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Lay Summary
Language impairment and learning disability affect 45% of the autistic population yet the factors that may be contributing to them is remarkably under-researched. To date there are no explanations of the lexical semantic (word meaning) abnormalities observed in ASD. We found that declarative memory is associated with lexical semantic knowledge in autism and learning disability but not in typical development. Difficulties with declarative memory may also be compensated for using visual-perceptual abilities by autistic and learning-disabled adolescents which has positive implications for educationalists.

Abstract
Two experiments tested the hypothesis that a plausible contributory factor of structural language impairment in Autism Spectrum Disorder (ASD) is impaired declarative memory. We hypothesised that familiarity and recollection (subserving semantic and episodic memory, respectively) are both impaired in autistic individuals with clinically significant language impairment and learning disability (ASDLI/LD); whereas recollection is selectively impaired in autistic individuals with typical language (ASDTL). Teenagers with ASDLI/LD (n = 19) and primary school age children with ASDTL (n = 26) were compared with teenagers with learning disability (LD) (n = 26) without autism, and primary school aged typically developing (TD) children (n = 32).  Both experiments provided strong support for the hypothesised links between declarative memory processes and lexical-semantic facets of language in the two autistic groups, but not in the TD group. Additional findings of interest were that declarative memory processes and lexical-semantic knowledge were also linked in the LD group and that the ASD groups –and to a lesser extent the LD group – may have compensated for declarative memory impairments using spared visual-perceptual abilities, a finding with potential educational implications. Relative difficulties with familiarity and recollection in ASDLI/LD and LD may help explain structural language impairment, as investigated here, but also the broader learning disabilities found in these populations.
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Introduction
Approximately 45% of individuals with Autism Spectrum Disorder (ASD) have significant language impairments (LI) or learning disability (LD) in addition to their clinically defining social communication impairments and repetitive behaviours (Baird et al., 2006; Charman et al., 2011). Around 30% remain minimally verbal even following targeted interventions (Tager-Flusberg & Kasari, 2013). The causes of LI and LD in autism have been little researched and are poorly understood. The two experiments reported here tested the hypothesis that a correlate of LI in people with what we refer to as ASDLI/LD, is impaired declarative memory.  
	Reviews of language development in ASD (Rapin et al., 2009; Eigsti et al., 2011; Kelley, 2011; Boucher, 2012; Kim et al., 2014) indicate that despite considerable inter-individual heterogeneity, ASDLI/LD is most commonly characterized by a profile of linguistic strengths and weaknesses that emerges from age 7;0 – 8;0 years and persists into adulthood. Key features of this profile are that speech (phonology and articulation) and grammar (syntax and morphosyntax) are mental-age appropriate; whereas lexical semantics, comprising vocabulary and meaning, is characterised by impaired comprehension and a narrowed, denotative, and sometimes idiosyncratic use of meanings of words and phrases in expressive language. Although autistic individuals with typical language (hereafter ASDTL) have no clinically significant language impairments, their language is nevertheless also often described as ‘idiosyncratic’ and ‘pedantic’ (Asperger, 1994, translated in Frith, 1991; Tantam, 1988; Volden & Lord, 1991; Mayes & Calhoun, 2001) and there are differences in how individuals relate word meanings to one another to constitute higher-order concepts (Bowler, Matthews & Gardiner, 1997; Minshew, Meyer & Goldstein, 2002; Dunn & Bates, 2005; Bowler, Gaigg & Gardiner, 2008). These characteristic abnormalities in lexical semantics appear to be unique to autism: specific language impairment (SLI) is predominantly characterized by grammatical and phonological abnormalities (Williams, Botting & Boucher, 2008; Leonard, 2014); and language impairments in individuals with LD without autism tend to be global (Dockrell et al., 2012a; Dockrell et al.,2012b). It is noteworthy, however, that both SLI and also LD of socio-cultural or syndromic origin can co-occur with ASD, complicating the linguistic profile in a minority of cases (Boucher, 2012).   
	Attempts to explain LI in autism focused initially on co-morbid SLI (Bartak et al., 1975, 1977; Cantwell, Baker & Rutter, 1978) and later on the role of impaired ’theory of mind’ (Bloom, 2000). Co-morbid SLI is undoubtedly a contributory factor in a minority of cases and it is equally uncontroversial that diminished socio-cognitive abilities will have some specific effects on language acquisition. As noted by Bloom, however, these hypotheses cannot individually or jointly explain the syndrome-specific profile of significant lexical-semantic abnormalities observed in ASDLI/LD.  This argument led Mayes and Boucher (2008) to propose impaired declarative memory as an additional and critical explanation of LI and LD in what was then termed ‘lower-functioning autism’. This hypothesis was based on the dual-systems model of language acquisition as proposed by Chomsky (1965) and Pinker (1994), and later argued for by Ullman (2001). According to this model, declarative memory is critically involved in the acquisition of a ‘mental lexicon’ whereas non-declarative memory is critically involved in the acquisition of a ‘mental grammar’.  
	Declarative memory encompasses two partially distinct processes – recollection and familiarity (Aggleton & Brown, 1999; Yonelinas et al., 2005; Migo et al., 2009). ’Recollection’ is the process of remembering past experiences including rich contextual detail (where, when, how etc.), whereas ‘familiarity’ describes the feeling of having experienced a stimulus before without necessarily recalling any contextual information. Mayes and Boucher (2008; see also Boucher & Mayes, 2011; Boucher, 2012; Boucher & Anns, 2018) argued that evidence of selectively impaired recollection in ASDTL (BenShalom, 2003; Bowler, Gaigg, & Lind, 2011; Boucher, Mayes & Bigham, 2012; Bigham, Boucher, Mayes & Anns, 2010; Cooper & Simons, 2018) is consistent with the mild lexical-semantic anomalies noted by Asperger and others; whereas more pervasive declarative memory impairments in ASDLI/LD affecting both recollection and familiarity could explain the increasingly severe lexical-semantic impairments in this group.  It was further argued that the substantial body of evidence indicating mental-age appropriate procedural memory across the spectrum (Foti et al., 2015; Obeid et al., 2016; Clark & Lum, 2017) is consistent with evidence of mental-age-appropriate phonology and grammar across the spectrum (Boucher & Anns, 2018). 
A preliminary test of the impaired declarative memory hypothesis confirmed that recognition memory was indeed associated with measures of lexical semantics in autism.  However, the ASD groups performed more similarly than expected (Boucher, Bigham, Mayes & Muskett, 2008).  In addition, the recognition memory test used was not designed to distinguish between the unique contributions of recollection and familiarity to performance. The aim of the experiments reported here was to extend this earlier work by assessing both recollection and familiarity in groups of participants with ASDTL and with ASDLI/LD, predicting that the results would show the following:

1) 	(a) impairments in ASDLI/LD teenagers on tests of familiarity and recollection relative to primary-school-aged TD children; and (b) relative to teenagers with LD (following Ni Chuileann & Quigley, 2013).
2) 	impairments in ASDTL children relative to TD children only on tests of recollection, demonstrating superior familiarity compared to teenagers with ASDLI/LD.
3) 	familiarity and recollection scores will correlate with measures of lexical-semantic knowledge in the ASDLI/LD and ASDTL groups but not the TD or LD groups.

Experiment 1 – Shape Recognition and Action Recall
Method
Participants
Four participant groups were recruited from mainstream and specialist schools/units in southern England: 19 ASDLI/LD teenagers; 26 primary school age ASDTL children; 32 primary school age TD children, and 26 LD teenagers. Participants in the two ASD groups had confirmation of their diagnosis in their Statements of Special Educational Needs (SSENs). SSENs of children in the LD group were reviewed to confirm no mention of autism and that learning disability was named as their core difficulty. Children in the TD group were described by their teachers as having ‘no significant difficulties’. The two teenage groups (ASDLI/LD and LD) were matched for age and VIQ as assessed by the Wechsler Abbreviated Scale of Intelligence (WASI, Wechsler, 1999), with maximum VIQ of 75. The two younger groups (ASDTL and TD) were also matched for age and VIQ, with minimum VIQ of 90. Mean verbal ages for all four groups were between 9.0 and 10.0 years. Non-verbal IQ (NVIQ) was assessed using Raven’s Coloured Progressive Matrices (CPM; Raven et al., 1998), and visual-perceptual ability was assessed by the Children’s Embedded Figures Test (CEFT; Witkin et al.,1971). Summary statistics are shown in Table 1.

(Table 1 about here)


Ethical Considerations
Parental consent was obtained for all participants in both experiments and the participants’ assent was confirmed throughout the session. No participant declined at any point and study methods were approved by City, University of London’s Senate Ethics Committee.

Materials
For the shape recognition (SR) task, all shape materials were identical to those described in a pilot study by Bigham et al. (2010, experiment 2) and stimulus examples are shown in Figure 1 (a). For the action recall (AR) task, stimuli were identical to Bigham et al., (2010, experiment 3), although 3 hand actions were altered to be more stimulus directed to ensure cued- recall; examples are shown in Figure 1 (b). 


(Figure 1 about here)


In line with Bigham et al., the Pyramids and Palm Trees Test (PPT) (Howard & Patterson, 1992) was used as a measure of lexical semantic knowledge. The PPT is a 40-item forced-choice test that asks participants to point out which of two pictures relates most closely to a target picture. Since it requires no overt language it is considered a relatively pure measure of conceptual semantic processing.

Procedure
All procedures for the shape recognition (SR) and action recall (AR) tasks strictly followed those described in Bigham et al. (2010). Very briefly, for SR, 16 shapes were presented one-by-one at a rate of 3 seconds per picture before presenting a four-alternative-forced choice recognition test in which children were asked to point out the pictures they had just seen. For AR 10 shapes were presented with accompanying hand gestures that children were subsequently asked to reproduce when cued with the shapes (the procedure ensured that shape memory here was at ceiling for all children). 

Results 
Figure 2 shows average proportions of correct responses for the two memory tests in both participant groups. In line with prediction 1(a), the ASDLI/LD group performed worse than the TD group on shape recognition (SR) (t = 2.82; df = 49; p = 0.007; Cohen’s d = 0.78) and on action recall (AR) (t = 2.38; df = 49; p = 0.021; Cohen’s d = .64). Contrary to prediction 1(b), however, differences between ASDLI/LD and LD groups were not significant (SR: t = 1.37; df = 43; p = 0.178; Cohen’s d = 0.41; AR: t = 0.46; df = 43; p = 0.645; Cohen’s d = 0.14). 

(Figure 2 about here)

Prediction 2 was not confirmed in that there was no difference between the ASDTL and TD groups on the action recall (AR) task (t = 1.08; df = 56; p = 0.283; Cohen’s d = 0.25). Instead, the ASDTL group performed worse than the TD group on shape recognition (SR) (t = 2.02; df = 56; p = 0.048; Cohen’s d = 0.57), indicating impaired familiarity. Moreover, although the ASDTL group scored higher than the ASDLI/LD group on SR, as predicted, the difference was not significant (t = 0.66; df = 43; p = 0.510; Cohen’s d = 0.21). 
For prediction 3, Figure 3 illustrates and Table 2 summarises the correlations between the SR/AR measures and the PPT measure of lexical semantic knowledge. The pattern of results was generally as predicted. Performance on both memory tests correlated positively with the PPT in the two ASD groups but not the TD group although the association between AR and PPT in the ASDLI/LD group was not quite significant (r(19) = 0.42; p = .071). Unexpectedly, PPT also correlated with SR in the LD group although AR did not. 
 (Figure 3 about here)
As Table 2 indicates, visual-perceptual ability (measured by the CEFT), and fluid intelligence (Ravens CPM score) consistently correlated with shape recognition (SR) in all groups except TD. To identify any unique contribution of familiarity to lexical semantics across the autism spectrum, a multiple regression was carried out with PPT as the dependent variable and SR, CEFT and CPM as predictors. For the combined ASD group, the resulting model was significant (F(3,41) = 6.06; p = .002) with an R2 of 0.31, and only SR (β = 0.35; t = 1.97; p = 0.055) as a reliable predictor. Neither CEFT (β = 0.22; t = 1.21; p = 0.235) nor CPM (β = 0.05; t = .31; p = 0.755) were independent predictors. By contrast, the same analysis in the combined TD and LD group yielded a significant model (F(3,54) = 12.20; p < 001) with an R2 of .40 but, here CEFT (β = 0.30; t = 1.99; p = 0.051) and CPM (β = 0.30; t = 1.93; p = 0.059) rather than SR (β = 0.14; t = 1.11; p = 0.274) were the most significant predictors.
(Table 2 about here)

Summary and Discussion of Experiment 1
Experiment 1 employed a shape-recognition (SR)/action recall (AR) paradigm previously piloted by Bigham et al., (2010) to tease apart familiarity and recollection components of declarative memory, and to examine their role in lexical semantic language function in ASD. In line with predictions, ASDLI/LD teenagers were relatively impaired to TD children on measures of familiarity and recollection. Contrary to the prediction, however, they were not impaired relative to LD teenagers.  Unexpectedly, the ASDTL group were impaired on the SR measure of familiarity rather than on the AR measure of recollection, contradicting much of the existing literature. Nonetheless, SR performance was the major predictor of PPT in the combined ASD groups, whereas in the non-autistic groups visual-perceptual skills (CEFT) and fluid intelligence (CPM) were the strongest predictors of PPT. Experiment 2 extended these findings to another paradigm that employs more closely matched procedures to assess familiarity and recollection.

Experiment 2 – Forced Choice Recognition in Two Contrasting Conditions
This experiment was based on Migo et al. (2009; 2013), who showed that the specific conditions under which forced choice recognition decisions are made dictate to what extent familiarity and recollection contribute to retrieval success. In a ‘forced choice corresponding’ (FCC) condition, foils used at test differ from target stimuli only in visual detail (e.g., a target apple needs to be discriminated from 3 foil apples). Performance in this condition depends disproportionately on familiarity because there is little unique contextual detail that could help discriminate the target from the foils on the basis of recollection; one item, however, would look more familiar than the others. By contrast in a ‘forced choice non-corresponding’ (FCNC) condition, the foils used at test closely resemble three of the target stimuli presented on other trials (e.g., a target apple needs to be discriminated from a shoe, guitar and aeroplane that are similar to items that had been studied). Performance here depends disproportionately on recollection because, without a direct contrast of the different exemplars of the same object (i.e., the four apples), each of the test items will appear similarly familiar. The FCNC task of recollection is therefore considered to be relatively more difficult than the familiarity task of FCC.

Method
Participants 
Eighteen ASDLI/LD teenagers, 26 primary school age ASDTL children, 24 primary school age TD children, and 23 LD teenagers took part in this experiment. All but one of the participants (in the LD group) also participated in Experiment 1 and were tested on the additional Experiment 2 tasks within one month. Groups in Experiment 2 were slightly smaller than in the previous experiment, because not all those previously tested were available at the later date. Inclusion criteria were the same as those reported for Experiment 1 and summary descriptive statistics for participant groups are shown in Table 3. 

(Table 3 about here)

Materials
Stimuli used in both the ‘forced choice corresponding’ (FCC) and the ‘forced choice non-corresponding’ (FCNC) conditions were taken from the picture sets used by Migo et al., (2013) with adults. Twenty-eight of Migo et al.’s sets – 14 for use in the FCC condition, 14 for use in the FCNC condition - were selected on the basis of their appropriateness for use with young children and learning-disabled teenagers. In each condition, twelve sets were used as test material, and two sets were used for practice. Each picture set consisted of a target stimulus to be shown at study, and a quartet consisting of the target stimulus and three foils to be used at test. In the FCC (familiarity) condition, the 3 foils were representations of the same everyday object as the target stimulus but differing in minor details (see Figure 4). In the FCNC (recollection) condition, the foils were representations of three of the everyday objects that had appeared as target stimuli on other FCNC trials but differing from the originals in certain details (see Figure 4). In the study phases, target stimuli measuring 40 x 40mm were presented individually in the centre of a 15-inch screen on a white background. In the test phases, target and foil items measuring 40mm each were presented as a 2 x 2 grid centre screen on a white background. Within the grid, the position of the target was randomised across trials with the constraint that it would appear equally often in each of the four possible locations. A pack of playing cards was used for a ‘filler task’ (see below). Pre-prepared score sheets were used to record responses and the Pyramids and Palm Trees Test (PPT) was again used as the measure of lexical semantic knowledge.

(Figure 4 about here)
		 
Pilot testing with learning disabled children not included as participants in this study indicated the need to familiarise participants with the procedures over and above the two practice trials immediately preceding experimental testing in each condition. We wanted to ensure that participants understood that their memory would be tested in two different ways, so that any incorrect responses would not simply reflect a participant’s uncertainty as to what was expected of them. Two sets of supplementary material were therefore prepared, to be used in an introductory training phase for each condition, in which 3 laminated A4 cards with coloured pictures of a single item (such as a bird or a shirt) constituted the to-be-remembered target stimuli and laminated test cards were prepared as described above. 



Procedure  
Participants were assessed individually over two sessions on different days in a quiet room in their school. Each session lasted 20-30 minutes. In each of the two sessions, recognition was assessed in one of the experimental conditions (FCC or FCNC), preceded by the appropriate training/practice stage. The order of conditions across the testing sessions was counterbalanced across participants.
	In the training phase, participants were told that they would be given some memory tests, preceded by practice. The training coloured picture-cards were presented singly with the instruction to look carefully at the picture and try to remember it. After a short interval during which the Tester explained that they were going to see how many of the pictures the child could remember, the relevant test cards were presented one at a time, with the request to point to the picture they had just seen. Help was given if necessary, and the Tester commented on why that was the correct picture to point to, whereas pointing to any of the foils would have been incorrect. None of the participants had difficulty with this stage.
	 The study phase for each recognition test consisted of two successive presentations of each target stimulus.  On the first presentation (Study Phase 1) pictures of the 12 target stimuli were presented for 3 seconds one by one in a pre-determined order followed by the question ‘Could you eat that?’ Participants were instructed to answer ‘yes’ or ‘no’. This was done to ensure that attention was paid to each target stimulus. On the second presentation (Study Phase 2) stimuli were presented one by one in the same order as previously, and for 3 seconds each, but without the attention-directing question. In Study Phase 2, participants were instructed to look at each picture carefully, because their memory would be tested later. 
	In the filler task which immediately followed the study phase, the pack of playing cards was introduced, and children were encouraged to play a game of ‘Snap’ with the Tester for a timed interval of 5 minutes. In the test phase which immediately followed the filler task, participants were presented with the 12 test quartets for that experimental condition, one at a time in a predetermined different order to presentation and were instructed to point to the picture that they had seen before. If the participant failed to respond, they were encouraged to ‘Have a guess’. Testing did not proceed until a response had been made.  

Results
Figure 5 shows the mean performance on the two memory tests for each group. 
(Figure 5 about here)
Unlike in Experiment 1, where the ASDLI/LD group showed the expected reduced performance on measures of familiarity and recollection in comparison to the TD but not the LD group, performance by the ASDLI/LD group in the current experiment was only compromised vis-à-vis the TD group on the ‘forced choice non-corresponding’ (FCNC) measure of recollection (t = 2.45; df = 40; p = 0.019; Cohen’s d = 0.76). On the ‘forced choice corresponding’ (FCC) measure of familiarity, they actually tended to perform better than TD participants (t = 1.74; df = 40; p = 0.090; Cohen’s d = 0.53). Compared to the LD group, ASDLI/LD children also performed significantly higher on the familiarity measure (t = 2.96; df = 39; p = 0.005; Cohen’s d = 0.93) and marginally also on the recollection measure (t = 1.77; df = 39; p = 0.085; Cohen’s d = 0.55). Thus, instead of showing diminished familiarity and recollection, ASDLI/LD children demonstrated the kind of circumscribed recollection difficulty in this experiment that we predicted for the ASDTL group. If anything, familiarity appeared to be an area of strength for this group.
	The second prediction, that ASDTL participants would demonstrate selective difficulties in recollection as compared to the TD group, was confirmed with nearly identical performance between these groups on the FCC measure of familiarity (t = 0.01; df = 48; p = 0.996; Cohen’s d = 0.00) but significantly lower performance by the ASDTL group on the FCNC measure of recollection (t = 2.36; df = 48; p = 0.022; Cohen’s d = 0.67).
	As for Experiment 1, the final set of analyses examined the associations between the memory tests and the PPT test of lexical semantic knowledge, along with other relevant measures (VIQ, Ravens (CPM) and CEFT (visual-perceptual ability)). Table 4 summarises, and Figure 6 illustrates, the relevant bivariate correlations between the measures of familiarity (FCC) / recollection (FCNC) and PPT which are of most interest within each participant group. Consistent with predictions and with the observations of Experiment 1, both memory measures correlated significantly with the PPT in the two ASD groups, whereas no such correlations were observed in the TD group.  However, the familiarity measure (FCC) but not the recollection measure (FCNC) was associated with PPT in the LD group.

(Figure 6 about here)

Inspection of Table 4 shows that fluid intelligence (CPM) and visual-perceptual skills (CEFT) correlated with memory performance, particularly familiarity. Consequently, multiple regression was carried out with PPT as the dependent variable and FCC (familiarity), CEFT and CPM as predictors. The results in the combined ASD group, replicated the findings of Experiment 1 with an overall significant model (F(3,40) = 8.12; p < .001 R2 = 0.38) in which only the FCC measure of familiarity (β = 0.62; t = 3.56; p = 0.001) but not CEFT (β = 0.01; t = 0.04; p = 0.971) or CPM (β = -0.02; t = 0.15; p = 0.884) was a reliable predictor of PPT. By contrast, and as in Experiment 1, the combined TD and LD group yielded a significant model (F(3,43) = 5.18; p = .004; R2 = .26) in which CEFT was the most reliable predictor of PPT (β = 0.32; t = 1.88; p = 0.067) rather than FCC (β = 0.05; t = 0.34; p = 0.734). However, in this experiment, CPM was not a major predictor of PPT in the combined non-autistic groups. (β = 0.21; t = 1.23; p = 0.226). 

(Table 4 about here)


General Discussion
Two experiments tested predictions concerning the role of declarative memory in the lexical semantic language anomalies co-occurring with ASD. We predicted that ASDLI/LD children would be impaired on measures of both familiarity and recollection vis-a-vis TD children (prediction 1a), and also vis-à-vis teenagers with LD (prediction 1b); whereas ASDTL children would demonstrate impairments only on measures of recollection when compared with TD children (prediction 2). Most importantly, the memory difficulties predicted for the ASD group were expected to correlate reliably with their lexical semantic abilities, as assessed by the PPT, whereas no such associations were predicted for TD or LD children (prediction 3). 
Regarding prediction (1a), the two experiments yielded conflicting results. In Experiment 1 the ASDLI/LD group performed worse than the TD group on the measures of familiarity and recollection, as predicted. By contrast, in Experiment 2 the ASDLI/LD group was impaired on recollection but not familiarity, where they tended to outperform the TD group. This discrepancy is surprising considering that the measures of familiarity in the two experiments both required participants to discriminate a previously studied stimulus from 3 foils. However, in both experiments the measures of familiarity correlated highly with the measure of visual-perceptual skills (CEFT) in the ASDLILD group, which was not the case for the TD group (see Tables 2 and 4). This suggests that the ASDLILD group, but not the TD group, relied heavily on their visual-perceptual abilities to tackle the task demands. Such reliance on visual-perceptual skills would confer a particular advantage in the FCC familiarity test of Experiment 2 but not in the SR familiarity test of Experiment 1, because in the SR condition target and foils on any trial were abstract shapes that did not closely resemble each other (see Figure 1), whereas in the FCC condition target and foils on any trial were pictures of the same common object differing only in some small detail (see Figure 4). The enhanced discrimination abilities of autistic individuals are well known (Plaisted et al., 1998; Mottron et al., 2006), and can explain the unexpectedly good performance of the ASDLILD group on the FCC task. Regarding prediction (1a) it may be concluded, therefore, that familiarity is probably impaired in ASDLILD but is masked in circumstances where superior visual-perceptual abilities can be used compensatorily.  
Regarding prediction (1b), this was not supported. Both groups showed similar performance on tests of familiarity and of recollection in Experiment 1. And in Experiment 2, the ASDLI/LD group performed significantly better – not worse - than the LD group on the familiarity measure, (probably because their enhanced visual-perceptual abilities boosted performance). Furthermore, the ASDLI/LD group performed marginally better than the LD group on the recollection measure. These findings are interesting because they suggest that LI in ASDLI/LD and in LD without autism may share a contributory cause, namely impairments of declarative memory.
Performance by the LD group partly resembled performance by both ASD groups in that CEFT and familiarity scores correlated significantly in both experiments. However, as the LD group scored significantly lower on CEFT than all other groups it is more likely that they are unable to rely on visual-perceptual abilities to compensate for impaired familiarity which shows a different pattern of learning to the ASD groups. By contrast, the TD group - whose performance on tests of familiarity did not correlate with CEFT scores - performed significantly worse on FCC than on shape recognition[footnoteRef:1].  [1:  The relevant pair-wise comparisons of individuals who participated in both experiments are as follows: ASDLI/LD (t = 1.13; df = 17; p = .273; Cohen’s d = .28 ); ASDTL (t = 0.92; df = 25; p = .367; Cohen’s d = .10);  LD  (t = 0.58; df = 22; p = .596; Cohen’s d = .12); TD (t = 3.08; df = 23; p = .005; Cohen’s d = .71);] 

Regarding prediction 2, the findings across both experiments were inconsistent. Whilst in Experiment 2 the ASDTL group performed worse than the TD group on the FCNC measure of recollection, as predicted; in Experiment 1 the groups did not differ on the action recall measure of recollection.  Instead the ASDTL group performed worse than the TD group on the shape recognition measure of familiarity. The unexpectedly competent performance by the ASDTL group on the AR test of recollection is difficult to explain, given the very well-established problems with episodic memory and recollection in ASDTL.  A likely explanation is, however, that well-preserved implicit memory (see Boucher & Anns, 2018) that subserves inter alia the acquisition of associations, was utilized instead of explicit recollection. 
The unexpectedly poor performance by the ASDTL group on the SR test of familiarity similarly conflicts with unassailable evidence of intact semantic memory in this group, and by implication with familiarity. The likely explanation of this anomalous finding lies in the dissimilarity between the target and foil shapes used in the SR test. The lack of close resemblance has two relevant consequences. First, enhanced visual-perceptual processing cannot be used to the same extent to boost performance as seen in FCC. Second, the dissimilarity between the target shape and foils leaves open the possibility that recollection (of the study event and of the target stimulus presented therein) was utilized by the TD group – but not, in line with our hypothesis, by the ASDTL group. Both of these proposed explanations of unexpected findings relating to the ASDTL group would have to be tested.   
Regarding prediction 3, the predicted contrast between correlations in the two ASD groups when compared with the TD group was supported in both experiments. Both bivariate correlations and multiple regressions confirmed that individual differences in measures of familiarity were reliably and uniquely associated with lexical semantic knowledge in both ASD groups, which was not the case in TD children. This lends strong support to Boucher et al.’s hypothesis that impaired declarative memory and especially semantic memory is a contributory factor of LI in ASDLILD. 
However, contrary to that prediction, familiarity also correlated with lexical semantic knowledge in the LD group in both experiments, albeit not as strongly as in the two ASD groups.  Moreover, the pattern of performance in the ASDLI/LD and LD groups was similar in terms of the group differences vis-à-vis the TD group, as well as in terms of some facets of the inter-correlations among measures. These observations suggest that impairments in certain memory domains (particularly familiarity/semantic memory), contribute to LI in people with LD without autism, as well as in people with ASDLILD. Moreover, our finding that relatively spared visual-perceptual abilities were used by our LD participants as well as by our ASD participants to compensate for impaired familiarity has practical implications for educational strategies, as in the case of autism.
	The demonstration of impaired declarative memory in people with LD without autism has potentially important implications for understanding not only the wider learning impairments in people with LD, but also for understanding why LI and LD are so commonly linked when co-occurring with ASD.  Briefly: semantic memory, and by implication familiarity, is critically involved in the acquisition of decontextualised factual knowledge of all kinds – i.e. in crystallized intelligence (Cattell, 1971).  The impairments of declarative memory in both the ASD-LI/LD and the LD groups, as reported here, may thus help to explain the wider learning disabilities in these two groups which are relevant for educational and interventional practices (as argued by Mayes & Boucher, 2008). 

Conclusions
The experiments reported here confirm the predicted link between declarative memory processes and lexical semantic knowledge in people with ASD, a link that does not occur in individuals with typical development. Moreover, although the predicted differences between the ASDLILD and the ASDTL groups on tests of familiarity and recollection were not unambiguously demonstrated, familiarity and lexical-semantic knowledge were particularly strongly associated in the ASDLILD group, whereas in the ASDTL group, recollection was more strongly associated with lexical semantic knowledge than was familiarity. Further confirmation of these group differences on familiarity and recollection would strengthen this research by replicating the existing shape recognition – action recall paradigm and inventing novel non-verbal experimental paradigms. Additional tests of structural language would also paint a richer picture of language outcome to be tested in both ASD and LD populations. As per Boucher & Anns (2018) further work should investigate the potential See-Saw effect between declarative and procedural memory in ASD as well as LD. This has potential for educationalists to target children’s learning by capitalising on their abilities.
	An unpredicted finding of particular interest was the demonstration of a link between declarative memory and lexical semantic knowledge in the learning-disabled group. This finding should be further investigated, preferably in research in which LD participants constitute the target group, rather than acting as a control/comparison group in investigations of ASD.  
	A further unpredicted finding concerns the extent to which the ASD used enhanced or relatively spared visual-perceptual abilities to compensate for their impaired declarative memory. This observation has positive practical implications for educationalists and future work should explicitly address this potential compensatory ability in autistic populations.  However, for researchers it underlines the very considerable difficulties of devising tests of declarative memory that are suitable for use with learning disabled or young children but also yield clear-cut findings.  
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Figure 1: An example of a single target study item (a) and a target plus 3 foils ‘quartet’ shown at test (SR); and (b) shows a child recalling the ‘karate chop’action cued from the blue shape on the card (AR).
												
[image: ]		[image: 100_1358]
a) Shape Recognition (SR)				b) Action Recall (AR)



Figure 2: Average proportion of correct responses for Shape Recognition and Action Recall Tests as a function of group. Error bars represent +/- 1 SE.





Figure 3: Bivariate correlations between Shape Recognition/Action Recall and the Pyramids and Palm trees Test (PPT) as a function of group. For ease of reference, ASD and non-ASD groups are plotted separately.
[image: ]

 Figure 4: FCC and FCNC materials showing 3 out of 12 items and the order of the experimental procedure

FCC Condition						FCNC Condition
1st Study Phase: 						1st Study Phase:
[image: HP USB FD:Sophie:EXPT FCC:FCC east phase.jpg]				[image: HP USB FD:Sophie:EXPT FCC:FCNC Eat Phase.jpg]
2nd Study Phase: 						2nd Study Phase:
[image: HP USB FD:Sophie:EXPT FCC:FCC study phase.jpg]				[image: HP USB FD:Sophie:EXPT FCC:FCNC Study Phase.jpg]
5-minute filler task					5-minute filler task
Test Phase:						Test Phase:
[image: HP USB FD:Sophie:EXPT FCC:FCC test phase.jpg]				[image: HP USB FD:Sophie:EXPT FCC:FCNC test Phase.jpg]


Figure 5: Average proportion of correct responses for FCC and FCNC Tests as a function of group. Error bars represent +/- 1 SE.



Figure 6: Bivariate correlations between FCC / FCNC and the Pyramids and Palm trees Test (PPT) as a function of group. For ease of reference, ASD and non-ASD groups are plotted separately.
[image: ]

Table 1: Descriptive statistics for the four participant groups in Experiment 1.
		
	ASDLI/LD (N = 19)
	ASDTL (N = 26)
	TD  (N = 32)
	LD  (N = 26)

	
	M (SD)
	Range
	M (SD)
	Range
	M (SD)
	Range
	M (SD)
	Range

	Age (mths)
	181 (22)
	123-218
	109 (16)
	75-136
	99 (9)
	81-114
	176 (22)
	136-214

	VIQa
	65 (6)
	55-75
	105 (12)
	91-135
	110 (11)
	90-142
	62 (5)
	55-74

	CPMb
	26 (8)
	7-36
	24 (8)
	8-36
	25 (6)
	10-36
	17* (7)
	6-27

	CEFTc
	16 (6)
	3-24
	15 (6)
	5-25
	15 (5)
	7-24
	8* (4)
	1-17





a Verbal IQ as measured by the WASI Vocabulary and Similarities subtests.
b Raven’s Coloured Progressive Matrices; Scores range from 0 – 36
c Children’s Embedded Figures Test; Scores range from 0 – 25
* Mean for LD was significantly lower than for the other groups

Table 2: Correlates of familiarity (shape recognition) and recollection (action recall) in each of the four participant groups.

	Group
	Test
	Rec.
	VIQ
	CPM
	PPT
	CEFT

	ASDLI/LD
	Familiarity
	.488*
	.274
	.717**
	.674**
	.704**

	
	Recollection
	
	.229
	.139
	.423
	.166

	ASDTL
	Familiarity
	.420*
	.317
	.476*
	.442*
	.642**

	
	Recollection
	
	.191
	.179
	.516**
	.608**

	LD
	Familiarity
	.476*
	.438*
	.529**
	.418*
	.523**

	
	Recollection
	
	.593**
	.456*
	.166
	.215

	TD
	Familiarity
	.190
	-.020
	-.019
	.008
	-.086

	 
	Recollection
	 
	-.202
	.103
	.121
	.118

	*. Correlation is significant at the 0.05 level (2-tailed).

	**. Correlation is significant at the 0.01 level (2-tailed).




Table 3: Descriptive statistics for the four participant groups in Experiment 2.
		
	ASDLI/LD (N = 18)
	ASDTL (N = 26)
	TD (N = 24)
	LD (N = 23)

	
	M (SD)
	Range
	M (SD)
	Range
	M (SD)
	Range
	M (SD)
	Range

	Age (mths)
	180 (26)
	123-218
	109 (16)
	75-136
	98 (11)
	81-114
	175 (22)
	136-213

	VIQa
	65 (6)
	55-75
	105 (12)
	91-135
	107 (7)
	95-119
	62 (5)
	55-74

	CPMb
	28 (5)
	16-36
	24 (8)
	8-36
	23 (4)
	10-28
	18* (7)
	6-27

	CEFTc
	17 (6)
	3-24
	15 (6)
	5-25
	15 (5)
	7-23
	9* (5)
	1-17





a Verbal IQ as measured by the WASI Vocabulary and Similarities subtests.
b Raven’s Coloured Progressive Matrices; Scores range from 0 – 36
c Children’s Embedded Figures Test; Scores range from 0 – 25
* Mean for LD was significantly lower than for the other groups


Table 4: Correlates of familiarity (FCC) and recollection (FCNC) in each of the four participant groups.
	Group
	Test
	Rec.
	VIQ
	CPM
	PPT
	CEFT

	ASDLILD
	Familiarity
	.635**
	.112
	.526*
	.627**
	.747**

	
	Recollection
	
	.173
	.369
	.469*
	.565*

	ASDTL
	Familiarity
	.363
	.262
	.377
	.601**
	.652**

	
	Recollection
	
	.305
	.301
	.643**
	.358

	LD
	Familiarity
	.212
	.358
	.501*
	.430*
	.563**

	
	Recollection
	
	.400
	.125
	.157
	.439*

	TD
	Familiarity
	-.162
	-.305
	.256
	-.074
	.161

	 
	Recollection
	 
	.025
	-.151
	.371
	.020

	*. Correlation is significant at the 0.05 level (2-tailed).

	**. Correlation is significant at the 0.01 level (2-tailed).



ASD TL	3.9792732231671804E-2	4.6246637491713434E-2	3.9792732231671804E-2	4.6246637491713434E-2	Shape Recognition	 Action Recall	0.73500000000000165	0.62653846153846204	ASD-LI/LD	3.6193424991227199E-2	5.3728085323196034E-2	3.6193424991227199E-2	5.3728085323196034E-2	Shape Recognition	 Action Recall	0.69421052631579427	0.54105263157894701	TD	2.9551379386902252E-2	2.8699627855658001E-2	2.9551379386902252E-2	2.8699627855658001E-2	0.82423076923075644	0.66923076923076896	LD	3.6305084652120588E-2	4.2992843769453185E-2	3.6305084652120588E-2	4.2992843769453185E-2	0.61846153846153895	0.57500000000000095	
Proportion Correct



ASD TL	3.8940707469496016E-2	4.0843256452358701E-2	3.8940707469496016E-2	4.0843256452358701E-2	FCC (familiarity)	FCNC (recollection)	0.70538461538461605	0.43269230769230832	ASD-LI/LD	3.632934789328001E-2	3.8690382543436604E-2	3.632934789328001E-2	3.8690382543436604E-2	FCC (familiarity)	FCNC (recollection)	0.7972222222222215	0.42166666666667502	TD	3.0638754504580801E-2	3.2436800741804113E-2	3.0638754504580801E-2	3.2436800741804113E-2	FCC (familiarity)	FCNC (recollection)	0.70375000000000165	0.55916666666666659	LD	3.35692221021704E-2	4.08229050580571E-2	3.35692221021704E-2	4.08229050580571E-2	FCC (familiarity)	FCNC (recollection)	0.63086956521739102	0.30739130434783402	
Proportion Correct
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