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Lay summary
Navigating an environment is difficult for peopletivASD independent of whether they are
travelling in the same or in a different directivam that which they originally studied. The
present study suggests that flexibility in altemmgt travel directions, difficulties in
remembering landmarks as well as reduced attetgitandmarks while learning a route play
a role in the navigation difficulties in ASD. Guitze at route learning might help autistic

individuals to improve their ability to navigatetimeir environments.
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Abstract

To resolve some of the inconsistencies in existesgarch into spatial navigation in Autism
Spectrum Disorder (ASD), we tested two large aget ability-matched groups of ASD and
typically developing (TD) participants for theiral navigation abilities in a route learning
task, which has been shown to shed light on thategies participants employ when
navigating complex environments. Participants gdda route through a virtual maze by
watching a short video of a first-person perspechavigating a maze. The maze included
four four-way intersections that were each markét two unique landmarks in two corners
of the intersection. At test, static images of ithtersections, either as seen during the video
or as approached from a different direction, wees@nted and participants had to indicate in
which direction they would need to travel (strajgleft or right) in order to follow the
originally studied route. On both types of tesalsj the ASD group performed worse and
their difficulties were related to reduced cogretilexibility. Eye-movement data and follow-
up item-memory tests suggested that navigationicdiffes may have been related to
differences in attention during encoding and lggsntaneous use of landmarks as cues for
navigation. Spatial navigation performance was pestliicted by memory for landmarks as
well as by executive functions. The results arewsed in relation to theories of underlying
navigation-related brain regions. More researcimaeded to disentangle the influence of

executive functions, memory and attention on spagsigation.

Keywords: spatial navigation, autism, memory, executive fiom; task support, eye

movements
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Introduction

Individuals with an Autism Spectrum Disorder (AS&how difficulties in interactions
and communication with others, as well as resuli@ed repetitive behaviours, interests and
activities (American Psychiatric Association, 201B) addition, ASD is associated with a
characteristic profile of strengths and difficudti@cross various domains of cognition,
including memory (Boucher & Bowler, 2008; Boucheémak, 2012; Bowler et al., 2011) and
executive functions (Hill, 2004a & b). These donsairave attracted considerable attention in
ASD because they can shed light on the aetiologg3iD by analogy with other groups of
individuals, such as patients with amnesia (BoudaéiNarrington, 1976) or frontal lobe
damage (Minshew et al., 1992) or typically devehgpolder adults (TD OA; ageing analogy
- Bowler, 2007), and because impairments in menmag/or executive functions have
consequences for an individual’'s adaptive functiongheir own right (e.g., Gilotty et al.,
2002; Henry et al., 2014; Jones et al., 2011; Ramtral., 2014; Williams et al., 2014). The
present paper aims to address some unresolvedaqngesbncerning the interacting effects of
memory and executive difficulties in a functionadngain that remains relatively under-
researched in ASD - spatial navigation.

Two different forms of navigation are of interest the context of this study.
Egocentricnavigation describes navigation where the routensoded in relation to the
navigator's own body or point of view (Hartley ét 2004) and is regulated through the
caudate nucleus (Bohbot et al.,, 2004). In contradipcentric navigation operates
independently of a single viewpoint and requires fttrmation of an abstract cognitive map
of the environment in which the relationships amévgations and landmarks are encoded
(Bohbot et al., 2004). Neuroimaging studies pomthe importance of the (right) human
hippocampus for allocentric navigation (Bohbot et 2004) and studies in humans with

medial temporal lobe lesions show impairments limcahtric navigation leaving performance
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on an egocentric condition intact (Feigenbaum & W40r2004; Goodrich-Hunsaker et al.,
2010).

There are different conceptualizations of memoffiadilties in ASD, all leading to
the prediction that allocentric navigation shouddilmpaired in particular in ASD individuals.
For example, theelational binding accoun{Bowler et al., 2011) suggests that similar to
other forms of relational memory, such as memoryttie spatio-temporal context of an item
presentation (e.g. Bennetto et al.,, 1996; Bighanalet2010; Bowler et al., 2004, 2014;
Cooper et al.,, 20159linshew & Goldstein, 1993Poirier et al., 2011; Ring et al., 2015,
2016) allocentric navigation involves associating difiet elements (or items) of information
and should, therefore, pose particular difficultfes individuals with ASD. In addition,
relational memory processes are thought to be stgabby the hippocampus, which has also
been shown to support successful spatial navig#tiamugh the environment (Burgess et al.,
2002; Eichenbaum, 2004; Opitz, 2010).

A parallel view would suggest that allocentric rgation involves the processing of
complex information and should, therefore, posdiqdar difficulties for ASD individuals
because of a relation to executive dysfunction @ew et al., 1992; Minshew et al., 1994;
Minshew et al., 1995; Minshew & Goldstein, 1998; IN&ms et al., 2015). Particular
difficulties in executive functions in ASD have Ipeeeported previously in planning tasks
(e.g. Hughes et al., 1994; Robinson et al., 2008) tasks assessing mental flexibility (e.g.
Rumsey & Hamburger, 1988, 1990; Hughes et al., 192énoff et al., 2004).

Finally, as a combination of both of these accotimsageing analogy suggests that
there might be parallel between ASD individualsgeiive functions and that of TD OA
(Bowler, 2007), who have recently presented pdsdrcdifficulties in allocentric navigation
(Wiener et al., 2012), in flexibly switching betwedifferent navigation strategies (Harris et

al., 2012), as well as a bias towards the use otegric extra-hippocampal navigation
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strategies (Wiener et al., 2013). Overall, irrespecof whether memory difficulties in ASD
are conceptualised as an impairment of relatioraiory processes (implicating primarily
hippocampal processes) and/or executive functiongliCating primarily frontal lobe
processes), the prediction is that ASD individuakperience disproportionate difficulties
with allocentric navigation.

The results of the few previous studies that hawestigated spatial navigation in
ASD, however, report mixed findings. Some studiesnfl no differences between groups
(Edgin & Pennington, 2005; Caron et al., 2004), s@tudies found an overall navigational
deficit in ASD independent of whether condition®lped allocentric or egocentric skills
(Lind et al., 2013), and a few studies found spea@flocentric navigational difficulties as
predicted (Prior & Hoffmann, 1990; Lind et al., 201Ring et al., under revised review).
Only three of these earlier studies compared allivimeand egocentric conditions within one
study (Lind et al., 2013, 2014; Ring et al., sulbad). Since executive functions have been
found to play an important role in spatial navigati(Moffat et al., 2007), they may be a
relevant factor in explaining some of the incoreisies found in previous spatial navigation
studies in ASD.

Indeed, when looking at memory in ASD, Maister let(2013) found that executive
functions were related to reduced autobiograpmoaiory in that only ASD children with
poor set shifting abilities reported fewer episodétails in their autobiographical memories,
whereas ASD children with good set shifting alsbtiperformed similarly to TD children. In
addition,Goddard et al. (2014) reported that set shiftingtegs were a significant predictor
for autobiographical memory, again showing that autpaiphical memorylifficulties may
at least in part be corollary of executive dysfimttrather than memory problems per se.

The current study investigates the effects of etteedunctions on spatial navigation

in ASD individuals more closely by using a routarl@ng paradigm previously developed
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for the use InNTD OA (Wiener et al., 2013) systematically compgriallocentric and
egocentric spatial navigation and by additionallyasuring executive functions by means of
the Intradimensional/Extradimensional (IED) shdsk from the CANTAB. In the current
navigation paradigm, participants were asked tdysturoute through a maze including four
four-way intersections, each of which marked witlo tpictures of animals that served as
landmarks for navigation. At test, participants evgresented with static images of the
intersections asking them to indicate the origtreatel direction. Importantly, egocentric and
allocentric trials presented here, differed onlyha way the images of the intersections were
presented to the participant, i.e. as being appexhtrom the same (egocentric) or a different
direction as at study (allocentric). Further, aeptial preference for extra-hippocampal
egocentric navigation strategies by the ASD indiald was tested. Finally, to gain some
additional information about attentional processesng task performance, participants’ eye
movements were measured throughout the task and memory (i.e. memory for the
landmarks that typically guide navigation) was ewsed after the navigation task. We
predicted specific difficulties with allocentric vigation for ASD participants, a preference
for egocentric navigation strategies, and executinetion difficulties that may play a role in

the navigation difficulties in ASD individuals femoth types of navigation.

Methods
Participants

Thirty-seven ASD (30 meriMage = 42.61 years, age range: 26-64 years) and 31 TD
(25 men,Mage = 40.71 years, age range: 21-64 years) adults metehed on gendeXx? =
0.00, p = .96, chronological age (CA), Verbal (VIQ), Perfance (PIQ) and Full-scale
Intelligence Quotient (FIQ) as measured by thedthadition of the Wechsler Adult

Intelligence Scale (WAIS-IH*; The Psychological Corporation, 2000; see Table 1)
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Individuals were selected from a panel of partioigawith whom the Autism Research
Group at City, University of London is in regulaontact. All participants were native
English speakers and ASD compared to TD individehtsved significantly higher scores on
the AQ (Baron-Cohen et al., 2001; Table 1). All idividuals scored below, and all except
five individuals with ASD scored above 26 on the ,A@hich is suggested as a sensitive cut-
off value when using the AQ for screening purpg¥&sodbury-Smith et al., 2005). All ASD
participants had been diagnosed by experiencettielns according to DSM-IV-TR criteria
(American Psychiatric Association, 2000) and 32vidials were available to complete the
Autism Diagnostic Observation Schedule (ADOS; Lozt al., 1989) carried out by
individuals trained to research reliability stargkaron this instrument. Out of these 32
individuals, eight scored just below the total ADQ@8t-off score. None of the ASD
participants scored below threshold on ADOS and A participants were nevertheless
included in the sample since all had received r@aal diagnosis of an ASD, which was our
main inclusion criterion. TD individuals were inded in the study if they did not report a
personal or family history of a psychological orureevelopmental disorder or taking
psychotropic medication. All participants were rbursed for their time and travel expenses
according to standard university fees. This studys vapproved by City, University of
London’s ethics committee (hame: Route learning rande retracing in adults with Autism
Spectrum Disorders; approval number: PSYETH(UPTB®13 43), and the procedures used

adhere to the guidelines set out by the BritisicRslpgical Society.
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Table 1.Descriptive statistics for autism spectrum disor@&ED) and typically developing

(TD) individuals.

ASD (30m, 7f)  TD (25m, 6f) Cohen'
Measure M SD M SD t(66) p d Cl
Age (years) 42.61 125 40.71 138 060 .55 0.140.33,0.62
VIQ? 111 16.1 115 142 092 .36 0.22 -0.26,0.70
PIQ® 107 16.2 110 12.8 0.74 .46 0.18 -0.30,0.66
FIQ® 110 16.2 114 13.7 0.87 .39 0.21 -0.27,0.69
AQ" 33.51 6.7 1358 56 1322 .00 3.22 2.47,3.90
ADOS-C' 277 (1-6) 1.4

ADOS-RSI 6.03 (1-13) 2.9
ADOS-Total" 8.63(3-17) 3.5
ADOS-Im' 1.19 (0-2) 0.7

ADOS-SB 1.38 (0-5) 1.2

Note.®Verbal IQ (WAIS-III’Y). "Performance 1Q (WAIS-IHY). °Full-scale 1Q (WAIS-IIPX).
dAQ- Autism-Spectrum QuotienfADOS- Communication subscal®ADOS- Reciprocal
Social Interaction subscale?ADOS Total score- Communication+Reciprocal Social
Interaction."ADOS- Imagination/ Creativity subscal&DOS- Stereotyped Behaviours and

Restricted Interests. ADOS scores range in brackets

Materials

A virtual environment displaying a tunnel boundgddsown brick walls to the right
and left and a grey floor and ceiling programmed/irard 3.0 was adapted from Wiener et
al. (2013). In a 38-second video, participants wpassively transported along a route

through the environment turning either right ot laf each of four, four-way intersections,
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each marked with two pictures of animals (e.g. dowgke, panda), serving as landmarks
hanging from the ceiling of the maze in two opp®sibrners of the intersection (see Figure 1
top left for a schematic drawing of the route).tédt, participants saw twelve static images of
the intersections in random order, with some ietiens shown from the same direction of
travel as encountered during study whilst othersevatown from a different direction of
travel. Same and different direction images coudddistinguished only in terms of the
positions of the animal landmarks marking the seetions (see Figure 1 for examples).
Different direction images never presented thergsatetion as coming from the direction in
which the training route continued. For examplethe original route Intersection 1 was
marked with the picture of a dog in the near rigatd corner and the picture of a butterfly in
the far left-hand corner of the intersection amsieem the participants’ direction of travel.
The same arrangement was presented for a saméatirétal. The two different direction
trials either presented the dog picture in the mefarand the butterfly in the far right-hand
corner of the intersection or the butterfly in thear right-hand corner and the dog in the far

left-hand corner.

11
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Figure 1. Top left: schematic drawing of the route includitige two landmarks at each

intersection. Top middle: the first intersectiomves as an example to display the directions
of different direction trials. The arrows indicatee other two directions from which the
intersections are approached in different directitads. The black line displaying the route
shows the directions for same direction trials. Tight: a schematic drawing of the empty
map used for the cued recall route and item tdiaviong the navigation test procedure.
Bottom: Example of test images from the first istmtion. Bottom left: same direction test
image of the first intersection. The correct answeuld be to turn left at this intersection.
Bottom middle: different direction test trial corgirfrom the right (dashed arrow in top
middle image). The correct answer would be to cmmistraight on. Bottom right: different
direction test image coming from the opposite dicgc(dotted arrow in top middle image).

The correct answer would be to turn right.

12
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To measure the extent to which possible inflexigigponses on the navigation task
may be related to difficulties with executive fuoais, cognitive flexibility was tested using
the IED from the Cambridge Neuropsychological Test AutadaBattery (CANTAB). This
task presented participants with pairs of pink slsagnd white lines on top and measured rule
learning based on reward and rule changes. Pamitspresponse perseveration at Stage 8,
presenting the extradimensional shift, i.e. a shifteward from the pink shapes to the white
lines, was of particular interest. The number ofets participants continued to choose the
pink shapes over the white lines because they hedqusly been correct and rewarded
(perseverative mistakes) was measured. The IEDbbas shown to be sensitive to frontal
lobe damage (Owen et al., 1993), and ASD indivisiuahve previously shown more
perseverative errors on the extradimensional shifte task (Hughes et al., 1994; Ozonoff et
al., 2004), making the IED a good control task.yO8% ASD (29 menMage = 43.00 years,
age range: 26-64 years) and 25 TD (21 nMg. = 42.68 years, age range: 21-64 years)
individuals were available for the task, who wedrewever, still matched in terms of gender,
X?=0.12,p = .73, CA, VIQ, PIQ and FlQtmax < 0.33,pmin> .74, Cohen'Slnax< 0.09, 95%

Clmax(-0.43, 0.59).

Procedure

In a practice task, participants studied twice dewi presenting a virtual route
including two four-way intersections and were thgmesented with one same and one
different direction trial at test. Participants ea@d corrective feedback and more practice if
needed and were given the chance to ask queslibasnain experiment was then presented
in Tobii studio version 3.1.6 and a Tobii TX300 setred eye movements during study and
test with a sampling rate of 240 Hz. Each study tesd phase started with a five-point

calibration procedure, thus allowing participardsréadjust their seating position and take

13
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breaks between blocks. Participants took part xnssudy-test blocks. Each study block
presented them with the same virtual route thdtided four, four-way intersections at which
the route turned either right or left. During edelt the same 12 static images (4 same, 8
different direction images) of the intersectionsrevg@resented in a new random order.
Participants were told that the test images shdawednhtersections they had travelled through
in the video but that some of them would now bespnéed as if approached from another
direction (although never from the opposite dir@etso that no U-turns would be required).
Participants were told that their task would béntticate in which direction they would need
to travel to follow the original route they haddied. The test images remained on the screen
until participants gave a verbal response afterctvithe next trial started. No feedback was
provided at test.

After the last test block, free and cued recaltstésllowed. First, participants were
asked to name all the animals they could rememhertlze experimenter noted down their
answers. Next, participants were asked to com@etempty map (see Figure 1 top right)
with the route they had studied, starting at anvanpointing in the direction of travel and to
label the empty boxes placed at the corners ointieesections with the names of the animals

they had seen as the landmarks.

Scoring

Two behavioural measures were calculated from #@. dParticipants’ responses
were scored as a percentage of correct trials doh élock to obtain aaccuracy score
Strategy scoresvere derived from participants’ responses on tivtéhe different direction
trials for each block. These trials were the sapreelvery participant. Only on these two
trials, each of the three directions corresponded tdifferent strategy as explained with

reference to Figure 2.

14
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Associative cue- “turn left at Aor B”

»

e > Beacon- “turn towards B* Start
- Configuration- relation between goal and landmarks

Figure 2 Schematic drawing to display the three differettategies for the different
direction trials that distinguish between all thetategies and the directions that follow these

strategies.

When looking at Figure 2, at study the first ingetson was marked by Landmark A
in the near right-hand corner and Landmark B inférdeft-hand corner of the intersection,
the intersection was approached from the fronty(greow) and the route turned left. In the
different directiontrial presented at test, the same intersectionneasapproached from the
right in relation to the original travel directigblack arrow) and was marked with Landmark
A in the near left-hand corner and Landmark B mfiér right-hand corner of the intersection
(see Figure 1 bottom middle for the actual imadéging a Configuration strategythe
participant would have encoded the original relatop between the two landmarks and the
travel direction and would give the correct anstego straight at this intersection following
the original travel direction. If a participant dsenly one of the landmarks as a cue, for

example turn left at Landmark A or B, the answemldobe to turn left (dotted arrow),

15
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leading to an incorrect answer and a score foAsgsociative Cue strategi third possibility
is that the participant used one of the landmaska &eacon making them turn away from
Landmark A or turn towards Landmark B leading tagat turn (dashed arrow), an incorrect

answer and a score for tBeacon strategy

Eye movements

Eye movements were measured at study, i.e. whilgcypants were watching the
route video (encoding). Fixations were definedaastimg a minimum of 100ms (Hannula et
al., 2007) and we inspected total fixation duratfpe. sum of the duration of all fixations)
and number of fixations on the front animal (AO&hd the landmark animal presented at the
back of the intersection (AOI2) at encoding asaptd using Tobii studio version 3.3.0. For
follow-up analyses, we defined three additional aQépresenting the three directions
participants could choose to inspect if potentidfecences between groups in fixation
number and duration on the landmarks may have tedated to the fact that one group may
have spent longer time/more fixations inspecting ohthe travel directions. Five ASD and 3
TD individuals were excluded from the final eye-rament analyses as the Tobii software
revealed that the validity of their data was bel@% on more than three blocks. Therefore,
the final sample for eye-movement data consiste820ASD (27 menMage = 40.72 years,
age range: 26-64 years) and 28 TD (23 nMg. = 41.54 years, age range: 21-64 years)
individuals, still matched on gend9(2,= 0.05,p = .82, CA, VIQ, PIQ and FIQyax < 0.90,

Pmin> .37, Cohen’slnax< 0.24, 95% Glal(-0.28, 0.74).

Results
The data were analysed with Chi-Squared tests fomimal data, bivariate

correlations, linear regression analyses, indepgnsi@mples t-tests and repeated measures
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ANOVAs. Greenhouse Geisser correction (GGC) wasl ugeen the Sphericity assumption
was violated and Bonferroni corrected post-hocstegere applied in case of significant
differences. The level of significance was setO® and Cohen’sl and partial Eta-Squared

are reported as effect size measures.

Behavioural data
Accuracy

The data, presented in Figure 3, were analysedav&t{Group [ASD, TD]) x 2 (Trial
type [egocentric, allocentric]) x 6 (Block [1, 2, 8, 5, 6]) repeated measures ANOVA. A
main effect ofGroup, F(1,66) = 5.35,p < .05, Cohen’'sd = 0.56, 95% CI(0.07, 1.04),
indicated higher accuracy for the TD compared @ABD group. Significant main effects of
Trial type F(1,66) = 136.55p < .0001, Cohen'sl = 1.49, 95% CI(1.11, 1.86), aBlock
F(3.53,232.66) = 10.06) < .0001,11p2 = .13, GGC, showed higher accuracy for egocentric
compared to allocentric trials, and a gradual iaseein accuracy from Blocks 1 to 6. No
interactions were significanEmax < 1.76, Prmin > .14,np2max< .03, suggesting that the ASD
group experienced similar difficulties in alloceatand egocentric navigation vis-a-vis the

comparison group.
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Figure 3. Accuracy for the two groups for same (egocentaod different direction

(allocentric) trials for the six blocks of the exipeent.

Strategy

Strategy scores are presented in Figure 4 and amaysed with three separate 2
(Group [ASD, TD]) x 6 (Block [1, 2, 3, 4, 5, 6]) peated measures ANOVAs. For the
Associative Custrategy a non-significant trend of a Group x Block intgran, F(5,330) =
191,p= .09,np2 = .03, was found. No main effects were signific&t.x < 1.38,pmin > .24,
npzmax< .03. For theBeaconandConfiguration strategieshowever, significant main effects
of Blockgeacon F(4.24,279.61) = 6.68p < .0001,7m,° = .09, GGC, and Blo@sniguration
F(3.78,249.69) = 9.19 < .OOOl,np2 =.12, GGC, showed a decrease in the use @d¢heon
and an increase in the use of enfigurationstrategyfrom Blocks 1 to 6. No other main

effects or interactions were significaRtyax < 1.46,Pmin> .23,Mp max< .03.
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Figure 4 Strategy use for TD (top left) and ASD (top rightoups for the different direction
(allocentric) trials that distinguish between theee strategies (associative cue, beacon and

configuration) for the six blocks of the experiment

Eye-movement data
Encoding (fixations on landmarks, while studying tke route)
The data, presented in Table 2, were analysed 2v{fBroup [ASD, TD]) x 2 (AOI

[AOIL, AOI2]) x 6 (Block [1, 2, 3, 4, 5, 6]) repest measures ANOVASs.

Total Fixation Duration

A significant main effect oGroup, F(1,58) = 5.90p < .05, Cohen’sl = 0.63, 95%
C1(0.10, 1.14), showed that TD as opposed to AS@ividuals fixated longer on the
landmark animals while watching the video. In addif both groups fixated the animal

presented at the back of the intersection (AOI2)Iémger than the front animal (AOI1),
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F(1,58) = 4.92p < .05, Cohen’'sl = 0.25, 95% CI(-0.11, 0.61). It is worth noting&ethat
both landmarks were presented for similar time tloma. No interactions were significant,
Frnax < 1.87,Pmin> .10, max< .04.

When running follow-up tests to inspect if ASD caamgd to TD individuals looked
longer at the three different directions, no sigaint between-group differences were found,

Fmax< 1.2,pmin> .33,np2max< 02

Number of Fixations

Similarly to fixation durations, significant mairffects of Group, F(1,58) = 5.48p <
.05, Cohen’dd = 0.61, 95% CI (0.08, 1.12), ak®DI, F(1,58) = 9.38p < .01, Cohen'sl =
0.32, 95% CI(-0.04, 0.68), showed more fixationsttma landmarks for the TD compared to
the ASD group and fewer fixations on the front (Aptompared to the back animal (AOI2)
overall. No main effect of Block or interactions neesignificant,Fmax < 1.35, pmin > .24,

npzmax< 03
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Table 2.Total fixation duration and number of fixations thg encoding for the two groups

on the two landmarks presented at each interseationg the route - AOI1 (front object) and

AOI2 (back object) across the six experimental kdoc

ASD (27m, 5f) TD (23m, 5f)
AOI1 AOI2 AOI1 AOI2
Measure M (SD) M (SD) M (SD) M (SD)
Total Fixation Duration in s
Block 1 8.72(3.80)  10.27 (4.91) 10.33(2.67) 11.57 (3.59)
2 8.42 (3.64) 9.79 (4.03)  10.17 (2.66)  10.55 (3.29)
3 8.21 (3.37) 9.18 (4.05) 9.92 (2.93) 10.16 (3.06)
4 7.91 (3.54) 8.70 (4.06)  10.60(2.83)  10.78 (3.10)
5 8.03 (4.04) 8.92 (4.25)  10.24(3.38) 11.11 (3.76)
6 8.66 (4.38) 8.58 (4.32) 9.77 (3.45) 10.69 (3.20)
Number of Fixations
Block 1 29.13 (12.24) 33.78 (15.14) 33.68(7.48) 37.7911L.
2 29.56 (9.92) 34.03(13.08) 34.46 (7.04) 36.54 @p.5
3 29.41 (9.66) 32.75(13.25) 35.00(10.46) 36.71611.
4 27.69(9.82) 30.47 (13.01) 36.32(9.17) 37.75(@R.9
5 27.91 (14.01) 31.13 (14.58) 33.89(13.76) 39.5452p
6 30.06 (14.92) 29.38 (14.53) 31.75(9.42) 36.43@3).

Free and cued recall item-memory

The TD group recalled significantly more animalartiihe ASD group in fre¢(66) =

2.70,p < .01, Cohen’sl = 0.66, 95% CI(0.16, 1.14), and cued recall taff) = 2.33p <

.05, Cohen’sd = 0.57, 95% CI(0.07, 1.05). TD participants alsad tbetter recall of the

21



Running title: Same vs different direction navigatin ASD

animals' positions along the rout5.99) = 1.97p = .05, Cohen’sl = 0.47, 95% CI(-0.02,
0.95), compared to the ASD group. There were, hewero significant between-group
differences in the recall of turns along the rowteen cued with the map(66) = 0.98,p =

.33, Cohen'sl = 0.24, 95% CI(-0.24, 0.72); see Tablé 3).

Table 3.Means (M) and Standard deviations (SD) for free andd recall item tests for

autism spectrum disorder (ASD) and typically depielg (TD) individuals.

ASD (30m, 7f) TD (25m, 6f)
M (SD) M (SD)

Free recall test
Animals (out of 8) 0.72 (0.18) 0.82 (0.14)
Cued recall
Turns along the route (out of 4) 0.90 (0.25) 0049
Animals (out of 8) 0.71 (0.18) 0.80 (0.13)
Animal positions (out of number of animals) 0.573@) 0.74 (0.32)

Executive Functions
ASD M = 11.67,SD = 11.15) compared to TD individualM (= 5.76,SD = 7.14)
showed significantly more perseverative errors tag& 8 of the IED from the CANTAB,

t(58.70) = 2.52p < .05, Cohen’sl = 0.61, 95% CI(0.08, 1.12).

* Inspecting the data presented below only for 1eASD individuals and 25 TD individuals that too#rpin
the IED from the CANTAB, the directions of the effe stayed the same. However, the main effectamigin
the accuracy analysis as well as the differeneeemory for animal positionp (= .14) missed significance €
.108), which could be caused by the reduced sasimpde
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Relations between spatial navigation, item memoryral executive functions

To Iinvestigate the relations between spatial raiog, eye-movement data,
performance on item and executive functions tests,ran bivariate correlation analyses.
Table 4 shows only non-significant correlationsofall effect size between fixation duration
and number of fixations on the landmark animaleratoding and allocentric or egocentric
navigation performance. However, there were pasitorrelations between memory for
animals and allocentric navigation of medium (ASBup) to large (TD group) effect size,
which were significant in the TD group and for bgttoups in total, indicating that the better
participants remembered the animal landmarks, #t¢etbthey performed on allocentric
navigation trials. Correlations between item memang egocentric navigation were only
small and not significant. There were also negatmeelations between perseverative errors
on the IED and egocentric navigation, which weralsm the ASD and large and significant
in the TD group and for both groups in total. Negatcorrelations between perseverative
errors on the IED and allocentric navigation werediam sized for both groups and
(marginally) significant, indicating the more perseative errors participants made, the worse
their overall navigation performance was.

We then investigated the predictive value of iteemmry and executive functions as
well as interaction terms of these factors withugrdor spatial navigation performance.
When entering these variables into a multiple linegression using the forward method to
predict allocentric navigation, the best model Bigantly explained 21.3% of total variance,
R? = .21,F(2,58) = 7.84p < .01, and includegerseverative errorg = -.30, 95% CI(-0.01, -
0.00),p < .05, as well asued recall for animalsp = .28, 95% CI(0.04, 0.58p < .05, as
significant predictors. The best model to predgaentric navigation significantly explained
11.8% of total variance, R= .12, F(1,59) = 7.89,p < .01, and it includegberseverative

errors as the only significant predictgt,= -.34, 95% CI(-0.01, -0.00p,< .01.
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Table 4. Bivariate correlations between navigation performanon egocentric and
allocentric trials, fixation duration and total nurar of fixations on the landmark animals at
encoding, item memory for the landmark animals gdiaalong the route and perseverative
errors on the IED of the CANTAB as a measure otwxee functions for individuals with

autism spectrum disorder (ASD) and typical devekmun(TD).

ASD TD ASD TD Total Total
Egd®  Egd® z(P)°®  Allo®  Alo® z (p)° Eg®  Allo®
Total .02 10 0.28 -.02 -.20 -0.68 11 .00
Fix“ (.89)  (.62) (.39) (.93)  (.31) (.25) (.39)  (.99)
Fix .05 18 0.47 -.03 -.05 -0.07 15 .04

Countt (76) (36)  (.32)  (86) (.80)  (47)  (23) (.75
Free 28 09 -1.46 .32 .07 -1.03 23 28*

recall  (10)  (.64)  (07)  (06)  (72)  (15)  (.06)

Cued 23 00 -091 .28  .53*  1.20 21 41

recall  (18)  (.99)  (.18)  (.09) (11)  (.08)

IED' 22 -60%  -1.72  -33  -42%  -0.40 -34* - 3g*
(.21) (04)  (.05) (.34)

Note ®Accuracy for egocentric/same direction triafé\ccuracy for allocentric/different
direction trials.“Significane of the difference between the corretatioefficients for the two
groups.dTotal fixation duration on the landmark animalseatcoding.®Total number of
fixations on the landmark animals at encodiRgrseverative errors at the extradimensional
shift Stage 8 of the IED of the CANTAB. **signifiadatp < .01. *significant ap < .05. For

all other correlationgy-level in brackets.
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Discussion

The aim of this study was to systematically comiecentric and egocentric spatial
navigation using a task that offers the same le¥&omplexity for both conditions and has
been used previously in the TD ageing populatios.well as navigational accuracy, we
investigated whether participants showed a preterdar a certain navigational strategy. In
addition, the role of attention (as measured thhoege movements) during encoding,
executive functions (measured through the IED frima CANTAB) and memory for
landmarks was investigated.

Contrary to predictions of a specific allocentrevigation deficit in ASD, ASD adults
showed difficulties in same and different directioials in this study. . There are two factors
that may be able to explain the discrepancies sult® for the current and past navigation
studies. First, previous studies that used a \igoal environment, where participants were
asked to find a hidden platform in a computer-bagesion of the Morris Water Maze
(Edgin & Pennington, 2005; Ring et al., under redligeview) presented the navigation
environment in an aerial view, which may have mimdeformation of an abstract navigation
map easier. These tests are, therefore, lesstieahsterms of the real life navigation
requirements than 3-D environments. Such an envient is the island navigation task used
by Lind et al. (2013, 2014), where participants evasked to find target objects that were
initially marked by clearly visible flags and thérdden to probe memory dependant spatial
navigation. Lind et al. (2013, 2014) observed thagroup of ASD participants were less
effective at finding the hidden objects despiteihgwno difficulties reaching them when they
were initially marked by the clearly visible flag&lthough this study demonstrated
navigation difficulties in ASD, the design of thmaradigm does not clearly distinguish
between egocentric and allocentric contributions performance. While participants

navigated their way toward the flags initially tod the objects, they did not have to rely
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extensively on memory but simply navigate toware Wmsible goal. And when the objects
were subsequently hidden, participants might halied on a combination of egocentric and
allocentric memory at different points in the rautbey took. The current findings, therefore
build on studies such as those by Lind et al., 82Glggesting that both egocentric and
allocentric spatial navigation might pose difficedt for individuals with ASD in ecologically
valid virtual environments, possibly due to diffites with executive functions and/or the
effective control of attention during route leampi(see below for further discussion). Also,
contrary to predictions, ASD individuals did nobgha specific preference for an egocentric
navigation strategy similar to TD OA (see Wienerakt 2013). However, as the task
continued, ASD individuals showed a tendency forirammeased use of the associative cue
strategy, which has been reported to depend om begions outside the hippocampus, i.e.
the striatum (Featherstone & McDonald, 2005). Ipassible that the fronto-hippocampal
system is not as severely affected in ASD as ihiFD OA. However, what might also
explain the difference in strategy-use between A&fividuals and TD OA is the fact that
Wiener et al. (2013) only screened their partictpdar mild cognitive impairments resulting
from ageing but did not match their participants amgnitive ability, whereas our TD and
ASD groups were well-matched on age and cognitbigias.

There are two likely explanations for these swsipg results. First, from a memory
point of view, difficulties in spatial navigatioregormance can occur because of relational
binding processes that are inherent in this pdaiaoavigation task (Rubin et al., 2014) and
which are particularly difficult for ASD individual (Bowler et al., 2011). Future studies
should use a specific measure of relational bindisgecially binary — the relation between
two items or an item and its context (Halford, 192and ternary relations — associations
among three pieces of information — to establistirtispecific role in the navigation

difficulties in ASD reported in this paper.
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A second explanation is related to increased peragon in the ASD group in the
current study which together with the counterbadah@resentation of allocentric and
egocentric trials may have had a knock-on effect@acentric trials, decreasing performance
overall for the ASD group. The notion of decreasegnitive flexibility is in line with
previous research on the topic (Dichter et al. 2®ughes et al., 1994; Ozonoff et al., 2004;
Van Eylen et al., 2011). Indeed, when looking & thlevance of executive functions for
egocentric and allocentric navigation performamcthe current study, perseverative errors in
the IED task were a significant predictor, agairpbasizing the relevance of the influence of
executive functions in memory and navigation penfance in ASD (see Maister et al., 2013).

A third important factor to consider is attent@inencoding, as indicated by a number
of previous studies (see Cooper et al., 2017; Gaigd., 2008, 2015; Loth et al., 2011; Ring
et al., 2017). In the current study, ASD comparedD individuals looked for a significantly
shorter time and less often at the two landmarkkimg the intersections, which may in part
explain their later difficulties in remembering tlndmarks on the item tests. The use of
cues in the environment is, however, necessarystarcessful (allocentric) navigation
(Bohbot et al., 2004). It is, therefore, possibdhatt ASD individuals had difficulties in
selecting the relevant information to focus on dgrthe task, which is in fact a common
feature of the disorder (see Boucher & Warringtb®/6; Bowler et al., 1997, 2008, 2009;
Gaigg et al., 2008; Lopez & Leekam, 2003; Maistemle, 2013; Minshew & Goldstein,
2001; Minshew et al., 1997; Smith et al., 2007;é&raglusberg, 1991). Therefore, the
guestion arises whether ASD individuals' navigapenformance might be improved by the
provision of task support (Bowler et al., 1997)clswas specific instructions to encode the
landmarks and to use them as cues for navigatioaddition, explicitly telling participants
about the different pieces of information that neebfle taken into account and related to one

another might enhance task performance. Differemcélse pattern of correlations between
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groups gave a hint that the two groups might haardopmed the task differently. Whereas
ASD individuals’ egocentric and allocentric navigat performance related to cued recall to
the same extent (small effect size for both, z .24, p = .41), there was a large and
significant difference (z = - 2.23,= .01) between the correlation coefficients betweeed
recall and TD individuals’ egocentric (negative aandhall correlation) and allocentric
(positive and large correlation) navigation perfarmoe. This indicates that whereas TD
individuals were using two different processesdgocentric and allocentric navigation, ASD
individuals might have relied on the same proces®dth conditions.

It is worth noting that virtual maze paradigms aaly be simplifications of real-
world navigation demands. However, they are uskfulest and generate hypotheses. The
current paradigm for example has shown that indaisl with ASD do not spontaneously
attend to cues in the environment for maze nawgatVe would expect a similar finding in
real world navigation where cues are all around @gplending on them is vital to find the
path to the desired location. Another finding fréims study that can be transferred to real
world navigation is that difficulties occur in ASIh environments that change their
orientation rapidly. This can be the case at buegsroads that can seem disorienting. These
hypotheses should be followed up in real world gatton, e.g. by using portable eye-
tracking devises and asking participants to naeigaal roads coming from different
directions.

In a more general context, regarding potentialevlythg brain mechanisms, the
parietal lobes, the hippocampus and the PFC haea bhown to be involved in spatial
navigation (Moffat, 2009) and all three brain regavere previously reported to form part of
the default mode network underlying functions sual Theory of Mind (ToM),
autobiographical memory and episodic future thigkii®preng et al., 2008). Lind et al.

(2013) previously found support for the disturbarmafethe default network in ASD by
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reporting that difficulties in spatial navigatiorere related to problems in ToM and episodic
memory. Difficulties in perspective-taking in ASBigmilton et al., 2009; Rehfeldt et al.,
2007) may have also played a role in the diffiegdtwith different-direction trials in the
current study, as De Condappa and Wiener (201@ntlgcsuggested, but to shed more light
on these issues is a task for future research.

To conclude, the present study provides furthepstpfor the idea that adults with
ASD experience difficulties in spatial navigatioft extends previous literature by
highlighting the important roles of cognitive fléxity, item memory and attention for
successful spatial navigation. The data also ptesaedence for the task support hypothesis
as ASD individuals did not spontaneously use cuesféectively as TD individuals to
enhance their task performance. More researchedetketo disentangle the roles of executive
functions, ToM and relational binding in spatial vigation, to investigate if spatial
navigation can be improved in ASD by providing tight task support and to find out more

about the underlying brain bases of this capacity.
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