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The hippocampus is involved in many cognitive domains which are difficult for autistic individuals. Our previous study
using a Structural Learning task that has been shown to depend on hippocampal functioning found that structural learning
is diminished in autistic adults (Ring et al., 2017). The aim of the present study was to examine whether those results can
be replicated in and extended to a sample of autistic and non-autistic children. We tested 43 autistic children and 38 non-
autistic children with a subsample of 25 autistic and 28 non-autistic children who were well-matched on IQ. The children
took part in a Simple Discrimination task which a simpler form of compound learning, and a Structural Learning task.
We expected both groups to perform similarly in Simple Discrimination but reduced performance by the autism group on
the Structural Learning task, which is what we found in both the well-matched and the non-matched sample. However,
contrary to our prediction and the findings from autistic adults in our previous study, autistic children demonstrated a
capacity for Structural Learning and showed an overall better performance in the tasks than was seen in earlier studies.
We discuss developmental differences in autism as well as the role of executive functions that may have contributed to
better than predicted task performance in this study.

Keywords Autism - Children - Hippocampus - Structural and configural learning - Executive functions

Worldwide, about 1% of children meet criteria for an
Autism Spectrum Disorder (ASD) (Zeidan et al., 2022). In
addition to the core features, ASD is associated with dif-
ficulties in behavioral and cognitive domains, such as spa-
tial memory and spatial navigation (Li et al., 2021; Lind et
al., 2014; Vogan et al., 2019; Zhang et al., 2020), learning
(Marsh et al., 2013; Mayes & Calhoun, 2007; O’Brien &
Pearson, 2004), episodic memory and episodic future think-
ing (Desaunay et al., 2020; Lind et al., 2013, 2014; Marini
et al., 2019; Naito et al., 2020). In an attempt to characterize
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the autistic clinical picture at a neural level, research-
ers such as Boucher and Warrington (1976), Bowler et al.
(2011), DeLong (1992) and Waterhouse et al. (1996) have
advocated hippocampal functioning as a possible underly-
ing mechanism. Other researchers outside the autism field
have implicated hippocampal and medial temporal lobe pro-
cesses in learning, memory, navigation (O’Keefe & Nadel,
1978; Rudy & Sutherland, 1995; Sutherland & Rudy, 1989)
as well as in social interaction and communication (Rubin
et al., 2014; Schiller et al., 2015). However, the role of
atypical hippocampal functioning in the etiology of ASD
needs further empirical confirmation using tasks that have
been shown to depend crucially on intact hippocampal
functioning.

In animal lesion studies, damage to the medial tempo-
ral lobe and the hippocampus as well as the amygdalohip-
pocampal complex resulted in e.g., memory impairment,
socio-emotional impairment such as social withdrawal and
lack of interest in social interactions, and repetitive behav-
iors in the animals similar to the behavioral difficulties seen
in autism in humans (Bachevalier, 1994, 1996). Later work
(Vargha-Khadem, Gadian, Watkins et al., 1997) has shown
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that the difficulties resulting from early hippocampal dam-
age relate to episodic memory, which involves the flexible
combination and re-combination of elements of experience
and not to social emotional difficulties. Yet Bowler et al.
(2011) have argued that the social and memory difficulties
experienced by autistic individuals may also stem at least
in part from a common set of cognitive processes involving
flexible thinking that are thought to implicate fronto-hippo-
campal mechanisms.

Findings from human studies comparing hippocampal
volume and metabolism in autistic and non-autistic indi-
viduals are inconsistent. Some studies report no differences
in volume and metabolism between groups (Haznedar et al.,
2000), others report subtle reduction of hippocampal vol-
ume in autistic people (Nicolson et al., 2006) and still others
report an increased volume of the hippocampus in autistic
individuals (Schumann et al., 2004). These findings suggest
that the clinical picture of ASD may not solely be associated
with structural abnormalities in a specific region, such as
the hippocampus, but rather with functional atypicalities in
these regions or connectivity with other brain regions such
as the frontal lobe executive system (Ellis Weismer et al.,
2018; Friedman & Sterling, 2019; Hill, 2004; Hosenbo-
cus & Chahal, 2012). Studies of connectivity between the
hippocampus and other brain regions examined in func-
tional imaging studies using tasks related to hippocampal
functioning have also showed inconsistent results ranging
from no evidence for ASD-related hippocampal atypicali-
ties during relational reasoning in a transitive inference task
(Solomon et al., 2015) to a reduced hippocampal connectiv-
ity in autistic people during memory retrieval of previously
learned object features (Cooper et al., 2017).

These inconclusive findings may indicate that the experi-
mental tasks used in these investigations are not specifically
sensitive to hippocampal functioning and might instead
depend also on other brain regions, such as the prefrontal
cortex (PFC, (Zhang et al., 2022). Inconsistencies might
also result from autistic participants’ relying on com-
pensatory mechanisms which mask underlying difficulty
(Livingston & Happé, 2017). Therefore, it is necessary to
look to conceptualizations of hippocampal processes that
are specified in a more abstract and general level, that are
known to operate across functional domains and that might
be less likely to be compensated for. One such conceptu-
alization that has been shown to be specifically sensitive
to hippocampal functioning is Configural Learning, which
involves the binding of stimulus elements to form unique
arrays (an everyday example would be binding knowledge
of a particular person and a specific place into a place-per-
son association connected to a unique episode). Structural
Learning (Aggleton et al., 2007, 2009, 2010; Sanderson et
al., 2006) is a more specific form of configural learning that
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additionally requires the binding of the relationships among
stimulus elements, be they spatial (e.g. element A has to be
to the left, rather to the right of element B or temporal (ele-
ment A must occur before (rather than after) element B. This
process enables us to distinguish between similar stimuli
and situations and thus enables us to orient ourselves suc-
cessfully in the surrounding spatial and social world. For
example, we learn that certain behaviors can facilitate social
belonging to one group of people in a certain social context
and lead to rejection in another social context or by another
group of people. The clinical features of ASD such as dif-
ficulties with episodic memory and with social interactions
suggest autistic individuals should also show atypical Struc-
tural Learning compared to non-autistic individuals.

Sanderson et al. (2006) developed an experimental para-
digm involving four different visual discrimination tasks
including one involving Structural Learning to examine the
consequences of hippocampal lesions on rats’ performance
on the tasks (see Fig. 1 for examples of the stimuli). In all
four tasks, the rats had to learn to discriminate between
pairs of stimuli before and after a hippocampal or sham
lesion by having to find a submerged platform in a water
tank that was below one of two presented stimuli). In Sim-
ple Discrimination, a simpler form of learning not requir-
ing Configural Learning, rats had to discriminate between
two simple images. Three other tasks (Structural Learning,
Transverse Patterning and Biconditional Discrimination)
tested the more complex Configural Learning. Only the
Structural Learning task is of relevance for the current proj-
ect. In this task, rats had to discriminate between pairs of
compound images that were made up of simple stimuli that
were white, black, or striped and that were mirror images of
each other (see Column II, Lines A, B & C of Fig. 1). The
discrimination between these mirror images required rats to
bind the component stimuli of an image and represent their
specific spatial configuration. Sanderson et al. (2006) found
that hippocampal lesions impaired the ability of Structural
Learning but not the ability to learn and perform the Simple
Discrimination pointing to the likely role of the hippocam-
pus in structural learning.

Ring et al. (2017) adapted the Simple Discrimina-
tion and Configural Learning tasks from Sanderson et al.
(20006) for use in humans to examine whether autistic adults
experience specific difficulties with Structural Learning,
but not with tasks of other forms of Configural Learning,
like Biconditional Discrimination, or Transverse Pattern-
ing, or in Simple Discrimination (see Fig. 1). They tested
groups of 19 autistic and 19 non-autistic adults aged in
their early 40’s using pairs of visual stimuli similar to those
illustrated in Fig. 1 presented on a touch-sensitive screen.
Participants were given minimal instructions (“pick the cor-
rect image’) and were provided with smiling or frowning
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Fig. 1 Examples of stimuli for
Simple Discrimination (Col-
umn [), which were presented
in Blocks 1 to 5. Examples of +
stimuli for Structural Learning
(Column IT) with mirror image

test trials, which were presented A
in Blocks 1 to 5 (Lines A to C),

and re-paired stimuli test trials,

which were presented in Block

5 only (Lines D and E). Stimuli B
presented below the plus sign are
reinforced in the example (Figure
provided by courtesy of Ring et

al., 2017)

faces as feedback. Ring et al. found a significantly lower
performance in autistic compared to non-autistic adults on
the Structural Learning task, which was not attributable
to problems with executive functions as measured by the
Color Trials Test (CTT; D’Elia et al., 1996), or the abil-
ity to learn Simple Discriminations. Importantly, autistic
adults did not acquire Structural Learning but rather used
some other learning strategy to solve the task as indicated
by chance performance in their worst discrimination in the
task. Furthermore, the authors added an additional test of
Structural Learning to the final block of the task by pre-
senting the studied mirror image pairs, presented earlier in
the task intermixed with re-paired image pairs, consisting
of the previously seen images, which were rearranged into
new non-mirror image pairs (see Fig. 1, Column II lines
D and E). Ring et al. assessed ratio scores setting perfor-
mance on re-paired trials in relation to performance on stud-
ied trials (re-paired/(re-paired +studied). The researchers
assumed that reduced learning of the structural arrangement
of the mirror images presented in the Structural Learning
task would lead to a better performance on re-paired trials
and higher ratio scores for autistic compared to non-autistic
adults, which is what they found. Taken together, the find-
ings of Ring et al. (2017) and of Sanderson et al. (2006) are
consistent with atypical hippocampal functioning.

Derwent (2018) examined whether autistic children had
reduced Structural Learning by testing autistic and non-
autistic children aged seven to sixteen years on the Simple
Discrimination Structural Learning tasks used by Ring et al.
(2017). No differences in performance between autistic and

Simple Discrimination

| 1l
Structural Discrimination

™
e

Novel Test Trials

H 11111

non-autistic children were found in either task, regardless
of whether the stimuli were studied or re-paired. However,
unlike non-autistic children, autistic children performed
at chance in the re-paired trials of the Structural Learning
task. These results are inconsistent with those of Ring et
al. (2017). However, methodological issues in the study
of Derwent (2018), such as the fact that the two groups of
children were not matched on gender, chronological age,
or Full-scale Intelligence Quotient (FIQ), limit any com-
parison with the earlier Ring et al. (2017) study. The pres-
ent study aimed to examine whether the findings of Ring et
al. (2017) could be replicated in a well-matched sample of
autistic and non-autistic children, when tested on the Simple
and Structural Learning tasks from Ring et al. (2017). We
expected that:

(1) autistic compared to non-autistic children would show
lower Structural Learning,

(2) autistic and non-autistic children would not differ in
their learning performance on the Simple Discrimina-
tion task,

(3) the reduced Structural Learning of autistic children
would not be attributable to difficulties in executive
functions, measured by the executive total score of
the parent version of the Behavior Rating Inventory of
Executive Function (BRIEF; Gioia et al., 2000),

(4) autistic compared to non-autistic children would not
demonstrate Structural Learning capacity and.
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(5) autistic compared to non-autistic children would show
higher performance on re-paired as opposed to studied
trials.

Materials and Methods
Participants

The sample size was based on Ring et al. (2017), who
tested 19 autistic and 19 non-autistic adults in the Struc-
tural Learning task. Therefore, the goal was to include at
least 20 autistic and 20 matched non-autistic children. Over-
all, 43 autistic and 38 non-autistic children were tested. Of
these, seven autistic and one non-autistic participant were
excluded as outliers as they performed at chance in Block 5
of Simple Discrimination task assuming that these individu-
als showed a more general difficulty with learning rather
than structural learning. The exclusion resulted in a total
sample of 36 autistic and 37 non-autistic children (detailed
information about this sample can be found in the Appen-
dix/ Supplementary Materials). Due to a trend difference
between the groups in IQ (U=510.00, p=.086, r=.20), a
sub-sample of well-matched autistic and non-autistic groups
was created. Groups in this sub-sample were matched on
gender and chronological age and participants in each group
were matched individually on Full-scale Intelligence Quo-
tient (FIQ) or General Ability Index (GAI) in the case of an
inhomogeneous intelligence profile (in both cases +/- 10 1Q
points difference at maximum) as measured by the fifth ver-
sion of the Wechsler Intelligence Scale for Children (WISC-
V; Petermann, 2017). This resulted in 28 matched pairs of
children and a total sample size of 56 children. Similarly,
as above, a further three autistic participants were excluded
as outliers as they performed at chance on the Simple Dis-
crimination task Block 5 resulting in a final sample size
of 25 autistic and 28 non-autistic children. Groups did not

Table 1 Participant characteristics for the autistic and non-autistic
groups

Autistic Non-autistic

(25 m, 0f) (26 m, 2f)

M (SD) M (SD) Test value  p-value Effect

size

Age 11.16 11.07 (1.84) U=347.00 .960 r=.01
(years) (1.84) (range 8-14

(range  y)

8-14y)
FIQ/ 107.00 106.36 #(51)=0.15 .878 Cohen’s
GAI (16.24) (14.11) d=0.04

Note FIQ: Full-scale Intelligence Quotient, GAI: General Ability
Index (in case of an inhomogeneous intelligence profile)

@ Springer

differ significantly in gender (y*>=1.86, p=.492, ®=0.19),
chronological age and FIQ/GAI (see Table 1).

Participants were all native German speakers. They were
recruited as part of a larger study at the Clinic for Child
and Adolescent Psychiatry and -Psychotherapy (KJP) at the
University Hospital Dresden aiming to improve the well-
being of autistic children through a diet rich in coenzyme
Q10. Autistic children were patients at the Autism center
of KIJP, University Hospital Dresden and were recruited
through telephone calls, e-mails, their therapists, and flyers
at the hospital. Non-autistic children were recruited through
the test person database of the KJP, University Hospital
Dresden. In addition, the study was advertised on the web-
site of the KJP, University Hospital Dresden and schools
were contacted and asked to hand out flyers to the children.

Inclusion criteria for autistic children were a chronologi-
cal age of six to fourteen years and a clinical diagnosis of
F84.0 (Autistic disorder), F84.1 (Atypical autism) or F84.5
(Asperger’s syndrome) according to the International Sta-
tistical Classification of Diseases and Related Health Prob-
lems — Tenth Edition (ICD-10, (World Health Organization,
2004). Autistic children received their clinical diagnosis
prior participation based on the gold standard for autism
diagnosis, i.e., the German versions of Autism Diagnos-
tic Observation Schedule — Version 2 (ADOS-2; German
translation: Poustka et al., 2015) and the Autism Diagnostic
Interview— Revised (ADI-R; German translation: Bolte et
al., 2006). Since autism is often associated with comorbid
psychiatric disorders and the intake of psychotropic medi-
cation, these were not an exclusion criterion in the autistic
group. Clinical characteristics of the autistic group are pre-
sented in Table 2. Due to Q10 intake, a soy allergy or treat-
ment with thyroxine were exclusion criteria in this group.

For the non-autistic group, inclusion criteria were a
chronological age of six to fourteen years and the absence
of psychiatric disorders which was measured with a struc-
tured diagnostic interview. Based on this, four recruited
non-autistic children were excluded from the study. None
of the included non-autistic children reported taking medi-
cation regularly. Children in both groups were excluded if
they had somatic or neurological diseases affecting the ner-
vous system or were in an acute inflammatory state.

All participants were reimbursed for their time with 10
Euro per hour and their travel costs were paid for. This
study was discussed and approved by the ethics commit-
tee of the University Hospital Dresden (Processing number:
EK 427,102,017) and applies to the guidelines of Helsinki.
There was no community involvement in the reported study.
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Table 2 Clinical characteristics of the autistic group (N=25)

Continuous variables M + SD
ADOS-2

Social Affect 824 459

Restrictive and Repetitive Behaviors 1.68  2.64

Total Score 9.60 5.16

Comparative Value 544  2.67
ADI-R

Social Interaction 14.88 5.31

Communication 11.42  3.65

Restrictive and Repetitive Behaviors 317 193
Categorial variables n %
ICD-10 ASD Diagnoses

F84.0 (Autistic disorder) 32.00

F84.1 (Atypical autism) 5 20.00

F84.5 (Asperger’s syndrome) 12 48.00
ICD-10 Co-occurring Diagnoses

F80.3 (Acquired aphasia with epilepsy) 1 4.00

F81.2 (Mathematics disorder) 1 4.00

F82 (Specific developmental disorder of motor 2 8.00
function)

F83 (Mixed specific developmental disorders) 2 8.00

F90.0 (Attention deficit hyperactivity disorder) 2 8.00
Intake of Psychotropic Medication

Lisdexamfetamine 1 4.00

Note ADOS-2: Autism Diagnostic Observation Schedule — Version
2, ADI-R: Autism Diagnostic Interview— Revised, ICD-10: Interna-
tional Statistical Classification of Diseases and Related Health Prob-
lems — Tenth Edition

Materials

The materials and procedures of the Simple Discrimina-
tion and Structural Learning tasks were adopted from Ring
et al. (2017). They involved minimal verbal instructions.
Black and white images were presented on a touch-sensitive
tablet-screen. A detailed overview of the stimuli and rein-
forcement contingencies is provided by Ring et al. (2017)
in their supplemental materials. For examples of the stimuli,
see Fig. 1.

The parent version of the Behavior Rating Inventory of
Executive Function (BRIEF; Gioia et al., 2000) was used
to determine the extent of executive difficulties in everyday
behavior of the children.

Procedure

In the Simple Discrimination and Structural Learning tasks
from Ring et al. (2017) black-white images were presented
on the screen (see Fig. 1). Touching one of the images
resulted in the presentation of a smiling or frowning cartoon
face. The facial expression of the face provided feedback
on whether the selected image was correct or incorrect.

Participants were instructed to select the correct image and
to learn from the feedback given.

In the Simple Discrimination task, one pair of stimuli
images of distinct patterns (cross, circle) was presented
in all five blocks (see Fig. 1, Column I). The distinction
between these stimuli required a simple discrimination.

In the Structural Learning task, participants were pre-
sented with three pairs of mirror images, compounded out
of simple white, black or striped stimuli, in all five blocks
(see Fig. 1, Column II, Lines A to C). Participants needed to
learn the spatial configuration of the parts of the images. For
example, they had to learn that an image with a black and
white area was a correct image only if the black area was
on the left of the white area. Successful distinction between
these stimuli implied a capacity for Structural Learning.

The tasks consisted of five blocks. In the Simple Dis-
crimination task, a pair of images was introduced in Block
1. This pair was presented in each of the five blocks. In the
Structural Learning task, one pair of images was introduced
in Block 1, a second one in Block 2 and a third one in Block
3. Once an image pair was introduced, it was presented in
each subsequent block.

In Blocks 4 and 5, all pairs were presented intermixed. In
each block, the stimulus pairs were presented until partici-
pants either demonstrated reliable acquisition of the stimu-
lus contingencies with an accuracy of 50% in the Simple
Discrimination task and 80% in the Structural Learning
task, or this learning criterion has not been met within three
repetitions of the trials of the block. As soon as the learn-
ing criterion was reached or not reached after three repeti-
tions of the trials of the block, the next block was presented.
This means that participants who did not reach criterion
after three repetitions of a block were not excluded from
the experiment. After each block, there was a brief pause.
Participants continued by touching a pause button on the
screen.

In Block 5 of the Structural Learning task, previously
studied stimuli were intermixed with re-paired stimuli (see
Fig. 1, Column II, Lines D and E). The re-paired stimuli
consisted of the previously presented mirror images assem-
bled into new pairs. For example, the previously presented
pairs of black/white vs. white/black and white/striped vs.
striped/white were recombined in this block to black/white
vs. striped/white or white/striped vs. white/black. The dis-
tinction between these re-paired stimuli also required Struc-
tural Learning. Learning performance in these trials showed
whether participants had fully learned the structural arrange-
ment of the stimuli, because what has been learned had to be
transferred to new stimulus combinations and could not be
solved through simpler learning processes.

@ Springer
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Statistical Analysis

Participants were excluded for all analyses if they showed
an average accuracy of <1 in the Simple Discrimination
trials of Block 5. In addition to the analysis of the data of
the matched participants which can be found in the Results
section of the paper below, the findings for all the tested
participants can be found in the Appendix/ Supplementary
Materials.

The data for the difference hypotheses were analyzed
in IBM SPSS Statistics version 28 (Statistical Package for
Social Science IBM®). The data for the equivalence hypoth-
esis were analyzed in DATAtab (DATAtab Team, 2023).
For analyses in SPSS, the respective standard methods were
used and if the requirements for a method were not met, a
corresponding, robust alternative method was used instead,
if there was one. Nominal data were analyzed with a Chi-
square test. In case requirements were not met, the results
of the exact Fisher test are reported. Interval data were ana-
lyzed with bivariate correlations, t-tests, repeated measures
ANOVAs, and regression analyses. If requirements for the
t-test were not met, the data were analyzed with the Mann-
Whitney U-test or the Wilcoxon test. In case the spheric-
ity assumption was violated in ANOVAs, the Greenhouse
Geissler correction was used. For equivalence testing in
DATAtab, the TOST procedure was used, consisting of two
one-sided t-tests. Assuming that deviations up to 10% in the
performance of the groups were practically irrelevant, the
equivalence bounds were set on +0.1 (A; =-0.1; A;=0.1).
The significance level of the error probability was set at
a=5% for all tests. A p-value below 0.05 was considered
as significant. As measures of effect size, Cohen’s d with
its 95% confidence intervals and Partial eta squared for the
standard methods, and Phi and Pearson correlation coeffi-
cients for the alternative methods are reported.

Results
Simple Discrimination Task

The data are presented in Fig. 2. In Block 1, the TOST pro-
cedure yielded a nonsignificant result for the test against
Ar, t(51)=0.21, p=.417, and a significant result for the test
against Ay,#(51)=2.75, p=.004. Therefore, the equivalence
test was nonsignificant (p =.417), indicating that the groups
cannot be considered equivalent in Block 1. In Blocks 2
to 5, the TOST procedure yielded significant results for
the tests against A;, all #51)>2.58, all p<.006, and sig-
nificant results for the tests against Ay, all #(51)>2.82, all
p<.003. Therefore, the equivalence tests were significant,
all p<.006, indicating equivalent groups in Blocks 2 to 5
of the task.

Structural Learning Task
Learning

The data are presented in Fig. 3. Performance for both
groups (autistic — ASD, non-autistic — typically developing
- TD) was significantly above chance in all five blocks, all
z>4.12,all p<.001, all »>.82. A 2 (Group [ASD, TD]) x 5
(Block [1, 2, 3, 4, 5]) repeated measures ANOVA revealed
a significant interaction of Group*Block, F(2.77)=3.14,
p=.031, np2=0.06, GGC. Groups differed significantly in
their performance in Block 5, U=212.50, p=.006, r=.34,
but not in Blocks 1 to 4, all U>267.00, all p>.063, all
r<.21, indicating a similar performance in both groups
in Blocks 1 to 4 followed by an opposite performance in
Block 5 with the TD group showing an improvement and
the autistic group showing a drop in performance. The
main effects of Group, F(1)=1.60, p=.212, np2 =0.03, and

Fig.2 Simple Discrimination Block 1 | ‘e i
mean differences between the
autistic and non-autistic groups
in Blocks 1 to 5 of the task with . ,
90% confidence intervals Block 2 ! * '

Block 3 | ° i

Block 4 —e—1

Block 5 ®

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1
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Fig. 3 Structural Learning accu-
racy scores with 95% confidence 1
intervals for the autistic (ASD)
and non-autistic (typically devel-
oping - TD) groups in Blocks 1 to 08
5 of the task

07

0,6

Structural Discrimination

—6—ASD —4&--TD

05

Accuracy

0,4
03
0,2

0,1

Table 3 Means and standard deviations of accuracy scores of the
worst, middle and best image pair of Block 4 of the Structural Learn-
ing task for the autistic and non-autistic groups

Autistic (n=25)

Non-autistic

(n=28)
Continuous variable M +SD M +SD
B4 Worst image pair 0.72 0.25 0.81 0.22
B4 Middle image pair 0.85 0.18 0.90 0.14
B4 Best image pair 0.95 0.10 0.98 0.12

Block, F(2.77)=1.72, p=.170, np2=0.03, GGC, were not
significant.

Block 4 presents the most rigorous test of Structural
Learning with all three image pairs studied in Blocks 1
to 4 presented to the participants. To test whether partici-
pants of both groups learned all three or only one or two
out of three image pairs, separately for each participant, the

Fig.4 Accuracy scores of the

studied and re-paired trials of 1
Block 5 of the Structural Learn-

ing task with 95% confidence 0,9
intervals for the autistic (ASD)

and non-autistic (typically devel- 0,8

oping - TD) groups

3 4 5
Block

respective worst, middle and best image pair were identi-
fied and performance on these image pairs was compared to
chance level. The data are presented in Table 3. Participants
in both groups performed significantly better than chance
on all three discriminations, all z>3.32 p<.001, all »>.66,
indicating that participants in both groups demonstrated
Structural Learning capability.

Test

To assess the two groups® difference between studied and re-
paired trials in Block 5 of the Structural Learning task, ratio
scores (re-paired/(re-paired + studied)) were calculated. The
data are presented in Fig. 4. Ratio scores did not differ sig-
nificantly between groups (autistic: M=0.48, SD=+0.08;
non-autistic: M=0.50, SD=+0.04; U=348.00, p=.487,

Structural Discrimination

—e—ASD —&-TD

Accuracy
o
(%]

Studied

Re-paired
Trial Type
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r=.004). Comparing participants’ (autistic — ASD, non-
autistic — typically developing - TD) performance on stud-
ied and re-paired trials directly using a 2 (Group [ASD,
TD]) x 2 (Trial type [studied, re-paired]) repeated mea-
sures ANOVA revealed a significant main effect of Group,
F(1)=4.70, p=.035, np2=0.08, with higher performance
for the TD compared to the ASD group, but no significant
main effect of Trial type, F(1)=2.01, p=.163, np2=0.04,
GGC, and no significant Group* Trial type interaction,
F(1)=0.74, p=.395, np2:0.01, GGC. These results indi-
cate that the TD group showed better performance than the
autistic group, independent of the trial type.

Relation to Executive Functions

The groups differed significantly in the BRIEF Total Score,
U=44.00, p<.001, r=.73, with better executive func-
tions indicated by lower scores according to parent report
for the non-autistic (M=46.72, +SD=10.83) compared to
the autistic group (M=70.88, +5§D=10.99). Due to this
difference in the covariate, requirements for analyses with
an ANCOVA were not met. Bivariate correlation analysis
across the combined sample of autistic and non-autistic par-
ticipants showed a significant negative correlation between
the BRIEF Total Score and performance on re-paired tri-
als in Block 5, r=—.32, p=.025, indicating that more dif-
ficulties in executive functions were associated with lower
performance in the re-paired test trials. There was no sig-
nificant correlation, however, a trend was found between the
BRIEF Total Score and the performance on studied trials,
r=—.25, p=.086. Bivariate correlation analysis across the
sub-samples of autistic and non-autistic participants showed
no significant correlations between the BRIEF Total Score
and performance on studied trials (autistic: »=.05, p=.811;
non-autistic: »=—.36, p=.075), however, there was a trend
for the non-autistic group with a larger effect size, and no
significant correlation between the BRIEF Total Score and
performance on re-paired trials (autistic: r=—.07, p=.750;
non-autistic: r=-.32, p=.118). Regression analyses
revealed no significant difference between the groups’ cor-
relations between the BRIEF Total Score and the perfor-
mance on studied (R=.36, Prcraction =-200) or re-paired
trials (R=.38, Pineraction =-463)-

Discussion

The aim of the present study was to examine whether the
finding of Structural Learning difficulties in autistic com-
pared to non-autistic adults) can be replicated in a well-
matched sample of autistic and non-autistic children. As
explained in detail below, this was only partly the case. To
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fulfil the aim, we analyzed the data of 25 matched autistic
and 28 non-autistic children on Simple Discrimination and
Structural Learning tasks of Ring et al. (2017).

Hypothesis 1 stating that autistic compared to non-autis-
tic children would show lower learning performance in the
Structural Learning task was confirmed only for Block 5
where autistic children showed significantly lower perfor-
mance compared to the non-autistic group, indicating that
autistic children showed difficulties with a Structural Learn-
ing task. Hypothesis 2 stating that autistic and non-autistic
children would not differ in their learning performance on
Simple Discriminations was confirmed for Blocks 2 to 5 on
the Simple Discrimination task while autistic compared to
non-autistic children showed lower performance in Block
1. The same results for both hypotheses were found for the
analysis of the data of all participants tested. The results
indicate that both groups were able to learn to discriminate
between simple stimuli and they suggest that the between-
group difference in performance in Structural Learning
cannot be explained by a diminished ability of the autistic
group to discriminate between simple stimuli. In this regard
the findings are consistent with the findings of Ring et al.
(2017) and support the conjecture that atypical hippocam-
pal functioning might play an important role in the etiol-
ogy of autism (Cooper et al., 2017; Haznedar et al., 2000;
Nicolson et al., 2006; Schumann et al., 2004; Solomon et
al., 2015). However, differently from Ring et al.’s (2017)
finding of a lower performance of autistic compared to non-
autistic adults across all five blocks of Structural Learning,
we only observed this difference in performance in Block 5.
This difference in results could be due to a ceiling effect in
the current study, since both groups performed with a high
level of accuracy across blocks, making it harder to detect
between-group differences. In addition, when directly com-
paring performance between the studies by inspecting mean
values, it can be seen that autistic children in the present
study performed better than the autistic adults in Ring et al.
(2017) across the blocks, while the non-autistic groups did
not differ much in their performance. The difference in per-
formance observed between the autistic children and adults
is unlikely to be due to differences in FIQ, since the groups
in the two studies were very similar in this respect.

Age could be a relevant factor in explaining the differ-
ences in results between studies. It is possible that autistic
children and adults may have used different learning strate-
gies for the Structural Learning task which could be due to
developmental hippocampal differences. There is consider-
able evidence indicating structural and functional changes
in the hippocampus and fronto-hippocampal circuitry (Lee
et al., 2017) especially during the transition from child-
hood to adolescence (Botdorf et al., 2022) and from adult-
hood to old age (Langnes et al., 2019). These transitions
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are accompanied by alterations in functions such as memory
(Malykhin et al., 2024), and spatial navigation (Sodoma et
al., 2021), suggesting that there might also be similar age-
related changes in the functions investigated here. In the
present context, transitions in later life may be just as impor-
tant as those in childhood and adolescence because of the
growing body of evidence that younger autistic individuals
cognitively resemble older non-autistic persons (‘the ageing
analogy’, Bowler, 2007; Ring et al., 2020) and that autism is
a ‘different sort of ageing’, (Roestorf, 2018). These consid-
erations point to the need for longitudinal life-span studies.

A surprising result which again could be related to strat-
egy use is the finding that both groups in the current study
performed above chance not only in all five blocks of the
Structural Learning task, but also contrary to the predic-
tion and Hypothesis 4 in all three discriminations in Block
4, indicating that both groups demonstrated a capacity for
Structural Learning. This result was true for the data of all
the participants tested here and contrasts with the result of
Ring et al. (2017), who found that autistic but not non-autis-
tic adults performed at chance in their worst discrimination
in Block 4. The finding also contradicts Derwent’s (2018)
findings, where autistic compared to non-autistic children
showed performance at chance level in Block 4. The low
correlation between executive function scores and task
performance predicted by Hypothesis 3 makes an explana-
tion in terms of the compensatory use of executive func-
tions unlikely. However, whereas Ring et al.’s (2017) adults
showed undiminished executive functions on the CTT
(D’Elia et al., 1996), the autistic children tested here showed
lower executive functions in the BRIEF (Gioia et al., 2000)
parent report both in the matched and the total dataset.
Therefore, it cannot be ruled out that the difference in per-
formance in the Structural Learning task found between the
groups in the current study was influenced by this difference
in executive functions. More research including functional
imaging studies is needed to clarify this. The work by Coo-
per et al. (2017) on episodic memory in autistic adults using
functional imaging gives a hint in this direction showing
reduced connectivity of the fronto-hippocampal network
compared to non-autistic adults. It would be important to
find out whether a similar reduction in fronto-hippocampal
connectivity would be the case in autistic children given the
behavioral differences between the autistic children tested
here and Ring et al.’s (2017) autistic adults.

Hypothesis 5 stating that autistic compared to non-autis-
tic children would show higher performance on re-paired as
opposed to studied trials in Block 5 of the Structural Learn-
ing task was not confirmed by the present data; the ratio
scores of the groups did not differ. Independent of trial type,
the non-autistic group showed a better performance com-
pared to the autistic group. The same results were found for

the analysis of the data of all participants tested. Therefore,
the results contradict the findings of Ring et al. (2017) who
found that autistic compared to non-autistic adults showed a
better performance on re-paired as opposed to studied trials.
We assumed that as in the study from Ring et al. (2017) a
reduced learning of the structural arrangement of the mirror
images presented in the Structural Learning task in the autis-
tic group would lead to a better performance on re-paired
mirror images in this group. We may not have found this
better performance on re-paired trials in the autistic group
because the autistic children tested here did not show a
reduced learning performance in Blocks 1 to 4 of the Struc-
tural Learning task unlike the autistic group in the study
from Ring et al. (2017). Alternatively, when presented with
the re-paired trials, the children in this study may not have
used the two-routes strategy to a correct answer described
by Ring et al. (2017)", but a different less successful strat-
egy, with the result that the autistic children did not perform
better in re-paired as opposed to studied trials.

Executive functions might also have played a role here,
as they have been found to influence performance on a
hippocampally-dependent task (transverse patterning) in
healthy ageing adults (Gracian et al., 2016). Here, executive
function difficulties correlated negatively with performance
on re-paired trials but not the performance on studied trials
for the entire sample. It is conceivable that the character-
istics of particular executive functions may determine the
extent to which the two-routes strategy to a correct answer
referred to above is used and, thus, how successfully the
re-paired trials can be solved. In this regard, it is unclear to
what extent performance on re-paired trials in the autistic
group was affected by difficulties in frontal lobe executive
processes and to what extent by hippocampal-related atypi-
calities associated with difficulties in Structural Learning.
Unlike either the present study or that of Ring et al. (2017),
Derwent (2018) found no differences between groups in
the studied and repaired trials, with their autistic group per-
forming at chance in the re-paired trials. Executive func-
tions were not measured in that study.

The following limitations of the current study need to
be considered. The between-group difference in executive

' On each repaired trial there are two possible routes to a correct

answer instead of just one in the studied trials because information
from two previously studied trials is crossed. For example, to perform
well on a studied trial such as black/white versus white/black (Fig. 1,
Column I Row A), the participant needs to know which configura-
tion is correct, that is, that black needs to be on the left side of white.
However, to make the correct choice on a repaired trial such as black/
white versus striped/white (Fig. 1, Column I Row D), the participant
may either remember that black/white rather than white/black (Fig. 1,
Column I Row A) is correct, or they may remember that white/striped
rather than striped/white is correct (Fig. 1 Column I Row B). Via such
a strategy ASD individuals would have been able to increase their per-
formance to above 2/3 of the trials.
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functions may have influenced the results. Therefore, future
studies should match the groups on executive functions to
prevent this. In addition, unlike in Ring et al. (2017) where
executive functions were measured directly using the Color
Trials Test (D’Elia et al., 1996), the present study used the
BRIEF (Gioia et al., 2000), a third-person assessment ques-
tionnaire. The use of this instrument might in part explain
differences between studies and should, therefore, be consid-
ered carefully in future studies (see review by Kenworthy et
al., 2008 for a discussion of this topic). Furthermore, groups
in the current study differed in the sense that non-autistic
participants with co-occurring disorders were excluded
from the study whereas many of the autistic participants
had additional psychiatric disorders and one took psycho-
tropic medication, which may have influenced the results.
Since comorbid psychiatric disorders and the associated use
of psychotropic medication are typical for autistic patients,
subjects were not excluded from the study in order to
ensure a higher generalizability of the results. Another fac-
tor that may at least have influenced the correlations might
be a power issue due to sample size. Correlations between
Structural Learning and BRIEF were significant for the total
sample but when splitting the groups there was only a trend
for the non-autistic group. Despite our greatest efforts it was
not possible to recruit a larger well-matched sample of par-
ticipants. Finally, it might be argued that we should have
corrected the alpha level for multiple comparisons on the
same data. However, in line with current recommendations
(Garcia-Pérez, 2023), we did not adjust alpha levels, as sta-
tistical claims are intended for independent tests where no
omnibus tests (such as the repeated-measures ANOVA used
here) were available.

The current findings considered in conjunction with those
of Ring et al. (2017), by suggesting that autistic children to
some extent show difficulties in learning specific structural
aspects of configural stimuli, have important implications
for future research and interventions with autistic individu-
als. As already mentioned, life-span longitudinal studies
are needed to establish developmental trajectories in the
capacity for learning the structural aspects of configural
stimuli. Further research is also needed into how Struc-
tural Learning ability associates with other hippocampally-
mediated functions such as episodic memory and spatial
navigation. Studies are also needed to assess the extent and
underlying mechanisms of difficulties in Structural Learn-
ing capacity associate with aspects of the clinical picture
of autism, such as social-communication difficulties and
restricted and repetitive behaviors. The discovery of such
associations would pave the way for the development of
training programs which, because they would be aimed at
more abstract, higher-level hippocampal functions, have
the potential to have widespread beneficial effects beyond
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those of current programs that target specific areas of dif-
ficulty such as spatial navigation, which requires the ability
to differentiate the structural arrangements of components
of navigational cues (Diersch & Wolbers, 2019; Lovdén et
al., 2012). It is possible to speculate that negotiating social
and communicational situations might require a similar
ability to respond differently to complex situations that have
the same elements but are arranged differently. Envisag-
ing a possible connection between restricted and repetitive
behaviors and structural learning is more difficult, but again,
we can speculate that if such behaviors are an indirect con-
sequence of other, more directly hippocampally-mediated
such as structural learning, then interventions aimed at that
might have beneficial knock-on effects. Such speculations
would need to be tested empirically.

Taken together, the results suggest that autistic children
were able to demonstrate Structural Learning, but showed
diminished levels of performance on this measure com-
pared to non-autistic children. Since the processes embod-
ied in Structural Learning tasks are fundamental for spatial
navigation (e.g. accurate discrimination between different
spatial or temporal configurations of scene components),
learning, and episodic memory (flexible re-combination
of elements of experience), all of which enable us to ori-
entate and interact successfully in the environment and
social world, the present results imply that the ASD clini-
cal picture is associated inter alia with difficulties in this
domain-general cognitive process of Structural Learning.
Its association with atypical hippocampal functioning, dem-
onstrated by non-human animal studies supports, at least in
part, a role for hippocampal dysfunction in the clinical pic-
ture of ASD. However, since the autistic and non-autistic
children differed in their executive functions, it cannot be
ruled out that, in addition to atypical hippocampal function-
ing, atypicalities in the frontal lobe executive system also
contribute to the difficulties seen in Structural Learning in
autistic children.
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