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GLOBAL AND LOCAL PROCESSING IN ASD

Abstract

Previous research suggests that autistic individuals exhibit atypical hierarchical processing,
however, most of these studies focused solely on children. Thus, the main aim of the current
study was to investigate the presence of atypical local or global processing in autistic adults
using a traditional divided attention task with Navon’s hierarchical figures. Reaction time
data of 27 autistic and 25 neurotypical (NT) adults was analysed using multilevel modelling
and Bayesian analysis. The results revealed that autistic, like NT, adults experienced a global
precedence effect. Moreover, both autistic and NT participants experienced global and local
interference effects. In contrast to previous findings with children, the current study suggests

that autistic adults exhibit a typical, albeit unexpected, processing of hierarchical figures.
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Introduction

Autism spectrum disorders (ASD) have been suggested to be associated with a bias
towards (Happé & Frith, 2006) or superiority in (Mottron, Dawson, Souliéres, Hubert, &
Burack, 2006) detail-oriented processing style. Indeed, autistic individuals also excel at
detail-oriented tasks. For example, abowve typical performance during embedded figures has
been observed in autistic individuals (e.g. Shah & Frith, 1983) and broader autism phenotype
(see Cribb, Olaithe, Di Lorenzo, Dunlop, & Maybery, 2016). Similarly, autistic individuals
exhibit superior abilities in a block design tasks (e.g. Ropar & Mitchell, 2001; Shah & Frith,
1993), when copying impossible figures (Mottron, Burack, larocci, Belleville, & Enns, 2003),
and detecting local targets (Plaisted, O’Riordan, & Baron-Cohen, 1998) or ignoring an
increasing numbers of distractors (O’Riordan, Plaisted, Driver, & Baron-Cohen, 2001) in
visual search tasks. However, they also appear to be less efficient when utilizing gestalt
grouping rules (Scherf, Luna, Kimchi, Minshew, & Behrmann, 2008) and succumb less to
visual illusions (Happé, 1996). Taken together, these findings indicate that autistic
individuals may focus more on the components of a stimulus than on the global entity or
whole. Atypical integration of local/global information may underlie differences in face
perception, sensory processing, and social interactions in ASD. Yet, partially due to the
use of different versions of hierarchical perception tasks, it remains unclear whether this
atypicality indeed represents an universal autistic trait (Simmons & Todorova, 2018).

Hierarchical perception can be tested using stimuli with information at both the global
(i.e. the overall shape) and local level (i.e. individual elements). The most frequently used
example of such stimuli is the Navon’s (1977) hierarchical figures task with two stimulus
levels comprising of large shapes made up from the smaller ones (Figure 1). The stimuli can
be congruent or incongruent and have the target letter presented at the local or global levels

respectively or both. Typical performance on this task usually results in two effects. Firstly,
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participants experience a global interference effect where an incongruent large (global) letter
slows down the identification of the small (local) target letter when compared to trials with
congruent stimuli. When the target is presented at the global level, on the other hand, a global
precedence effect occurs where local interference effect from incongruent small letter is
reduced in comparison to the global intereference effect (i.e. reponses to incongruent trials
with global target are faster than to incongrient trials with local target). Hence, this task is
thought to represent faster global information processsing and show that global information is
typically available earlier than local information (Navon, 1977).

[Figure 1 near here]

Multiple studies using traditional Navon’s tasks find atypical local processing in
autistic children and adolescents (e.g. Rinehart, Bradshaw, Moss, Brereton, & Tonge, 2000),
while others do not (Mottron et al., 2003; Ozonoff, Strayer, McMahon, & Filloux, 1994).
Plaisted, Swettenham, and Rees (1999) suggested that such inconsistencies were likely to
have been due to methodological differences across studies. To be precise, they observed that
this occurred only in divided attention tasks where one monitors both levels of the figures and
responds when the target letter appeared at either level. The alternative, a selective attention
version of the task, has participants focusing only on the local or global level of the figure at
atime. In contrast to divided attention tasks, selective attention tasks did not yield atypical
performance. Therefore, it appears that autistic children and adolescents demonstrate atypical
hierarchical processing, but only in one version of the task.

Adult studies differ from those focused on children not only in the age of the sample
used, but also the task chosen. In their meta-analysis, Van der Hallen, Evers, Brewaeys, Van
den Noortgate, and Wagemans (2015) found inconsistent or weak evidence for atypical local
and global processing in ASD, with stronger effects occurring for Navon’s figures tasks.

They also observed subtle age differences in the performance of autistic and neurotypical
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(NT) participants. Yet, a clear pattern for age differences could not be determined as only two
out of nine studies using Navon’s figures included adults. Both also utilized a selective rather
than divided attention version of the task. Other research studying hierarchical processing in
autistic adults used even further variations of the task (e.g. Rondan & Deruelle, 2007). Itis
noteworthy that different paradigms measuring local/global bias poorly relate to each other
even in NTs (Dale & Arnell, 2013; Van Eylen, Boets, Steyaert, Wagemans, & Noens, 2018).
Hence, it is plausible that due to use of different tasks evidence of atypicalities observed in
autistic children and adults to date are tapping into distinct aspects of hierarchical processing.
In summary, Plaisted etal. (1999) revealed that task demands can moderate the presence of
atypical hierarchical processing in autistic children and adolecsents with only the divided
attention task revealing a lack of global advantage. Yet, to our knowledge, it has not been
established whether the existence of this atypical processing in a divided attention task
extends to autistic adults.

The primary aim of the present study was, therefore, to investigate whether atypical
hierarchical processing occurs in autistic adults using the traditional divided attention task
with Navon’s figures. This atypical perception of hierarchical structures has been primarily
addressed by two theories: Weak Central Coherence (Frith, 1989; WCC; Frith & Happé,
1994; Happé & Frith, 2006) and Enhanced Perceptual Functioning (EPF; Mottron &
Belleville, 1993; Mottron et al., 2006). WCC posits a detail-focused processing style (i.e.
stronger local interference) with potentially weaker global processing (i.e. weaker global
interference) in autism, which may reflect a bias towards local processing and in turn a local
precendence effect (Happé & Frith, 2006). EPF, in contrast, suggests that atypical behaviour
exhibited by autistic individuals does not represent a weakness in global perception (i.e.
intact global interference and precedence), but rather a superiority in low-level perception

(i.e. stronger local interference) and optional higher-order processing (Mottron & Belleville,
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1993). Thus, it was expected that NT adults would exhibit a global interference (i.e. respond
to local target trials slower than the congruent stimuli) and a global precedence (i.e. respond
to global target trials faster than local target trials) effects. Autistic adults, however, were
expected to exhibit atypical local interference effect (i.e. respond to global target trials slower
than the congruent stimuli) in one of two ways: 1) due to larger than typical local
interference effect show a local precedence effect (i.e. respond to local target trials faster than
global target trials) in line with theory of Weak Central Coherence (WCC; Happé & Frith,
2006) or 2) show a larger than typical local interference effect but still exhibit global
precedence and intact global interference effect according to Enhanced Perceptual

Functioning theory (EPF; Mottron et al., 2006).
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Materials and Methods
Participants

Participants were recruited through an opportunity sample or advertising online and
reimbursed for their time in the study (£8 per hour). All autistic participants were high-
functioning (IQ > 70; Levy & Perry, 2011) and had a pre-existing ASD diagnosis, which was
further evaluated using ADOS-2 Module 4 (Lord et al., 2012). All the participants were
living without direct support, were able to travel independently, and had normal or corrected
to normal vision.

The sample consisted of 27 autistic (14 females) and 25 NT (13 females) adults. The
groups were matched on gender (3x°(1)<0.01, p=.991), age, and 1Q, but not their Autism-
Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001)
scores (Table 1). Informed written consent was obtained from all individual participants
included in the study. The study was conducted in accordance with the ethical standards of
University of Roehampton Ethical Committee.

[Table 1 near here]
Materials and Procedure

The task was presented using a 40x30 cm (1152x864 px) CRT monitor with a white
background. Sixteen monochrome Navon’s hierarchical figures with large letters comprised
of smaller letters were used as the stimuli (Figure 1). Four of the stimuli were congruent (e.g.
S at both levels) and 12 were incongruent (e.g. big H made up of smaller X’s). The letters
measured at 3.43x5.01 cm (2.44°x3.55°) for the global, and 0.39x0.39 cm (0.27°x0.27°) for
the local, level.

Participants were instructed to indicate whether the target letter was present or absent
on the screen in each trial. They first completed a feedback-based training session. The

training session involved repeating a 27-trial block with a letter T as a target until >80%
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accuracy per block was achieved. Then the task was presented in a 4 (letter-based block: A,
H, S, or X) x 2 (presence of the target: present or absent) x 3 (target presentation level:
congruent, global, or local) within-subject design. Each randomised letter block included 36
trials (144 trials in total) with 18 target present (6 congruent, 6 global, and 6 local) and 18
target absent (6 congruent and 12 incongruent) trials. Each stimulus was preceded by a
fixation cross for 1000 ms. The vertical position of the stimulus was randomised to appear
either at 5.37° (7.56 c¢cm) above or below the fixation point. The stimulus remained on the
screen until the participant responded using the response box (target absent/present response).
Data Analysis

The analysis was conducted in two stages. Firstly, multilevel modelling was carried
out to see whether different stimuli conditions affected participants’ performance. The RT
data was analysed in R using multilevel modelling with 2 (ASD or NT) x 3 (congruent,
global, or local) design (nlme package; Pinheiro, Bates, DebRoy, & Sarkar, 2016). Post hoc
Tukey’s HSD pairwise comparisons were carried out when applicable (emmeans package;
Lenth, 2018).

Multilevel modelling (also known as hierarchical linear models or mixed-effect
models) is a versatile statistical approach for analysing data that has a hierarchical data
structure or for which assumptions of independence are likely to be violated (Field & Wright,
2011). This modelling enabled a comprehensive comparison across conditions via the
inclusion of main and interaction effects. This allows an examination of whether global
interference (i.e. RTs slower in local than the congruent condition), local interference (i.e.
RTs slower in global than the congruent condition), global precedence (i.e. RTs faster in
global than local condition), or local precedence (i.e. RTs faster in local than global
condition) took place across the participant groups. In comparison to more traditional

repeated measures ANOVA, multilevel modelling not only allows to directly model within-
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participant dependence between conditions, but also does not require balanced data (Field &
Wright, 2011; Hox, 2010). The number of measurements can vary per participant (no need
for listwise deletion due to missing data) and the number of participants can vary per group
(Tabachnick & Fidell, 2007).

As a non-significant result is unlikely to provide conclusive evidence for the null
hypothesis and may instead represent insensitivity of the data (Dienes, 2014), a post hoc
Bayesian analysis was conducted to confirm the findings of multilevel modelling and to
guantify the evidence in favour of the data supporting Hj rather than Ho. Therefore, t, we
additionally performed a Bayesian analysis for a 2 (ASD or NT) x 3 (congruent, global, or
local) ANOVA (JASP Team, 2018). A Bayes Factor (BF10) was calculated for each main and
interaction effect to quantify the evidence in favour of the data supporting Hj rather than Ho.
Typically, Bayes factors (BF10)<0.33 provide substantial evidence for the null over the
alternative hypothesis, BF10>3 can be interpreted as evidence for the alternative over the null

hypothesis (Wagenmakers, Wetzels, Borsboom, & van der Maas, 2011).
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Results

All participants successfully completed the training. Autistic participants took on
average 1.41 (SD=1.37) attempts at training session to achieve the > 80% accuracy, whilst
NT participants took 1.04 (SD=0.20) attempts on average, t(27.20)=-1.38, p=.178. Only
correct responses to trials encompassing a target letter (72 trials) were included in the
analysis as there were no group differences in error rates (ASD: M=5.56, SD=7.39; NT:
M=4.04, SD=6.96), t1(50)=-0.76, p=.451. To correct for normality violations, log-transformed
(with the basis of 10) data was used in the analysis. For the ease of interpretation raw mean
RTs and standard deviations are reported (Table 2).

[Table 2 near here]
Multilevel Modelling

Modelling results revealed a significant main effect of target presentation level,
F(2,3399)=253.37, p<.001, n2p=.13. RTs in the congruent presentation (M=706.15,
SD=335.21) were shorter than RTs in incongruent trials with the target letter at the global
level (M=811.76, SD=376.98, t(3999)=-12.85, p<.001, r=.21) or the local level (M=896.77,
SD=376.75, t(3999)=-22.36, p<.001, r=.36). Therefore, on average, both local and global
interference occurred. Post hoc comparisons also showed a presence of global preference
effect as indicated by the significant difference between the RTs to incongruent trials with the
target letter presented at the global and local levels, t(3999)=-9.42, p<.001, r=.16.

Neither the main nor interaction effects of diagnosis, however, reached significance.
Autistic participants did not differ on average RT from NT participants, F(1,50)=0.56,
p=.457, nzp:.01. The diagnosis also did not moderate the effect of the target presentation
level on participants’ RTs, F(2,3399) =1.11, p=.329, n2p<.01. In other words, the extend of
local and global interference or global precedence did not significantly differ between autistic

and NT participants.
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Bayesian Analysis

The largest Bayes factor (BF1p=1.73e+26) showing extreme evidence (more than 100
times likely; Wagenmakers et al., 2011) for an alternative rather than null hypothesis was
received for the target presentation level model. The model with diagnosis on its own
(BF10=0.48), however, was around 2.08 times less likely than the null model. The model
including both the main effect of target presentation level and diagnosis was also much more
likely than null model (BF1p=1.09e+26), but 1.59 times less likely than the target presentation
level only model. Adding the interaction made the model substantially less competitive as the
data was 5.25 times less likely under the model that adds the interaction than the two main
effects model. Therefore, in line with multilevel modelling, the data was most likely for the

model with the main effect of the target presentation level only.
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Discussion

The aim of the present study was to investigate hierarchical processing in autistic
adults using a traditional Navon’s task. As expected, NT adults exhibited both global
interference and global precedence effects by responding slower to incongruent than
congruent trials especially when the target occurred at the local level. In contrast to both
WCC and EPF hypothesis, however, autistic adults exhibited a typical local interference
effect. To be precise, they also showed a global interference and precedence effects, which
did not differ from those observed in NT adults. Thus, the current study shows that autistic,
just like NT, adults experienced both local and global interference with global precedence
when processing hierarchical stimuli.

Previous research has suggested that autistic individuals differ from NT individuals
when processing hierarchical stimuli (Plaisted et al., 1999; Rinehart et al., 2000; Rondan &
Deruelle, 2007). Existent theories have focused on a bias to (WCC; Happé & Frith, 2006) or
superiority of (EPF; Mottron et al., 2006) local processing in ASD, in particular. Yet, the
current findings show that both global interference and a global precedence was exhibited by
autistic and NT adults alike. Hence, in line with the conclusions of Van der Hallen et al.
(2015), the current findings have not provided any support for either the WCC and EPF
theories.

The current findings do not support previously suggested atypical processing of
global information in the presence of incongruent local information in autistic individuals
(Van der Hallen et al., 2015). Other studies have previously found atypical hierarchical
processing in samples of autistic children and adolescents when the currently utilized
Navon’s paradigm has been used (e.g. Plaisted et al.,, 1999; Rinehart et al., 2000). Yet, that
was not the case in other studies focusing on adolescent only samples (e.g. Mottron et al.,

2003). Thus, it should be acknowledged that the lack of group differences in the current adult



GLOBAL AND LOCAL PROCESSING IN ASD
13

sample, could further suggest potential differences in developmental trajectories with
hierarchical processing atypicalities in autism lessening with age.

It is worth noting that VVan der Hallen etal. (2015) observed subtle age effects their
meta-analysis suggesting a difference in the pace of developmental course between autistic
and NT individuals. Developmental changes in hierarchical processing are also supported by
research showing that older NT adults process information at the local level faster than the
global level (i.e. the global precedence effect disappears) in contrast to global precedence in
young adults (Lux, Marshall, Thimm, & Fink, 2008). If this was also the case in ASD, one
would expect a similar process with the local processing bias, or superiority, increasing with
age in autistic adults (Happé & Charlton, 2012). This idea of change in adulthood from
primarily global to more local processing is in line with current findings showing local
interference in NT participants. The lack of group differences, despite careful age matching,
however, indicates that the development of hierarchical processing may follow a different
trajectory in NT and ASD. Longitudinal studies are therefore needed to investigate the
existence of these developmental pathways.

In addition to age, other types of personal variability might be related to local and
global processing. It is possible that rather than the existence of an ASD diagnosis, it is the
heterogeneity in relevant autistic characteristics that may be underlying previously
inconsistent findings of atypical hierarchical processing atypicalities. For example, DiCriscio
and Troiani (2017) have previously reported a gender specific link between visual form
perception and aloofness, but not other broader autism phenotype characteristics. Current
findings indicate that atypical local/global integration may not be a universal in ASD. Yet, it
does not preclude a possibility that it would have occurred in, for example, the more aloof

subgroup of participants. Whilst identification of such groups was out of the scope for the
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current study, future research is needed to disentangle the relative contribution of different
autistic characteristics to hierarchical perception.

In conclusion, this is the first study using a traditional divided attention task with
Navon’s hierarchical figures to show a global precedence with both global and local
interference effects in autistic adults. As both effects were also exhibited by NT adults these
results could not be explained by either the WCC or EPF theories of atypical hierarchical
processing. The current study, instead, suggests that atypical hierarchical processing does not
persist into adulthood in autistic individuals. Yet, in light of previous research, it supports
potential differences in the developmental trajectories of local/global processing by

suggesting plausible age-related increases to local information processing in neurotypicals.
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Figure Caption
Figure 1. Example stimuli used in the Navon’s hierarchical figures task. A congruent

stimulus is presented on the left and incongruent stimulus is presented on the right.
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Table 1
Participant Comparison on Age, 1Q, and AQ per Diagnosis
ASD (n=27) NT (n = 25)
t(50) p
M SD Range M SD Range

Age 38.22 1387 18-63 36.61 13.84 19-64 -0.42 677
FSIQ 110.33 1444 77-134 110.68 11.19 83-125 0.10 924
VIQ 10759 14.64 71-129 109.04 10.72 81-127 0.40 .688
PIQ 111.00 14.05 80-136 110.32 12.65 84-138 -0.18  .856
AQ 34.93 6.72 21-48 18.64 5.95 5-29 -9.22 <.001
ADOS-2 9.78 3.42 3-17 n/a n/a n/a n/a n/a

Note. FSIQ =1full scale 1Q, VIQ = verbal 1Q, PIQ = performance 1Q, AQ = Autism Spectrum

Quotient, ADOS-2 = Autism Diagnostic Observation Schedule, Second Edition
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Table 2
Means (M) and Standard Deviations (SD) of Reaction Time (ms) per Diagnosis and Target

Presentation Level

ASD (n=27) NT (n=25)
M SD M SD
Congruent 723.45 373.49 687.75 288.17
Global 838.33 423.15 784.82 321.65
Local 930.87 433.46 861.93 304.72

Note. The average scores for each condition are presented here. For subsequent analyses, log-

transformed data were used.



