). Self-efficacy in undergraduate students with dyslexia: A mixed methods investigation. Br. J. Spec. Educ. 45, 26–42. doi: 10.1111/1467-8578.12200

Sumner, E., Crane, L., and Hill, E. L. (2021). Examining academic confidence and study support needs for university students with dyslexia and/or developmental coordination disorder. Dyslexia 27, 94–109.

Tal-Saban, M. T., and Kirby, A. (2019). Empathy, social relationship and co-occurrence in young adults with DCD. Hum. Mov. Sci. 63, 62–72. doi: 10.1016/j.humov.2018.11.005

Tal-Saban, M. T., Ornoy, A., and Parush, S. (2014). Executive function and attention in young adults with and without Developmental Coordination Disorder – A comparative study. Res. Dev. Disabil. 35, 2644–2650. doi: 10.1016/j.ridd.2014.07.002

Tatar, Z. B., and Cansiz, A. (2020). Executive function deficits contribute to poor theory of mind abilities in adults with ADHD. Appl. Neuropsychol. 29, 244–251. doi: 10.1080/23279095.2020.1736074

Thorell, L. B., Veleiro, A., Siu, A. F. Y., and Mohammadi, H. (2013). Examining the relation between ratings of executive functioning and academic achievement: Findings from a cross-cultural study. Child Neuropsychol. 19, 630–638. doi: 10.1080/09297049.2012.727792

Vaidya, C. J., You, X., Mostofsky, S., Pereira, F., Berl, M. M., and Kenworthy, L. (2019). Data-driven identification of subtypes of executive function across typical development, attention deficit hyperactivity disorder, and autism spectrum disorders. J. Child Psychol. Psychiatry 61, 51–61. doi: 10.1111/jcpp.13114

Van der Elst, W., Ouwehand, C., van der Werf, G., Kuyper, H., Lee, N., and Jolles, J. (2012). The Amsterdam Executive Function Inventory (AEFI): Psychometric properties and demographically corrected normative data for adolescents aged between 15 and 18 years. J. Clin. Exp. Neuropsychol. 34, 160–171. doi: 10.1080/13803395.2011.625353

Watson, A. K., and Monroe, E. E. (1990). Academic achievement: A study of relationships of IQ, communication apprehension, and teacher perception. Commun. Rep. 3, 28–36. doi: 10.1080/08934219009367498

Wilens, T. E., and Spencer, T. J. (2010). Understanding attention-deficit/hyperactivity disorder from childhood to adulthood. Postgrad. Med. 122, 97–109. doi: 10.3810/pgm.2010.09.2206

Willoughby, M. T., Wylie, A. C., and Little, M. H. (2019). Testing longitudinal associations between executive function and academic achievement. Dev. Psychol. 55, 767–779. doi: 10.1037/dev0000664

Wray, C., Kowalski, A., Mpondo, F., Ochaeta, L., Belleza, D., DiGirolamo, A., et al. (2020). Executive functions form a single construct and are associated with schooling: Evidence from three low- and middle- income countries. PLoS One 15:e0242936. doi: 10.1371/journal.pone.0242936

Zablotsky, B., Bramlett, M. D., and Blumberg, S. J. (2020). The Co-Occurrence of Autism Spectrum Disorder in Children With ADHD. J. Attent. Disord. 24, 94–103. doi: 10.1177/1087054717713638

Zanini, G. A. V., Miranda, M. C., Cogo-Moreira, H., Nouri, A., Fernandez, A. L., and Pompeia, S. (2021). An Adaptable, Open-Access Test Battery to Study the Fractionation of Executive-Functions in Diverse Populations. Front. Psychol. 12:627219. doi: 10.3389/fpsyg.2021.627219

Zelazo, P. D., and Carlson, S. M. (2020). The neurodevelopment of executive function skills: Implications for academic achievement gaps. Psychol. Neurosci. 13, 273–298. doi: 10.1037/pne0000208

Zhang, Z., Peng, P., and Zhang, D. (2020). Executive Function in High-Functioning Autism Spectrum Disorder: A Meta-analysis of fMRI Studies. J. Autism Dev. Disord. 50, 4022–4038. doi: 10.1007/s10803-020-04461-z

Zwicker, J. G., Missiuna, C., Harris, S. R., and Boyd, L. A. (2012). Developmental coordination disorder: A review and update. Eur. J. Paediatr. Neurol. 16, 573–581. doi: 10.1016/j.ejpn.2012.05.005


OPS/images/fpsyg-13-958013-t001.jpg
Measure

Autism quotient (AQ)
ADHD self-report scale
DCD checklist

Amsterdam executive
function inventory (AEFI)

Academic achievement

N =158.

M

20.85
52.35
57.27
27.28

62.44

SD Minimum

8.08
12.65
15.64
428

827

23
30

42

Maximum

50
89
109
37

100





OPS/images/cross.jpg
@ Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The relationship between executive function, neurodevelopmental disorder traits, and academic achievement in university students



		Introduction



		Executive function and academic achievement



		Executive function and academic achievement in autism spectrum disorder



		Executive function and academic achievement in attention-deficit hyperactivity disorder



		Executive function and academic achievement in developmental co-ordination disorder



		Findings in adults and those without a clinical diagnosis



		The present study







		Method



		Participants



		Design and statistical analyses



		Ethical considerations



		Materials



		Procedure







		Results



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Acknowledgments

		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychology

The relationship between
executive function,
neurodevelopmental disorder
traits, and academic
achievement in university
students












OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychology






OPS/images/fpsyg-13-958013-t002.jpg
Measure

1. Autism quotient

2. ADHD self-report scale

3. DCD checKklist

4. Amsterdam executive function inventory

5. Academic achievement

N = 158.*p < 0.05,*p < 0.01.

2.

0.475%*

3.

0.472%*
0.632**

4.

—-0.212**
-0.163*
217

-0.94
0.047
-0.015
-0.128






