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Abstract

The visual processing of complex motion is impairedlzheimer’s disease (AD).

However, it is unclear whether these impairmentsogaised towards the motion stream or
part of a general disruption of global visual psgiag, given some reports of impaired static
form processing in AD. Here, for the first timeg wirectly compared the relative
preservation of motion and form systems in AD, Mildgnitive Impairment (MCI) and
healthy ageing, by measuring coherence threshotdsdll-established global rotational
motion and static form stimuli known to be of ecalent complexity. Our data confirm a
marked motion-processing deficit specific to soni2 gatients, and greater than any form-
processing deficit for this group. In parallel, wentified a more gradual decline in static
form recognition, with thresholds raised in MClipats and slightly further in the AD group
compared with controls. We conclude that completiom processing is more vulnerable to
decline in dementia than complex form processiegh@ps owing to greater reliance on
long-range neural connections heavily targeted Bypathology.



1. Introduction

Motion and form appear to be analysed in diffeatical systems, often equated to the
dorsal and ventral processing streams respectijgigerleider & Mishkin, 1982; Milner &
Goodale, 1995). Evidence suggests that globalomgtiocessing systems are slower to
develop and more vulnerable to disruption thandHhos processing static form (Gunn et al,
2002). For example, in a variety of developmedisbrders, motion coherence thresholds
are more affected than form coherence thresholds $@encer et al, 2000; Braddick et al,
2016), indicating that for these children, the ibtb detect coherent motion in noise is much
more impaired than the detection of equivalenictatm in noise. This has led to the idea
of “dorsal stream vulnerability” in infancy and tdhood (Braddick et al, 2003).

It is unclear whether or not motion processingesyst remain preferentially prone to
deterioration in older adults. In support of sachidea are data showing that patients with
Alzheimer’s disease (AD) have marked difficultiasmany complex motion processing tasks
(e.g. Rizzo & Nawrot, 1998; Mapstone et al, 2008yether with a growing number of
studies reporting specific motion processing defim healthy older compared with younger
adults (see review by Hutchinson et al, 2012). Elav, recent evidence has also
demonstrated age-related impairments of asped®bél form processing (e.g. Roudaia et
al, 2011; McKendrick, Weymouth & Battista, 2013)ddikewise AD patients have been
reported to have difficulties with form-relatedkagKurylo et al, 2003; Uhlhaas et al, 2008).
It is possible, therefore, that age- and AD-relatedlines occur broadly across global visual
processing mechanisms, rather than being motiocifgpeln this study, our aim was to give
a clean and simple overview of the relative preston of global motion and form
processing systems in healthy ageing, mild cogaitiwpairment (MCI) and AD, using well
established motion and form coherence stimuli ofivedent complexity (Atkinson et al,
1997; Atkinson & Braddick, 2005).

Motion and form in Alzheimer’s disease

There is now considerable evidence for deficitscamplex motion-processing tasks in AD
patients. People with AD are less able than hegaltimtrols to identify shape from motion
(Rizzo & Nawrot, 1998; Rizzo et al, 2000; Kim 201®) discriminate optic flow (Tetewsky
& Duffy, 1999; Mapstone et al, 2008, Kavcic et @ll2) and to process objects moving
incongruently with their own apparent motion (Mayst & Duffy, 2010). Imaging with
fMRI shows less activation of motion-processingaara AD patients than controls when
viewing moving 3D stimuli (Thiyagesh et al, 200@hd with EEG, a reduced amplitude of
response to motion onset (Kubova et al, 2010) angimg optic flow stimuli (Fernandez &
Duffy, 2012; Fernandez et al, 2013). Neverthelpatgents’ performance of simple motion-
related tasks such as discriminating the direadfomorizontal motion is typically more
comparable to healthy controls’ (Rizzo & Nawrot989 Tetewsky & Duffy, 1999; Rizzo et
al 2000; Mapstone et al, 2008). Many reports destrate much greater vulnerability to AD
pathology in the long cortico-cortical projectiamisvisual association cortex rather than in
primary visual cortex (Lewis et al, 1987; Hof andiMson, 1990; McKee et al, 2006; Beker
et al, 2012; Carlyle et al, 2014), perhaps leatiingpore disrupted global than local
processing (Beker et al, 2012). Taken togethesgtlpatterns suggest that lower level/local
motion processing systems may be relatively presenv AD, while higher level/global
motion systems suffer more damage.

Fewer studies have specifically examined form pssicg) in AD, despite AD patients having
been indicated to have difficulties with visual gping (Kurylo et al, 2003) and static



contour integration tasks (Uhlhaas et al, 2008)bdth of these studies, deficits varied
between individuals and those with occipital pablggl struggled most (Uhlhaas et al, 2008),
but whether this implies primarily lower level dageavhich might also have impaired
motion processing was not tested. Some studies dtdempted to compare dorsal and
ventral stream processing in dementia, with mie=aiits. Velarde et al (2012) found
independently raised thresholds for both motiorrdisination and text discrimination in

AD, suggesting damage to both streams. Other tepanrd to emphasise supposedly dorsal
stream deficits over those associated with theraestream. Nguyen, Chubb & Huff (2003)
found AD patients to be disrupted at recognisimgsius location but not stimulus identity,
suggesting dorsal-specific deficits, although tldeita were probably insensitive to more
subtle form-based difficulties. Bokde et al (201L8¢d fMRI to show that, compared with
controls, AD patients recruit additional brain areeen performing location-matching but
not face-matching tasks. Similarly, Kubova et2d110) and Sartucci et al (2010) report a
reduced amplitude of EEG response in AD patientsugecontrols to radial optic flow, and
high contrast luminance gratings reversed at hegipbral frequency (“dorsal stream”), but
not stimuli thought to represent ventral streantpssing. Overall, while form-based
impairments may occur in AD, the evidence is o$égsnagnitude and consistency than the
evidence for decline in motion systems.

Motion and form in healthy ageing

In direct contrast to the pattern for AD patiemgidence suggests that in healthy older adults
lower level motion processing mechanisms are thus#t likely to suffer some disruption.
For example, sensitivities for simple horizontahslational motion may be tuned to a
narrower range of stimulus speeds as age incr¢asddey & Andersen, 1998; Snowden &
Kavanagh 2006; Billino, Bremmer & Gegenfurtner, 208llen et al, 2010; Arena,
Hutchinson & Shimozaki, 2012). The processing ofercomplex motion signals, though,
may not necessarily show age-related deficitslinBilet al (2008) report that judgements of
radial optic flow were unimpaired, and of biolodicaotion only slightly impaired with
ageing, suggesting selective preservation of thet maologically relevant motion systems
(see Atchley & Andersen, 1998 and Allen et al, 2Gd0similar patterns). In normal ageing,
then, despite some lower level declines, there pealgaps be capacity for top-down
compensation by higher level motion mechanismsonencomplex tasks (Billino et al, 2008;
Roudaia et al, 2010), although not all reports @ageeg. Kavcic, Vaugn & Duffy, 2011).

The lower level contributors to age-related motieficits seem to include an age-impaired
ability to integrate spatial information (e.g. agsdarger displacements of dots between
frames), at least as much as problems with integyaémporal information (e.g. across
larger inter-stimulus intervals, or less frequerttiosion events) (Andersen & Ni, 2008;
Roudaia et al, 2010; Arena et al, 2012). Sincespiagial integration of local elements is also
crucial to global form judgements (Aspell, WattareB& Braddick, 2006), it is

unsurprising that recent work has demonstrated sbffegences between young and old on
many contour integration and shape perception tasieecially with dense distractors (Del
Viva & Agostini, 2007; Roudaia et al 2008, 2011120Weymouth & McKendrick 2012;
McKendrick et al, 2010; 2013). Alongside thesedolevel changes in form processing is
some evidence for preserved performance at higlvef form tasks across the lifespan, such
as perceptual learning of contour discriminatiorckdndrick & Battista, 2013; see also
Hadad, 2012), although the strategies and neunralits involved may change with age (Kuai
& Kourtzi, 2013; Mayhew & Kourtzi, 2013). The oadrpatterns of age-related change
therefore seem broadly similar for form and mosgyatems, although little evidence directly
compares the two, other than more prolonged matiset (dorsal) visual evoked potential



(VEP) latencies than pattern reversal (ventral)o&et al, 2012). The relative preservation
of the two streams in normal ageing remains a lgrgeen question.

Motion and form in Mild Cognitive Impairment

Patients with a diagnosis of MCI represent a migieip, some destined to deteriorate
further to dementia, and others with less severgnmsis, who may remain stable or even
return to full health. Amnestic MCI (aMCl) is espaly likely to progress to AD. Studying
MCI is important because being able to identify ¢aely-AD sub-group amongst them may
allow earlier diagnosis and treatment (Sperlingle2011). Nevertheless, few reports
examine MCI patients’ motion or form processingatafities, and there are mixed findings
in keeping with the heterogeneous nature of MCugso Yamasaki et al (2012a and b)
showed delayed EEG responses and reduced fMRB#otimo optic flow in MCI versus
healthy ageing, suggesting higher level motionaiksti and similarly Lemos et al (2012)
claim selective decline of higher level dorsal atnefunction in aMCl, although using a
shape-from-motion task for which the neural cotedavere untested. Both of these results
are similar to the overall reporting patterns fd@,ASuggesting early deterioration of motion-
specific systems in MCI. However, fMRI evidencsapoints at ventral stream changes in
MCI, both using face processing tasks (Bokde 2@06; Graewe et al, 2013), and in
activation patterns during location matching (Bokd@l 2008). MCI may therefore involve
more general or widespread brain changes than wibwlithin a simple dorsal stream
decline model, perhaps depending upon the extemhich early-AD versus other causes is
represented within an MCI sample.

Comparing motion and form processing

None of the previous studies which have attempiembimpare motion and form processing
in these older groups has used stimuli which fatéidirect comparison. Typically, tasks or
stimuli are tailored to preferentially activate ayreother processing stream rather than to be
equivalent across streams (e.g. Lemos et al, 208@rde et al, 2012). The data analysed for
each may be of quite different format (Lemos e2@03), from different EEG waveforms
(Kubova et al, 2010, Kuba et al, 2012), or uncaliéd in terms of task difficulty (e.g.
Nguyen et al, 2003; Velarde et al, 2012). A stiohy favour comparisons between groups
within a stream, rather than across streams (seeGilaewe et al, 2013), making it difficult
to assess whether apparently more marked deficitotion than form processing may arise
because motion tasks typically challenge globalaliprocessing mechanisms more severely
than form-processing tasks, which are often lessptex. The coherence stimuli used in the
present study, however, were specifically desigodak of equivalent complexity for motion
and form in healthy adults. They have been tested many years and demonstrated to
activate close but anatomically distinct neurahpagtys within extrastriate, parietal and
temporal cortex (Braddick et al, 2000), compatibith evolving ideas of the interconnected
networks involved in classic “dorsal” and “ventsileam” visual processing (e.g. de Haan &
Cowey, 2011). The two tasks can be performed bygroung children (Atkinson et al,
1997; Gunn et al, 2002; Atkinson & Braddick, 208Baddick et al, in press), and yield
clean, unambiguous data in the form of a singlexnaf performance for each participant —
directly comparable across tasks. Thus, the stinsgld here are ideally suited to evaluating
the relative preservation of equivalent motion &rth processing systems in older adults
who may show declining cognitive function.

Summary
In summary, here we measured coherence threstwilgsiding adults, healthy older adults,
aMClI patients and AD patients using rotational motnd concentric form stimuli, in order



to gauge the relative preservation of global mo#tind global form processing systems in
cognitively healthy and pathological ageing. Intpatly, our two tasks have been heavily
tested and demonstrated to be of equivalent diffica healthy adults, with performance
involving anatomically separate cortical pathwagsafldick et al, 2000). Previous reports
lead us to expect well preserved performance aicthiinplex motion task in healthy ageing,
but a decline in AD and perhaps also aMCI. Forcthraparable form task, we hypothesised
a similar pattern but with less severe deficitthie patient groups.

2. Method
2.1 Participants

Twenty eight patients (16 male) with a recent chiidiagnosis of probable AD according to
current guidelinesSM-IV andNINDS—ADRDA criteria (McKhann et al 1984) were
recruited from Cardiff (h=16) and Bristol (n=12) mery clinics. Half (n=14) were stable on
cholinesterase treatment at the time of testindenthe remainder were not taking any
medication likely to affect cognitive functioninghges ranged from 58 to 90 (mean 75.9, SD
7.85) years. Scores on the mini-mental state exation (MMSE) were between 16 and 26
(mean 22.3, SD 2.82), indicating mild to moderateesity of dementia. The mean pre-
morbid IQ estimated by the National Adult ReadiregsT(NART) was 109.7 (SD 10.5), and
estimated by demographic factors was 104.8 (SD).7.BBis group had completed a mean of
12.3 years’ full time education (SD 4.01).

In addition, a group of 29 patients with a diageasiaMCI - that is, individuals with

memory decline (both self reported and objectivegasured), but an intact ability to

perform activities of daily living, and an absemdalementia - was recruited (n=10 from
Cardiff and n=19 from Bristol memory clinics). Nomas taking medication that would
affect cognitive functioning. Exclusion criteriarfboth patient groups included a past history
of serious head injury, stroke or other significaaetirological or psychiatric condition. One
aMClI patient was excluded from analysis becauseoh#pleted only 4 trials of the motion
task, and two because they responded to the miatsron the basis of rotational direction
rather than which side had the moving stimulus {s@uli” below). The remaining 26 (15
male) were aged 67-90 (mean 77.7, SD 6.06) yedtts MM SE scores ranging from 18 to

28 (mean 24.8, SD 1.99). Their mean premorbid &3 astimated at 111.6 (SD 10.73) using
the NART and 107.3 (SD 10.42) from demographicnmiation, and a mean of 11.8 (SD
2.56) years’ full time education had been completed

The patient groups were compared with a group af@ghitively healthy older adults (16
male) recruited through contacts of the same merlorics. Twenty five were from the
Bristol memory clinic’s older adults’ volunteer daase and had been confirmed as
cognitively healthy by a full neuropsychologicabexination within the previous 12 months.
The remaining seven were spouses of participatatigmqts at the Cardiff memory clinic who
had been judged as healthy by the recruiting ¢linic The age range was 57 to 86 (mean
76.0, SD 7.23) years and MMSE scores were 25-3@rird€.8, SD 1.48). Mean IQ scores
estimated using the NART were 118.6 (SD 6.54) amch fdemographic data, 116.0 (SD
6.90). This group had completed a mean of 12.532B) years’ full time education.

A further group of 32 healthy young participanté (fhale) was recruited from the University
of Bristol. These were aged 18-30 (mean 20.7, SB)3/ears.



Participants completed this experiment in a tessisa of up to two hours, alongside a range
of other research tasks reported elsewhere. Afiggzants wore their usual spectacles or
contact lenses, to correct their vision for thewiregy distance required. A series of tests to
assess older participants’ corrected vision wasidezl in their session, to confirm adequate
visual capacity to complete the tasks. The AD grslaowed poorer corrected acuity than the
healthy or MCI groups (scores on the FunctionaliyoGontrast Test averaged 20/50.7 for
the AD group, compared with 20/32.0 for the aMGiwgy and 20/31.4 for the healthy
controls).

The study was conducted according to the principlése Declaration of HelsinkiChe

study was approved by Frenchay (Bristol) and S&atst Wales (Cardiff) Research Ethics
Committees, and all participants (including AD pats) gave written informed consent to
their own participation. Only people with the capato consent were included in the study
(in keeping with the requirements of the ethics pottee). Assent from family or carers was
not sought. Capacity was assessed by cliniciansa®dBJH) with specialist expertise in this
field and consistent with the requirements of thenkdl Capacity Act.

2.2 Stimuli and tasks
Equivalent stimuli were used to measure static foomerence thresholds and rotational
motion coherence thresholds. An example of thaese or the form task is illustrated in

Figure 1.

Figure 1: Examples of the form coherence stimuli,
which also illustrate the pattern of dot trajectories in the motion stimuli.

[

a) 100% coherence

The participant completed a two-alternative forchdice task, reporting which side of the
screen (left or right) showed a circular pattelwéys present). For the initial few trials,
coherence was 100% (Figure 1a) — that is, thettaegeon contained only concentrically
oriented arcs, and the circular pattern could barty seen by all participants, to familiarise
the participant with the task. Coherence was gystematically varied according to the Psi
staircase procedure (Kontsevich & Tyler, 1999)thex the circular pattern comprised fewer
than 100% of the possible concentric arcs and waswed by line segments of random
orientation (e.g. Figure 1b). The remaining ardbiw the target region, and all the arcs
elsewhere on the screen, were randomly orientddtivt same distribution of curvature as



the coherently oriented arcs. The global form @igmontained 3000 stationary arc segments,
11 min arc width x 60 min arc length.

The global motion task was visually similar butahxed dots continuously appearing,
moving and disappearing with trajectories equivialerthe line segments in figure 1 - that is,
coherent dots moved in concentric circular patht) the percentage of dots sharing this
coherent motion varying from trial to trial. Thisplay contained 3000 dots of diameter 16
min arc, moving at 5.9 deg/sec. Each dot hacktrik of 8 frames (133 msec) after which it
disappeared from the screen. Whether the cohigené in the motion stimuli rotated
clockwise or anticlockwise varied randomly fromatrio trial, but participants were
instructed to focus on the side, not the directadrmotion.

Stimuli were displayed in white on a black backgmwn either a Toshiba Tecra M4, or a
Dell Precision M4300, laptop computer viewed abmfortable distance (approximately
50cm) in a dimly lit room. The display size wasX389 deg arc and the diameter of the
coherent figure was 15 deg. Responses were gesyaNy or by pointing, and were input by
the experimenter. Stimuli were displayed untip@sse, and response latency was not
recorded.

For both tasks, coherence thresholds were estinflated30 trials of the Psi staircase where
possible. One participant in each older group deteq less than this (one AD patient
completed 18 trials of the form task; one MCI pattieompleted 20 motion trials and an older
control completed 27 motion trials); these werduded in the analysis. Each task was
completed once only with order counterbalancediwisample group. Other activities often
intervened between the two tasks reported here.

3. Results
3.1  Group profiles

Independent samples t-tests, corrected for une@ui@nces using Levene’s test where
appropriate (*) and Bonferroni corrected for the o multiple analyses (#), confirmed that
the three older groups did not differ significantlyage or years’ education. The chi-squared
test showed no significant differences betweergtbeps in gender composition. In keeping
with their diagnoses, there were significant défezes in terms of MMSE: the AD group
scored significantly lower than the other group® (¥s MCI: t(48.7*) = 3.82, p < 0.003#;

AD vs old controls: t(40.2*) = 9.13, p < 0.003#hdathe MCI group scored significantly
lower than old controls (t(54) = 6.28, p < 0.003#).

The groups were also found to differ on 1Q measuwaed visual acuity as measured by the
FACT. The AD group scored significantly more pgash the FACT than either controls
(t(37.8*) = -3.35, p = 0.006#) or MCI patients @(8*) = -3.28, p = 0.006#), although
controls and the MCI group did not differ. Theala@ontrol group was recorded as being of
significantly higher 1Q than either patient growhether using NART scores, demographic
IQ or the higher of the two (NART scores for cotgres MCI group: t(24.9*) =2.78, p =
0.060#; controls vs AD group: t(35.1*) = 3.55, ©803#). The MCI and AD groups did not
differ on the 1Q measures. The influence of thdifferences in group profiles upon any
differences in group coherence thresholds musetber be considered.



3.2 Coherence thresholds

Figure 2: Mean coherence thresholds
(error bars show standard error)
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Mean form and motion coherence thresholds for gachp are shown in Figure 2. A 2-
factor mixed Analysis of Variance using the totataj with group (4) as an independent
measure and task (2) as a repeated measure, sbgmdatant main effects of group (F(3,
114) = 15.1, p < 0.001) and task (F(1, 114) = 18.4,0.001), and, critically, a significant
interaction between the two (F(3, 114) = 4.03,(G09).

To investigate the nature of the interaction, rép@aeasures t-tests were used to assess task
differences for each group separately. For yowmrols, old controls and aMCI patients,
motion coherence thresholds did not differ sigaifity from form thresholds (young: p =

0.072; old: p = 0.330; aMClI: p = 0.624), althoughkre is no intrinsic or theoretical reason

why the thresholds for the two different tasks stidoe equal. In contrast, AD patients

showed significantly higher motion than form threlsls (t(27) = 3.02, p = 0.020#).

Considering motion coherence thresholds alonejatate ANOVA on these data

confirmed a main effect of group (F(3, 114) = 173 0.002#). Independent samples t-tests
showed no significant differences between younglthg old and aMClI patients (young vs
old: p = 0.542; old vs MCI: p = 0.480; young vs M@I= 0.188). However, motion
thresholds for the AD group were markedly highamntifior any other group (AD vs aMCl:
t(39.4*) = -3.15, p = 0.018#; AD vs old control&3%.7*) = -3.68, p = 0.006#; AD vs young:
t(32.8*) = -4.07, p < 0.006%#).

A univariate ANOVA on the form threshold data ala@ieo showed a main effect of group
(F(3, 114) = 11.0, p < 0.002#), but with more grated differences between the groups. In
independent t-tests, these did not reach signifiedretween healthy young vs old (p = 0.080)



or old vs aMCI patients (p = 0.096), but were digant for young vs aMCI groups (t(56) =
3.46, p = 0.006#). Similarly, AD patients’ fornréisholds were higher than other groups’,
but the difference between AD and aMCI groups ditdsurvive Bonferroni correction (AD
vs aMCI: (1(46.3*) = -2.18, p = 0.204#; AD vs oldrtdrols: t(58) = -3.57, p = 0.006#; AD vs
young: t(58) = -5.01, p < 0.006#).

3.3 Other factors

To clarify the possible influence of the pooremnabacuity in the AD group than the other
older groups upon the coherence threshold pattemsepeated the univariate ANOVAs but
with the FACT score as a covariate. ANOVA usingimothresholds, with older group (3)
as an independent measure and FACT score as aateyahowed the significant effect of
group (F(2,82) = 7.76, p = 0.002#) but no effecEALCT score (p = 0.717). Equivalent
analysis using form thresholds showed the effegrofip (F(2,82) = 5.48, p = 0.012#) but
again no effect of FACT score (p = 0.601).

To clarify whether premorbid intelligence may afféwe patterns, the same analysis was
conducted replacing the FACT score with the NARTsEQre as a covariate. The univariate
ANOVA using motion thresholds maintained the simaint effect of group (F(2, 66) = 5.81,
p = 0.010#) but with no effect of NART score (p £07). Using form thresholds, there was
also an effect of group (F(2, 66) = 4.17, p = 0646ut no effect of NART (p = 0.807).
Similarly, there was no significant effect of IQng demographic measures.

Independent samples t-tests revealed no signifitiféietence in either motion or form
thresholds recorded for AD patients on cholinesedrugs (ACh) compared with
unmedicated (nNACh) AD patients (mean thresholdsrfotion: ACh 30.3, nACh 33.7, p =
0.609; form: ACh 22.8, nACh 23.6, p = 0.755).

3.4 Correlations

Motion and form coherence thresholds inter-coreglatcross all groups (Pearson’s R(118) =
0.455, p < 0.001; see Figure 3). Taking healthyngpand older people together, no
significant correlation was found between motioresiold and age (p = 0.771), although
there was a marginally significant relationshipviestn form threshold and age (R(62) =
0.247, p = 0.053). Among the patient groupssigaificant Pearson’s correlation was
found between MMSE and either motion or form coheeethresholds (motion: p = 0.097,
form: p = 0.329).

Figure 3: Coherence thresholds by individual
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4. Discussion

We used a well-established methodology to measwesitolds for recognising coherent
motion and static form in AD and aMClI patients, @ared with older and younger healthy
controls. In keeping with previous reports (e.tkiAson & Braddick, 2005), the stimuli
which we used evoked coherence values which wegeliaequivalent for form and motion
tasks in healthy adult participants: form threska@ not differ from motion thresholds at a
group level for either younger or older controlgps, and the two measures intercorrelated
with a high level of significance. For patientsmaMCI, the patterns were very similar to
those for the healthy participants. For AD pasehbwever, the data show a clear elevation
of motion coherence thresholds specifically, batbomparison with their own form
thresholds, and with motion thresholds for the ptheee sample groups.

Could any factors other than disease status exfilase group differences in motion
coherence thresholds? Two possibilities were Vigaaity and premorbid 1Q, given that
both differed significantly between the older greupn particular, the AD group had poorer
corrected eyesight, as measured by the FACT, tilaer ¢he MCI or older control groups,
which exactly mirrors the pattern seen for the orotoherence thresholds. A relationship of
poorer acuity to more marked dementia symptombeady known (e.g. Cormack, Tovee &
Ballard, 2000; Elyashiv, Shabtai & Belkin, 2014)owever, since the FACT scores were
unrelated to the motion thresholds when used avariate, visual acuity seems unlikely to
be driving the motion perception differences he®amilarly, other studies have shown that
neither motion nor form thresholds measured inwayg are greatly affected by reduced
acuity, and if anything blur impairs form perceptimore than motion (Braddick et al, 2007;
Burton et al, 2015), so this would not explain therent results.

Measured intelligence also differed by group, betpattern was different for 1Q from that
for motion coherence: AD and MCI groups had equally mean IQ compared with the
controls, not just the AD group, as might be expédt IQ and motion perception were
related. Since IQ was also non-significant whesduss a covariate with the motion
thresholds, we assume that IQ did not contributbéagroup differences in motion



perception. Other demographic factors were closeliched across the older groups and
could not explain group performance differences.

4.1 Motion vs form compared

We conclude that our data show a specific deficglobal rotational motion processing in
AD patients, which is not apparent in comparabtenfprocessing systems. Thus, motion
processing deficits in AD do not reflect broad dee$ across global visual processing
mechanisms. This reinforces previous reports stggemore disruption to classic dorsal
stream functioning than ventral stream in AD (Nguwe¢ al, 2003; Sartucci et al, 2010;
Kubova et al, 2010), and explains why many mordisticlaim complex motion-related
deficits than form-related deficits in these patsenThe patterns reported here for AD are
similar to those found in developmental disordarshildhood using the same methodology
(Spencer et al, 2000; Atkinson et al, 2006), amy #ilow us to extend the concept of “dorsal
stream vulnerability” (Braddick et al, 2003) intsadrders of old age.

In addition, our data demonstrate equivalent peréoce across form and motion processing
systems in healthy ageing and also aMCI. This esigghat although vulnerable, the ability
to recognise coherent rotational motion specifycalldiminished only by quite marked
development of the disease process. Our dataasbmtith previous studies which
emphasised exaggerated motion-related over foratectideficits in healthy older and MCI
groups (Kuba et al, 2012; Lemos et al, 2012). Hmwethese reported task-specific
differences involved a temporal component, reprisgmither delayed ERP latencies (Kuba
et al, 2012) or a time-constrained task (Lemos, & 2), whereas ERP amplitudes or
performance thresholds (more comparable to our unegswere more consistent by task.
Changes in speed of processing in these older gnmay affect subtleties of how moving, as
opposed to static, stimuli are perceived — butdaia show that such temporal changes may
not simultaneously raise the threshold for ideimiythe presence of rotational motion at the
stimulus speeds used here.

4.2 Motion processing in ageing, MCI and AD compar

Our data reinforce previous reports that AD invelperformance deficits across a range of
higher level complex motion tasks (e.g. Rizzo & Matyw1998; Kim 2012), along with
weaker activation of motion processing areas (Tdega et al, 2009; Kavcic et al, 2006;
Kubova et al, 2010), compared with older contrdlsur results also support others’ claims
that performance at higher level motion processngell maintained in healthy older
compared with younger people, using rotational€Alket al, 2010) or other complex motion
stimuli (Atchley & Andersen 1998, Billino et al 28D Importantly, we also show that the
recognition of coherent rotational motion was nettiynpaired across our aMCI patient
group, although as discussed above, there maydezlyimg changes affecting subtle aspects
of motion perception within this group. Such chesigas well as differences in MCI
aetiology between samples, may have driven theedltactivation and EEG responses to
optic flow in MCI reported by Yamasaki et al (201&ad b). A key point is that there may
be a qualitative step change in the ability to ggise coherent rotational motion as AD
develops, but our MCI data suggest this is unlikelgccur early enough for tasks such as
those used here to show potential for earlier diagn

We also found the motion-specific impairment tonterked in some AD patients, but absent
in others (see figure 3), irrespective of patiefsctional abilities in other domains, since



motion thresholds were unrelated to MMSE. [Notd thra did not include Posterior Cortical
Atrophy (PCA) patients in the present study, se tluuld not explain the more extreme
impairments found here. PCA is a relatively ravadition, closely linked to AD, which
typically involves visuospatial and visuoperceptingbairments, often with underlying
abnormalities in basic visual operations relatefbton and motion processing (see Crutch et
al, 2012). PCA can lead to impaired global motiensstivity, although the presentation is
variable and in some PCA patients form coherenosoie disrupted than motion coherence
(Lehmann et al, 2011).]

Similar observations of inter-individual variabyliin motion deficits have been made by
other authors (Tetewsky & Duffy, 1999, Fernandeal &007). It seems that while brain
systems crucial to performing this motion recogmtiask may be particularly vulnerable to
AD pathology, the heterogeneity of disease progeasand of patients’ ability to tolerate
pathology according to cognitive or brain reseiSte(n, 2009), means that these specific
systems may nevertheless remain functional in npatignts.

4.3 Form processing in ageing, MCl and AD compared

The form coherence data showed a rather differateqm. The correlational data hint at a
slight increase in form coherence thresholds withiéasing age, and group comparisons
indicate further slight increases with deteriorgthealth status, reaching significance when
comparing MCI patients with young controls, or ABtients with controls of either age
group. Again, these patterns could not be exptainedifferences in visual acuity or 1Q
between the groups. This indicates a very graguanhtitative deterioration in the ability to
recognise coherent form with ageing and dement&toibut in contrast to motion
processing, no qualitative step change.

Our data fit with reports of some age-related impants at processing static form in AD
(Kurylo et al, 2003; Uhlhaas et al, 2008), but extwalise these as much less dramatic than
the comparable motion processing changes. Theslig@are also compatible with reports of
age-related deterioration in specific form-procegsiapabilities (e.g. Roudaia et al 2011,
2013; McKendrick et al, 2013), assuming that thetadies were sensitive to more subtle
changes than ours. The patterns here indicatalthaugh brain circuits involved in form
recognition tasks are subject to age- and diseslated decline, performance is generally
well preserved. Thus, in addition to a postulageshter vulnerability of global than local
visual circuitry to AD pathology (Beker et al, 2018lobal motion-related cortical systems
may be more vulnerable than the equivalent forntesys. This would fit with evidence that
neurofibrillary tangles distinctively target vergexific brain regions (e.g. Lewis et al, 1987,
Carlyle et al, 2014) and in particular the longgamonnections between early visual areas
and MT (Hof and Morrison, 1990). Possibly, toanfioprocessing may be more readily
maintained by the compensatory reorganisation ofal@etworks (see Kuai & Kourtzi,
2013; Mayhew & Kourtzi, 2013) than motion recogoriti

5. Conclusions

The data reported here demonstrate that the atwlitgcognise coherent rotational motion is
well maintained in healthy ageing and aMCI, butengdes severe qualitative disruption in
some patients with AD, unrelated to their overalidl of functioning. In contrast, the ability
to recognise coherent static form of equivalerfialifty seems to deteriorate gradually with
increasing age and disease development, with nkedahanges and with performance



reasonably well preserved in both aMCI and AD. sTpgattern reflects the much more
prevalent reporting of motion- than form-procesdileglines in AD, but remains compatible
with recent reports that subtle aspects of fornegadion may be impaired in older groups.

These data allow us to conclude that, just as mgirocessing systems are differentially
prone to disruption early in life, “dorsal streaminerability” also occurs in some AD
patients. Although growing evidence leads us testjon the extent to which dorsal and
ventral processing streams are functionally or@natally separate, the severe disruption to
the ability to recognise motion, but not form, iamy AD patients demonstrates clear
differences in the brain systems involved in periimig our two tasks. We speculate that
such disruption to motion processing systems msyltrevhen targeted pathological
deterioration in the motion-specific long-range ections of visual association cortex
reaches a critical level.
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Highlights

Different trajectories of decline for global form and global motion
processing in ageing, Mild Cognitive Impairment andAlzheimer’s disease

1) Study uniquely compares healthy/MCI/AD groups using equivalent form/motion
stimuli

2) Some AD patients show marked deficits in recognising motion coherence
3) The motion deficit hereis specific to those with an AD, not an MCI, diagnosis
4) Motion processing deficitsin AD significantly exceed the equivalent form deficits

5) Form processing also declines with ageing/AD, but more gradually than motion



