N

N

Attentional modulation of peripheral pointing
hypometria in healthy participants: An insight into
optic ataxia?

Tristan Jurkiewicz, Audrey Vialatte, Yaffa Yeshurun, Laure Pisella

» To cite this version:

Tristan Jurkiewicz, Audrey Vialatte, Yaffa Yeshurun, Laure Pisella. Attentional modulation of pe-
ripheral pointing hypometria in healthy participants: An insight into optic ataxia?. Neuropsychologia,
2025, 208, pp.109084. 10.1016/j.neuropsychologia.2025.109084 . hal-04951058

HAL Id: hal-04951058
https://hal.science/hal-04951058v1
Submitted on 17 Feb 2025

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-04951058v1
https://hal.archives-ouvertes.fr

O 00 N O

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29

Attentional modulation of peripheral pointing hypometria in

healthy participants: an insight into optic ataxia?

Tristan Jurkiewicz™?, Audrey Vialatte', Yaffa Yeshurun*?, Laure Pisella**

1: Centre de Recherche en Neurosciences de Lyon (CRNL), INSERM U1028, CNRS UMR5292, Université
Claude Bernard Lyon 1, 69500 Bron, France

2: Centre d’Exploration de la Rétine Kléber (CERK), 50 cours Franklin Roosevelt, 69006 Lyon, France

3: School of Psychological Science, University of Haifa, Haifa, Israel

*: same contribution

Corresponding author mail: tristan.jurkiewicz@inserm.fr

Phone: +33 6 84 89 39 43

Number of figures: 8 (+ 10 supplementary figures)

Number of tables: 1

Declaration of Competing Interest:

The authors have no conflicts of interest to declare.

Financial support:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.



30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

Abstract

Damage to the superior parietal lobule and intraparietal sulcus (SPL-IPS) causes optic ataxia
(OA), characterized by pathological gaze-centered hypometric pointing to targets in the
affected peripheral visual field. The SPL-IPS is also involved in covert attention. Here, we
investigated the possible link between attention and action. This study investigated the
effect of attention on pointing performance in healthy participants and two OA patients.

In invalid trials, targets appeared unpredictably across different visual fields and
eccentricities. Valid trials involved cued targets at specific locations. The first experiment
used a central cue with 75% validity, the second used a peripheral cue with 50% validity. The
effect of attention on pointing variability (noise) or time was expected as a confirmation of
cueing efficiency. Critically, if OA reflects an attentional deficit, then healthy participants, in
the invalid condition (without attention), were expected to produce the gaze-centered
hypometric pointing bias characteristic of OA.

Results revealed main effects of validity on pointing biases in all participants with central
predictive cueing, but not with peripheral low predictive cueing. This suggests that the
typical underestimation of visual eccentricity in OA (visual field effect) at least partially

results from impaired endogenous attention orientation toward the affected visual field.

Keywords: Superior parietal lobule; Intraparietal sulcus; Covert attention; Reaching; Positional

encoding; Peripheral vision; Spatial attention
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1- Introduction:

Following damage to the superior parietal lobule and intraparietal sulcus (SPL-IPS), optic
ataxia (OA) is characterised by difficulty reaching toward and grasping objects presented in
peripheral vision, whereas actions in free vision are generally accurate (Garcin et al., 1967;
Perenin & Vighetto, 1988). More precisely, unilateral OA reveals visual reaching errors
associated with a combination of hand and field effects (Perenin & Vighetto 1988; Blangero
et al.,, 2008), that are now considered distinct and dissociable components of the deficit
(Pisella et al., 2006, 2008, 2009, 2017, 2021). Reaching errors corresponding to the OA field
effect reveal pathological underestimation of the visual eccentricity of targets while reaching
toward the contralesional peripheral visual field (Blangero et al., 2010; Vindras et al., 2016).
This gaze-centered hypometric pointing is characteristic of the OA field effect and reflects
inaccurate positional encoding of the target position in oculocentric reference frame (Khan
et al., 2005a,b). Reaching errors associated with the OA hand effect most likely result from a
mislocalization of the contralesional (ataxic) hand, arising from impaired positional encoding
in oculocentric reference frame from proprioceptive information (Blangero et al., 2007;
Mikula et al 2021). Having both hand and target positions in a common oculocentric
reference frame within the SPL-IPS network allows direct visuo-manual transformation

(Buneo et al., 2005).

Jackson et al. (2009) proposed that it is the ability to simultaneously represent multiple
spatial locations that is impaired in OA patients. For example, visuospatial information about
the target and fixation object must be compared and might compete for limited processing
resources. This is reminiscent of simultanagnosia, a deficit of simultaneous visual processing

described in Balint case and present at the acute stage in bilateral OA patient |.G. (Pisella et
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al.,, 2000). This visual extinction is considered as a deficit of attention affecting visual
perception (Khan et al., 2015; Medina et al., 2020; Vialatte et al., 2021), but can also explain
an inability to de-couple reach direction from gaze direction, a phenomenon called
“magnetic misreaching” (Carey et al., 1997; Jackson et al., 2005) that was observed in
unilateral OA patient C.F. at the acute stage and evolved toward gaze-centered hypometric

pointing errors at the chronic stage.

Indeed, there has been converging evidence in recent years for the co-occurrence of
peripheral reaching deficit characteristic of OA and impairments of covert spatial attention,
leading to the view that they could be understood as part of the same anatomo-functional
deficit (Pisella et al., 2007, 2008, 2009, 2021; Striemer et al., 2007; McIntosh et al., 2011;
Martin-Arevalo et al., 2021; Knights et al., 2024; but see Striemer et al., 2009). The view that
the core function of the SPL-IPS appears to be attention and only consequently affects
“vision for action” (Pisella et al., 2013, page 319) is in line with the view that the dorsal visual
stream processes location (Holmes, 1918; Ratcliff, 1991; Ratcliff & Davies-Jones, 1972;
Ungerleider & Mishkin, 1982) and that covert attention improves spatial resolution in
peripheral vision (Yeshurun & Carrasco, 1998, 1999). This is also reminiscent of the debate
between attentional (spatial coding or “where”, Colby & Goldberg, 1999) and intentional
(motor planning or “how”, Andersen & Buneo, 2002) interpretations of the function of the

posterior parietal cortex in the non-human primate literature.

Aguilar Ros et al. (2021) were the first to investigate this issue by testing healthy
participants. In a dual-task paradigm, their participants performed a central task while also

reaching to peripheral visual targets, and they tested whether the gaze-centered pointing
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hypometria characteristic of the OA field effect could be elicited by the attentional
engagement at the fixation point. They positively showed more under-estimation of
peripheral visual target eccentricity in the pointing responses during the dual-task condition.
This important hypothesis that OA may be ‘simulated’ in healthy participants by limiting
their ability to shift covert attention can be tested directly by investigating the effect of valid
versus invalid attentional cueing on pointing performance. With this in mind, we recruited a
group of 14 healthy participants in this study, as well as bilateral OA patient I.G. and
unilateral OA patient C.F. Whether the gaze-centered pointing hypometria of OA can be
explained by a deficient ability to orient covert attention toward the visual peripheral target
in the ataxic field was evaluated by testing 1) whether removing attention by an invalid
cueing toward the opposite visual field, before the presentation of the pointing target,
simulates OA in healthy participants, and 2) whether a valid cueing of the visual peripheral
target position improves pointing accuracy in the OA patients. This would suggest that
pointing inaccuracy is linked to inaccurate or slowed covert attentional orienting toward the
ataxic visual field.

Because spatial covert attention can be allocated either voluntarily according to
participants’ goals or in a stimulus-driven fashion (reviewed in Carrasco, 2011), we examined
whether a deficit in either type of attention allocation mediates the pointing errors observed
in OA. To this aim, we designed two peripheral pointing experiments with random visual
target presentation, i.e., both in terms of eccentricity and visual field, as in the classical
assessment of peripheral reaching performance in OA (Vindras et al., 2016; Striemer et al.,
2009), in which the performance of healthy controls and two patients with OA could be
hindered or improved by invalid or valid covert attentional cueing (Posner, 1980). More

precisely, invalid trials involved target presentation at random visual eccentricity (horizontal
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distance from gaze fixation: 15, 20, 25, 30, or 35°) opposite to the cued visual field, whereas
valid trials involved target presentation in the cued visual field at the same blocked visual
eccentricity. In one experiment (Figure 1), the cue consisted of a central arrow which was
75% predictive of the target location. In the other experiment (Figure 2) the cue was a
peripheral line flashed at one of the possible target locations. This was a low predictive cue
as it flashed at the target location in only 50% of the trials. Still, it should automatically grasp
the participant’s attention toward the target position before its actual presentation in the
valid trials.

Crucially, we focused our analysis on the pointing horizontal error, as systematic
pointing biases toward the fixation point characterizes peripheral pointing performance in
OA (Blangero et al., 2010; Vindras et al., 2016). We also analysed pointing variability and
response time, as well as ocular positions throughout the experiments in each participant, as

a validation that we actually manipulate covert attention.

2- Methods

2-1. Participants:

The required sample size was estimated using the G*Power V.3.1.7 program (Franz Faul,
Christian-Albrechts-Universitat, Kiel, Germany). The options selected were: a paired t-test
with a one-tailed hypothesis that pointing parameters would be better in the valid than in
the invalid trials for each eccentricity condition. An effect size of 0.9 was estimated for this
study based on pilot data, with a probability of an alpha error of 0.05 and a power of 0.95 (1
- probability of beta error). The proposed sample size was 14 participants for an actual

power of 0.952. Accordingly, the same group of 14 healthy participants was recruited for
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the two experiments. They were between the ages of 21 and 42 years (mean age = 26.79 +

6.12 years) and had no neurological history or psychiatric disorder.

Two stroke patients exhibiting chronic OA and willing to participate in research protocols
also took part in these two experiments. Patient |.G. was 54 years old when she was included
in this study. This woman suffered in 1998 from an ischemic stroke related to acute
vasospastic angiopathy in the posterior cerebral arteries. The lesion involved mainly
Brodmann areas 18, 19, 7, a limited part of area 39, as well as the intraparietal sulcus of both
hemispheres. Chronically, she demonstrates bilateral OA (e.g. Pisella et al., 2000; Gréa et al.,
2002; Khan, Pisella, Rossetti, et al., 2005; Mclntosh et al. 2011; Mikula et al. 2021). Patient
C.F. was 44 years old when he was included in this study. This man suffered in 2003 from a
posterior watershed infarct resulting in distributed and asymmetrical bilateral lesions of
Brodmann areas BA 18, 19, 7, 5, and 2 with a minute extension to the centrum semiovale.
Chronically, he demonstrates isolated unilateral OA in his left visual field, thought to be the
consequence of larger damage in the right hemisphere of both BA 7 and the intra-
hemispheric parieto-frontal fibers (Blangero et al., 2008; Striemer et al., 2009; Khan et al.

2005, 2007, 2013; Mikula et al. 2021; Cheviet et al. 2021).

All participants were right-handed, had normal vision or vision corrected-to-normal using
contact lenses, and were able to read Parinaud 2 with their optical correction. Informed
written consent was collected from all participants in accordance with CPP Northwestern 1

046/2017 registration number 2017-A02562-51.

2-2. Experimental design:
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Participants were seated on a height-adjustable chair with a chin-rest at 35 centimeters from
the touch screen (liyama ProlLite TF3215MC-B1, dimension 31.5” (73.9 x 43.4 cm), refresh
rate: 75Hz, response time: 8 ms, resolution: 1920x1080). They were informed that visual
targets would be presented at various visual eccentricities along the horizontal axis at the
same height of the ocular fixation in their left or right visual field. The peripheral pointing
task was carried out in a dimly illuminated room. A tactile marker was stuck on the table to
ensure that all the participants started their right-hand movement from the same position at
the bottom center of the screen. An eye-tracker (EyelLink Portable Duo; SR Research,
Ottawa, Ontario, Canada) was used. Ocular fixation had to be maintained on a central

fixation cross for 250ms to start each trial, and was checked throughout.

The instruction was to fixate the cross at the center of the screen throughout the pointing
blocks. The target was presented only if the participant's gaze remained within a £ 2° square
zone around the fixation cross for at least 250 ms. Target duration was 50 ms, preventing
any significant change in ocular position during its presentation and thereby ensuring its
visual eccentricity. Furthermore, fixation was monitored throughout the experiment by the
examiner allowing for a recall of the instruction if necessary. The fixation area (mean and
standard deviation of each participant) of each block was also recorded and checked offline
using data viewer software V4.4.1 (SR Research, Canada). The task consisted of immediate
peripheral pointing with the right hand, as precisely as possible, at the place on the screen
where the target was perceived. The peripheral cueing experiment was performed first by
healthy participants and patients, followed by the central cueing experiment. Before each
experiment, a training block of 15 trials was performed. Five blocks per experiment were

performed with targets presented either in the right or left visual field, at blocked
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eccentricities (15, 20, 25, 30, or 35° of visual eccentricity) in the valid trials, and at unblocked

eccentricities (15, 20, 25, 30, and 35° of visual eccentricity) in the invalid trials.

2-2-1. Central cueing experiment (Figure 1):

The experiment included five blocks of 80 trials. For each block, there were 60 valid trials (30
per visual field at one blocked eccentricity) and 20 invalid trials (10 per visual field
distributed across the 5 unblocked eccentricities), corresponding to 75% valid trials and 25%
invalid trials. This led to 400 trials overall per participant. In terms of timing, the central cue
was flashed for 50 ms, then the fixation cross reappeared for 250 ms, and the target was
finally presented for 50 ms. The trial ended when the participant’s index finger touched the

screen.

2-2-2. Peripheral cueing experiment (Figure 2)

The experiment included five blocks of 60 trials. For each block, there were 30 valid trials (15
per visual field at one blocked eccentricity) and 30 invalid trials (15 per visual field
distributed across the 5 unblocked eccentricities), corresponding to 50% of valid trials. This
led to 300 trials overall per participant. In terms of timing, the peripheral cue was flashed for
50ms, then the fixation cross reappeared for 50ms and the target was finally presented for

50ms. The trial ended when the participant’s index finger touched the screen.

2-3. Data analysis:

The pointing was a forced-choice response. Sometimes a participant spontaneously reported
that s/he did not perceive the visual target at all, because s/he was blinking or fully

inattentive for example. In this case, the trial was excluded offline from further analysis



220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

(0.28% of trials for healthy participants, 0.6% for the bilateral patient, and 0.33% for the
unilateral patient on average throughout the two experiments). Outlier trials were also
removed as defined by endpoints time or x-coordinate greater than 2.5 standard deviation
(SD) compared to the individual mean (5.30% of trials on average in the central cueing
experiment [ranging between 2.5% to 7.25% among participants] and 4.55% on average in
the peripheral cueing experiment [ranging between 1.33% to 7.0% among participants],
7.75% and 7.33% of trials for patient IG, 3% and 4% of trials for patient CF, for the two

experiments, respectively).

In order to study the gaze-centered pointing biases, the x-coordinate (in pixels) of the
participant's endpoint was subtracted from the actual x-coordinate of the visual target in
each trial. This difference provided a signed horizontal error translated in cm (1 pixel=
0.03637cm). A negative error corresponds to gaze-centered hypermetria, i.e., a pointing
movement that ends beyond the target visual eccentricity. A positive error corresponds to
gaze-centered hypometria, i.e., a pointing movement that ends in-between the gaze and the
visual target, as classically observed in the contralesional field of unilateral OA patients
(Blangero et al. 2010). All significant interactions are listed in the results section, but only the
figures illustrating the effects linked to our hypotheses are shown. The other significant

interaction figures are included as supplementary information.

Two other parameters were computed for each condition of target validity and eccentricity
in order to study pointing performance: the endpoint intra-individual variability along the
horizontal axis (SDx), as a measure of pointing noise, and the time between visual target

presentation and the touch of the screen (response time).

10
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2-4. Statistical analysis of peripheral pointing performance:

Descriptive statistics (mean and standard deviation) and ANOVAs were performed using
Statistica V14.0.0.15 software for Windows (StatSoft, Inc., Tulsa, Oklahoma). For the group
of healthy participants, we ran repeated measures ANOVAs on the horizontal pointing bias,
our main dependent variable, but also on intra-individual pointing variability (SDx) and
response time (RT), with target Eccentricity (15/20/25/30/35°) and cueing Validity
(valid/invalid) as factors. LSD pairwise comparisons were used to test the specific least

squares difference means to further explore significant interactions.

For the patients, we ran factorial ANOVAs on horizontal pointing bias and RT. For the patient
with bilateral OA, we assessed the same two factors as for healthy participants: Eccentricity
and cueing Validity. For the patient with unilateral OA, the Visual field (left/right) factor was
added. Note that the intra-individual pointing variability of each patient corresponds to a
single value and therefore it can only be compared visually between the valid and invalid

conditions of the patient, and to that of the healthy participants.

Bonferroni corrections for multiple comparisons were applied by dividing the alpha
threshold initially set at 5% by the number of comparisons performed. In case of comparison
of the cueing effect for each of the 5 visual target eccentricities, the significant threshold for
the p-value was 0.05/5 i.e., 0.01. In the case of visual field by cueing validity condition
comparisons for the unilateral patient, the significant threshold for the p-value was 0.05/4

i.e., 0.0125.

11
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3- Results:

3-1. Eye movement analysis
In order to confirm that we were manipulating covert (and not overt) attention, horizontal
ocular positions (i.e., the distance from the center of each fixation) were analysed offline
during all test blocks. For each participant and experiment, the mean position and standard
deviation were calculated. Table 1 shows that all participants nicely fulfilled the requirement

to maintain gaze fixation during both peripheral pointing experiments.

Table 1. Mean and standard deviation of horizontal ocular positions (°) throughout the
blocks of central cueing and peripheral cueing experiments, for each healthy individual and
the two patients. The fixation cross was at 0°, leftward positions were scored negative, and

rightward positions positive. P = participants, UP = Unilateral Patient, BP = Bilateral Patient

P1L P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 UP BP

Central mean® 0.74 0.36 0.70 -0.05 0.11 1.64 -0.64 1.55 0.33 0.75 0.65 0.38 -0.02 0.25 -0.11 0.31

cueing  STD°® 0.75 0.41 0.65 0.97 0.92 0.88 0.64 0.70 1.57 0.90 0.85 0.65 1.24 0.74 0.83 0.95

Peripheral mean® 0.44 0.18 0.90 -0.21 -0.26 0.36 0.03 0.61 0.34 0.57 -0.05 0.38 0.83 0.47 -0.05 0.70

281

282

283

284

285

286

287

cueing  STD° 0.85 0.65 0.72 1.06 0.75 0.65 0.65 0.82 1.15 0.95 0.79 0.69 1.03 0.88 0.82 0.70

3-2. Central cueing experiment

3-2-1. Healthy participants:

As can be seen in Figure 3 (left column) healthy participants in valid trials produced gaze-
centered hypometric pointing with a bias of 1.71 cm on average and a mean pointing

variability of 1.15 cm. In the invalid trials, a condition that potentially simulates OA in

12
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healthy participants, hypometria increased to a mean of 1.94 cm with a pointing variability

of 1.27 cm.

The repeated measures ANOVA assessing horizontal pointing bias revealed a main effect of
Validity condition (F(1,13)=6.86, p=0.021, n°= 0.345) corresponding to a significant increase
of gaze-centered hypometria in invalid cueing trials illustrated in Figure 3. There was also a
main effect of visual Eccentricity (F(4,52)=20.61, p<0.001, n’= 0.613; illustrated in Fig. Supp
1-Left panel), the higher the target’s eccentricity, the more hypometria. The two-way

interaction was not significant (F(4,52)=2.06, p=0.10), r]2= 0.137).

For the pointing variability (SDx), repeated measures ANOVA also revealed a main effect of
Validity condition (F(1,13)=10.17, p=0.007, r]2= 0.439) illustrated in Figure 3 (bottom left), a
main effect of Eccentricity (F(4,52)=48.32, p<0.001, n’= 0.788; illustrated on Fig. Supp 1-

Right panel), and no significant interaction (F(4,52)=1.00, p=0.42, n’= 0.0714).

The repeated measures ANOVA assessing RT also revealed a main effect of Validity
(F(1,13)=16.62, p=0.0013, n°= 0.561), the mean RT was 1184 + 171 ms in the valid condition
and increased to 1242 + 167 ms in the invalid condition. There was also a main effect of
Eccentricity (F(4,52)=13.21, p<0.001, n’= 0.504) and a significant two-way interaction
(F(4,52)=5.73, p<0.001, n’= 0.305; illustrated on Fig. Supp 2); post-hoc analyses showed a
significantly longer RT in the invalid than valid condition only at 25°, 30° and 35° of
eccentricity (respectively F(13)=15.36; p=0.0018, F(13)=28.83; p<0.001, F(13)=13.54;

p=0.0028).
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To sum up, removing attention from the visual field where the visual target is presented
(invalid trials) by a central cue that is highly informative (high validity) led healthy
participants to produce systematically larger gaze-centered hypometric pointing biases, as
well as larger pointing noise and a slowing of the movements aimed to targets presented at

eccentricities further than 20°.

3-2-2. Bilateral OA patient:

The question with the OA patient was whether a highly predictive central cue can improve
peripheral pointing performance. As can be seen in Figure 3 (right column) patient I.G.
displayed large horizontal hypometria of 3.11 cm on average and large pointing variability of
2.59 cm in the invalid condition, which corresponds to the typical finding in OA. In the valid
condition, gaze-centered hypometria decreased to 2.31 cm, while the pointing noise was

2.86 cm on average.

The factorial ANOVA assessing horizontal pointing bias revealed a main effect of Validity
(F(1,357)=4.98, p=0.026, n= 0.0138) illustrated in Figure 3; the valid central cue significantly
decreased gaze-centered hypometria in comparison to the invalid condition. There was
neither a significant main effect of target Eccentricity (F(4,357)=2.55, p=0.39, n°= 0.0278) nor

a two-way interaction (F(4,357)=2.83, p=0.05, n’= 0.0307).

The factorial ANOVA assessing RT also revealed a main effect of Validity (F(1,357)=20.76,
p<0.001, n2= 0.0550) with RT of 1596 + 217 ms on average in the invalid condition and a
decrease to 1497 + 181 ms in the valid condition (Fig. Supp 3-Left panel). There was also a

main effect Eccentricity (F(4,357)=19.03, p<0.001, n’= 0.176), RT increased with target

14
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eccentricity (Fig. Supp 3-Right panel), and no significant interaction (F(4,357)=1.98, p=0.096,

n’=0.0217).

To sum up, a valid central cue shifted the pointing hypometria of patient I.G. toward the

performance of the healthy participants; it also reduced her pointing time but not her

pointing noise.

3-2-3. Unilateral OA patient:

As can be seen in Figure 4, the gaze-centered hypometria of 1.99 cm and pointing variability
of 2.04 cm observed in the invalid trials in the left (ataxic) visual field of patient C.F.

decreased to 0.65 cm and 1.43 cm, respectively, with valid central cueing.

The factorial ANOVA conducted for the horizontal pointing bias showed a significant main
effect of Validity (F(1, 372)=32.26, p<0.001, n’= 0.0798), consisting of a general decrease of
gaze-centered hypometria in the valid condition compared to the invalid condition. There
was no main effect of visual field (F(1, 372)=0.89, p=0.77, n’= 0.00239) but there was a
significant Validity x Visual field interaction (F(1, 372)=7.16, p=0.0078, n’= 0.0189). Clarifying
this interaction, Figure 4 shows that the asymmetry of pointing error in the unilateral OA
patient between the left and right visual fields in the invalid condition (F(372)=5.54, p=0.019)
was absent in the valid condition (F(372)=2.97, p=0.086). Post-hoc analyses revealed that
this was achieved by a significant decrease of hypometric pointing bias specifically in the left
(ataxic) visual field (F(372)=34.76, p<0.001) between invalid and valid conditions.

There was also a significant main effect of Eccentricity (F(4,372)=3.7542, p=0.0052, n’=

0.0388), and another significant two-way interaction (Validity x Eccentricity: F(4, 372)=3.75,

15
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p=0.0053, n2= 0.0388) illustrated in Fig. Supp 4. Post-hoc analyses indicated that the
decrease in pointing bias in the valid condition reached significance bilaterally at 25° and 35°
(p<0.001). The three-way interaction was not significant (F(4, 372)=1.68, p=0.15, n’=

0.0177).

The factorial ANOVA on RT showed no main effect of Validity (F(1,372)=0.00, p=0.84, n’=
0.0) and no significant interactions involving Validity (all Fs<2.1, ps>0.05). There were main
effects of Visual Field (F(1,372)=158.2, p<0.001, n’= 0.298), with faster responses in the right
(healthy) visual field than in the left (ataxic) visual field, and of Eccentricity (F(4,372)=3.46,
p=0.0087, r|2= 0.0359), with faster response to targets at closer visual eccentricities. There
was also a significant interaction between Visual Field and Eccentricity (F(4,372)=3.26,
p=0.012, r]2= 0.0339) illustrated in Fig. Supp 5, demonstrating a larger increase in RT when
target eccentricity increased in the left (ataxic) visual field. Post-hoc analyses revealed that
RT differed significantly between the visual fields only at the farthest visual eccentricities
(p<0.001 for 25°, 30°, and 35°). This indicates that patient C.F. compensated his OA by
slowing his pointing movement to targets presented at the farthest visual eccentricities in

his ataxic visual field.

To sum up, for the unilateral OA patient, the valid central cue reduced the pointing bias and
variability specifically in the left (ataxic) visual field, while no validity effect was revealed on

the RT asymmetry between visual fields.

3-3. Peripheral cueing experiment

3-3-1. Healthy participants:

16



384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

As can be seen in Figure 5 (left column) healthy participants in the valid trials produced gaze-
centered hypometria of 1.19 cm on average with a mean pointing variability of 1.13 cm. In
the invalid trials, a condition that potentially simulates OA in healthy participants,

hypometria was 1.31 cm on average, and pointing variability was 1.40 cm.

The repeated measures ANOVA assessing the effects of Validity and target Eccentricity on
horizontal pointing bias showed no main effect of Validity (F(1,13)=1.22, p=0.29, n°= 0.0858),
there was a significant main effect of Eccentricity (F(4,52)=28.62, p<0.001, n’= 0.688) and a
significant two-way interaction (F(4,52)=5.31, p=0.0012, n’= 0.290). Clarifying this
interaction, post-hoc analyses revealed that the peripheral cue had a significant effect only
at 15° of eccentricity (F(13)=11.70, p=0.0046): for this closest target position, there was a
small gaze-centered hypometria in the invalid condition but not in the valid condition (mean

of -0.06 cm in valid vs. +0.58 cm in invalid condition), as illustrated in Figure 6.

For pointing variability (SDx), the repeated measures ANOVA demonstrated significant main
effects of Validity (F(1,13)=24.61, p<0.001, n’= 0.654) and of Eccentricity (F(4,52)=49.22,
p<0.001, n’= 0.791), with no significant interaction (F(4,52)=0.43, p=0.78, n’= 0.00320).
These main effects consisted of larger pointing noise in the invalid than valid conditions

(Figure 5 bottom left) and increasing pointing noise with target eccentricity (Fig. Supp 6).

The repeated measures ANOVA assessing RT also revealed a significant main effect of
Validity (F(1,13)=11.75, p=0.045, n2= 0.475); RT increased from 1188 ms in the valid
condition to 1215 ms in the invalid condition. There were also a main effect of Eccentricity

(F(4,52)=4.92, p=0.002, r]2= 0.275) and a significant two-way interaction (F(4,52)=8.98,
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p<0.001, n°= 0.409) illustrated in Fig. Supp 7. Clarifying this interaction, post-hoc analyses
showed significantly longer RT for the invalid than valid condition at the farthest
eccentricities of 30° and 35° (valid: 1157 + 224 and 1200 + 218 ms, invalid: 1243 + 249 and

1298 + 255 ms, F(13)=28.83, p<0.001; F(13)=28.89, p<0.001, at 30° and 35° respectively).

To sum up, in this peripheral cueing experiment, the cue was low predictive of the target
location (validity of 50% only) and it produced limited modulation of pointing bias (only at
the closest visual eccentricity of 15°). Attracting automatic attention to the wrong visual field
with a peripheral cue rather produced non-specific detrimental effects like a general
increase of pointing noise and a slowing of the pointing response at the farthest

eccentricities (30 and 35°).

3-3-2. Bilateral OA patient:

Whether peripheral cueing can improve peripheral pointing performance in OA was tested in
this experiment. As can be seen in Figure 5 (right column) patient |.G. displayed horizontal
hypometria of 1.87 cm on average and pointing noise (SDx) of 3.06 cm in the invalid
condition. In the valid condition, gaze-centered pointing bias was shifted to a mean of -0.30
cm with a pointing noise of 2.41 cm.

The factorial ANOVA assessing the effect of Validity and Eccentricity on pointing bias
revealed a main effect of Validity condition (F(1,267)=40.26, p<0.001, r]2= 0.131) and a
significant main effect of Eccentricity (F(4,267)=8.53, p<0.001, n’= 0.113), that were qualified
by a significant Eccentricity by Validity interaction (F(4,267)=11.36, p<0.001, n°= 0.145)
illustrated in Figure 7: a drastic change was observed in horizontal pointing error direction

for all targets except at 15° of eccentricity. Post-hoc analyses showed significant changes for
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targets presented at 20°, 30° and 35° of eccentricity in the valid condition (respectively
F(267)=18.75; p<0.001, F(267)=12.52; p<0.001, F(267)=49.86; p<0.001) with pointing biases

turning into negative (hypermetric) values.

The factorial ANOVA assessing RT revealed main effects of Eccentricity (F(4,267)=12.25,
p<0.001, n’= 0.155; illustrated in Fig. Supp 8-Left panel) and Validity (F(1,267)=21.50,
p<0.001, r]2= 0.0745; illustrated in Fig. Supp 8-Right panel), with no significant two-way
interaction (F(4,267)=1.73, p=0.14, n’= 0.0253), indicating that the patient produced faster

pointing movements with valid peripheral cueing at all visual target eccentricities.

To sum up, in the valid condition of the peripheral cueing experiment, pointing movements

of the bilateral OA patient were faster, less variable, and hypermetric.

3-3-3. Unilateral OA patient:

In the ataxic visual field, patient C.F. produced hypometric pointing biases of 2.08 cm on
average in the invalid condition (as compared to 1.28 cm in his healthy visual field).
Unexpectedly, the hypometric bias was even larger in the valid condition (mean 2.25 cm).
Similarly, pointing variability was 1.46 cm on average in the invalid condition and 1.57 cm in

the valid condition (Figure 8).

The factorial ANOVA assessing the effects of Visual Field, Eccentricity and Validity on gaze-
centered hypometria revealed no main effect of Validity (F(1, 275)=0.00447, p=0.947,

n°<0.001) but main effects of Eccentricity (F(4, 275)=12.60, p<0.001, n’= 0.155) and Visual
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field (F(1, 275)=36.80, p<0.001, n2= 0.118). There was also a significant interaction between
Validity and Eccentricity (F(4, 275)=3.44, p=0.0091, n’= 0.0447) reflecting a paradoxically
higher gaze-centered pointing error in the valid than invalid condition at 30° of eccentricity
(F(275)=7.90, p=0.0043; Fig. Supp 9). There was no other significant two-way interaction
(Visual Field x Eccentricity: F(4, 275)=0.60, p=0.67, n°=0.00865; Validity x Visual Field: F(1,
275)=0.78, p=0.377, n’=0.0112) and the three-way interaction was not significant (F(4,

275)=0.21, p=0.93, n’= 0.00305).

The factorial ANOVA revealed a significant main effect of Validity on RT (F(1, 275)=7.22,
p=0.0076, n2=0.0254; Fig. Supp 10-Left panel), but no significant interaction that involves
validity (Validity x Visual Field: F(1, 275)=3.45, p=0.064, n?=0.0124); Validity x Eccentricity:
F(4, 275)=1.78, p=0.132, n2=0.0252; three-way: F(4,275)=0.08, p=0.99, r|2<0.001). There was
a significant interaction between Visual Field and target Eccentricity (F(4,275)=4.39,
p=0.0019, n’= 0.0600; Fig. Supp 10-Right panel) consisting of a significant increase of RT in
the ataxic visual field at the farthest visual eccentricities (at 30° and 35°, F(275)=11.39;
p<0.001 and F(275)=28.92; p<0.001, respectively), demonstrating again that C.F was

compensating for his pointing bias.

To sum up, with the unilateral OA patient there was an overall effect of validity on RT but
neither the pointing performance nor the visual field asymmetry were improved in the valid

condition of the peripheral cueing experiment.

4-Discussion:
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In order to test the hypothesis that OA visuomotor impairment can result, at least
partially, from an attentional deficit, we investigated 1) whether pointing performance
characteristic of OA can be mimicked by removing attention in healthy participants and 2)
whether providing attentional cues, which allow patients to shift their covert attention in
advance to peripheral target location, can reduce their pointing bias toward gaze fixation.
We planned to focus our analysis on the pointing horizontal error, as systematic pointing
biases toward the fixation point characterizes peripheral pointing performance in OA
(Blangero et al., 2010; Vindras et al., 2016), pointing variability and response time being
considered as non-specific effects of attention. Indeed, if attention just helps OA patients be
faster or even just reduces their pointing noise, but does not reduce their horizontal pointing
errors, one can say that this means attention is not specifically involved in their deficit, but
rather helps them as it helps healthy participants in most perceptual tasks. Following the
same logic, a specific increase of horizontal (gaze-centered) hypometric pointing bias was
expected in healthy participants, as a qualitative simulation of the specific pointing pattern
characteristic of OA in the invalid condition when the pointing movement results from
positional encoding of the goal without spatial attention.

Manipulations of attention in multiple variants of the Posner (1980) paradigm have
explored various methodological parameters (e.g., combinations of cue type, cue
predictiveness, cue-target delay, unique or various target locations, presence or absence of
flankers) and raised ongoing debates about the nature of attention depending on these
parameters (e.g., Wojciulik & Kanwisher, 1999; Eimer 1997; Tipples 2002; Chambers et al
2004; Macaluso & Doricchi, 2013). When considering OA, the study of Martin-Arevalo et
al. (2021) indicated that the type of cue matters in OA: in two experiments of covert

attention (adapted from the paradigm of Deubel & Schneider, 1996) involving target
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identification among flankers with central versus peripheral cues, patient PE showed
decreased performance in her contralesional visual field only with the central cue. For the
present study, we therefore reasoned that the experimental conditions that would be the
most relevant to OA should involve the two most acknowledged and classical combinations
(Carrasco, 2011) of cue type, its predictiveness, and its timing, that tap into endogenous
attention and exogenous attention. Additionally, the field effect of OA consists of typical
pointing errors when the participants attempt to point at a specific peripheral location (i.e.,
the target location) not merely when they execute a standardized movement toward a side,
and importantly they occur whether the field is blocked, such that OA patients can put all
their “general” attention toward the affected side (Perenin & Vighetto, 1988) or unblocked,
such that OA patients cannot form any expectation on target location and side (Blangero et
al.,, 2010; Vindras et al., 2016). Thus, in both experiments of the present study, the
attentional cue indicated a specific location rather than a side.

The results revealed that the cueing procedure combining a directional central arrow
with 75% predictability of the target position was effective in both simulating OA horizontal
pointing errors in healthy participants (when the cue was invalid) and alleviating the bilateral
or unilateral pointing biases of OA patients (when the cue was valid). As for the low validity
peripheral cue, the fact that it speeded response time suggests that it indeed attracted
attention exogenously toward its location, that is to the opposite side when it was invalid or
to the target location when it was valid. However, when considering its effects on pointing
accuracy, the results were not as satisfactory. In healthy participants, gaze-centered
hypometria was produced only for the closest target at 15° in the invalid condition of the
peripheral cueing experiment. In OA patients, valid peripheral cueing did not produce

consistent effects on the pointing bias either. The patient with bilateral OA produced
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unexpected hypermetric errors for targets further than 15°, which could reflect some
strategy of overcompensation following perceptual masking of the visual target by the
peripheral cue. Indeed, patient |.G. is aware of her pointing deficit in peripheral vision.
Moreover, she reported that she was “guessing more often” the visual target position in this
peripheral cueing experiment. We think that the flashing of the peripheral line above the
target position just before its presentation could have masked the target in the valid trials.
Consequently, the bilateral OA patient may have produced a force-choice pointing response
far away from gaze fixation only in the valid condition. As for the unilateral OA patient, the
visual field asymmetry of his pointing accuracy was not reduced by the peripheral cueing,
neither in terms of pointing bias nor pointing variability, even though the cue was efficient in
allowing the patient to produce overall faster movements in the valid trials.

The effects of attentional cueing on pointing variability had a different pattern from
that of pointing bias. Pointing variability was only modified by central cueing with the
unilateral OA patient. The reverse was observed with the bilateral OA patient: pointing
variability was only modified with peripheral cueing. Despite this difference, a change in
pointing bias was observed with both patients with central cueing. With healthy participants,
the pointing variability was modified with both central and peripheral cueing, whereas the
pointing bias was modified only with central cueing. These different patterns of results
suggest that pointing variability and pointing bias are dissociated measures. Indeed, a
systematic pointing error centered on current gaze direction has been postulated to reflect a
specific encoding bias of the visual target position in an oculocentric coordinate system
(Henriques et al., 1998; Medendorp & Crawford, 2002; Pouget et al., 2002; Khan et al.,
2005a,b). Pointing variability would reflect a non-specific pointing noise distributed equally

around this encoded target position (Revol et al., 2003). Therefore, a change in pointing
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noise cannot explain a change in pointing bias. A modulation of reaching endpoints by visuo-
attentional cueing can affect, independently from each other, either visuomotor variability
or positional encoding bias of the visual target.

The interaction between reaching endpoints and response time is also a potential
issue, that has already been addressed in the literature on OA. Response time includes
movement reaction time and duration, which have both been shown by Striemer et al.
(2009) to be increased for pointing toward the ataxic visual field in unilateral OA.
Nevertheless, Striemer et al. (2009) also observed that accuracy of endpoints was strongly
modulated by target eccentricity contrary to reaction time, whether the latter involved the
latency of a button press response or of a reaching response. They therefore considered that
pointing accuracy and reaction time were dissociated measures, the latter possibly reflecting
perception (target detection) rather than action. The observed modulation of response time
by visuo-attentional cueing in the present study could indeed have been mediated by
enhanced visual acuity and perceptual target detection (Yeshurun & Carrasco, 1999) or
motor preparation, parameters that are all non-specific of OA (Pisella et al., 2000). However,
a paradoxical improvement of pointing accuracy has been shown in OA when a delay is
introduced between peripheral target presentation and go signal (Milner et al., 1999; Revol
et al., 2003; Khan et al.,, 2005b). A longer reaction time has been interpreted to allow a
change of reference frame for target localization from gaze-centered (specifically impaired in
OA) to a more stable one. Pointing accuracy and reaction time would thus not be so
independent. Our experimental design in which pointing responses were required with no
temporal constraint could have minimized 1) the pointing errors in OA patients and 2) the
effects of attention on the pointing errors in all participants. With the unilateral OA patient,

there was a significant visual field difference in response time only at the farthest visual
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eccentricities, the further away the targets were presented in his left (ataxic) visual field, the
more cautious his response was in both experiments. However, this did not interact with
validity: he seems to have a compensatory strategy for his unilateral deficit involving slower
responses when pointing toward the left visual field, independent of his ability to allocate
covert spatial attention to a given location based on visual cues. Consequently, the beneficial
effect of the central attentional cue on the positional encoding bias characteristic of his
unilateral OA can hardly be explained by the general slowing of his leftward pointing
movement. With the bilateral OA patient and healthy participants, the effect of central
cueing on horizontal pointing bias was also significant, regardless of its response time
modulation. With both central and peripheral cueing, an interaction of validity and
eccentricity was observed on response time with the healthy participants. In the invalid
condition, their pointing response was even slower at the farthest eccentricities (30 and
35°). This possibly reflects an increased perceptual uncertainty in the invalid conditions.
Importantly, because these cueing effects on response time were found with both cue types,
they suggest that we could successfully modulate attention in both experiments. Thus, the
fact that attentional modulation of the gaze-centered pointing bias was observed with the
high predictive central cue but not with the peripheral cue cannot be attributed to a failure
to manipulate attention with the latter.

Most importantly, the present study revealed that at least the removal of top-down
endogenous attention in the invalid trials using the high predictive central cue allowed us to
simulate the hypometric gaze-centred pointing bias typical of OA in healthy controls. This
supports the hypothesis (see Pisella et al., 2013 and Martin-Arevalo et al., 2021) that OA may
emerge, at least partially, from impaired (possibly slowed or inaccurate) endogenous

orienting of covert attention. Further investigations are needed to determine whether this
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effect can be extended beyond the specific expectancy, target-cue timing or the type of cues
we examined. Besides, several cueing manipulations of exogenous attention could be
interesting to test in the future and some of them may, indeed, produce a similar effect to

that found here with endogenous attention.

Another interesting issue arising concerning our results is the potential dissociation
between allocating endogenous attention to a location and forming expectations about the
most likely target location. In our central cue experiment, the central arrow was valid on
75% of the trials, and therefore, by itself, this manipulation does not allow disentangling
attention and expectations. One may wonder whether a paradigm with a 50% valid central
cue would allow disambiguating endogenous attention and expectations, because previous
studies (Eimer, 1997 and Tipples, 2002) have shown attentional effects with 50% valid
central arrows. However, Hein et al. (2006) showed that such central arrows drive
exogenous rather than endogenous attention. Importantly, when our findings are
considered alongside those from previous studies on OA showing a robust field effect in very
different conditions of expectancy (e.g., Perenin & Vighetto 1988; Blangero et al., 2010;
Vindras et al., 2016; Martin-Arevalo et al., 2021), attributing our results to the top-down
attention allocation internally-driven based on the central arrow appears to be the more
likely explanation. Our result and interpretation are in line with other findings, reviewed by
Macaluso & Doricchi (2013), leading them to conclude that “attention selection entails top-
down signals that originate in the dorsal system and modulate activity in sensory areas that
represent the currently relevant location [...]. This, in turns, would yield to greater responses
when visual stimuli appear at the attended location, particularly so when the display also
contains other distracting visual stimuli [...]” (page 2). Indeed, Bogler et al. (2011) and Nardo
et al. (2011) proposed that dorsal PPC represents the target selected from saliency maps
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following a winner-takes-all mechanism for further perceptual or visuomotor processing
(covert or overt orienting of attention). A deficient winner-take-all mechanism following SPL
lesion could explain the increased spatial competition between visual fixation cross and
visual target in peripheral pointing condition, and the co-occurrence of bilateral optic ataxia
and simultanagnosia. This is in accordance with views of dorsal visual attention selection as a
competitive integration mechanism that biases competition between visual inputs toward
relevant information, both by enhancing the neural representation(s) of the relevant object
and by inhibiting the representation(s) of distractors (e.g., Wojciulik & Kanwisher 1999;

Jackson et al., 2005, 2009; Ouerfelli-Ethier et al., 2021, 2023).

As for the improvement in the OA patients in condition of valid endogenous
attentional cueing, despite damage to the SPL-IPS region corresponding to the posterior part
of the dorsal attentional network (Corbetta & Schulman 2002; Gillebert et al., 2010; Martin-
Arevalo et al., 2021), our interpretation is two-fold. First, since the exogenous cueing
employed here was not able to modulate the horizontal pointing error in controls, an
improvement of the typical pointing bias of OA patients by exogenous attention seems
unlikely, even if resources of exogenous attention remained available after their lesion.
Second, at the neurophysiological level, attentional orienting is based on the combined
action of different—though functionally related— frontal and parietal areas. This allows
hypothesizing residual resources of endogenous orienting in OA patients, that could be
activated by the valid central cue and could alleviate the horizontal pointing errors in
patients. The most likely would be via the frontal area that form the anterior part of the
dorsal attention network. As for the exact process and neurophysiological route underlying
this alleviation, alternative explanations exist, that further investigations should disentangle.
For example, unlike Martin-Arevalo et al. (2021) who used a paradigm involving accurate

27



646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

spatial attentional cueing in order to identify a flanked visual target, Striemer et al. (2007)
used a classical Posner (1980) paradigm measuring reaction times to a single visual target
presentation and showed impairment in both endogenous and exogenous attentional cueing
paradigm. Moreover, this impairment was observed in valid, invalid and neutral trials, which
led the authors to hypothesize a global visual saliency decrease for targets presented within
the contralesional visual field. Applying this hypothesis to the improvement of pointing
performance observed in the present study for the two OA patients, possibly mediated via
the anterior attentional network, it could be conceived that the highly predictive central cue
has produced a top-down global increase of the cued position representation in frontal
priority maps and/or that it has increased the default saliency of contralesional targets by
boosting the Frontal Eye Field feedback modulation of visual areas (see Martin-Arevalo et al.,

2021 for neurophysiological argument in favour of the latter proposal).

Interestingly, exploring the interaction between perception and action programming
in patients with visual extinction with and without optic ataxia, Kitadono and Humphreys
(2007, 2011) also argued for strong coupling between endogenous visual and motor-based
attention. More precisely, the patients had to make pointing responses to left and right
locations, whilst identifying briefly presented shapes. Interaction between movement
direction and perceptual report was not found in the patient with OA, probably due to a
common deficiency of visuo-spatial orienting in the contralesional field affecting both
perceptual report and pointing. In the patient without OA, identification of contralesional
targets was ameliorated when the action was programmed to the contralesional side, and
programming an action to the ipsilesional side increased extinction (on 2-item trials) and
tended to induce neglect (on 1-item trials). Identification of contralesional targets was also
improved by an increase in the probability of occurrence of the visual target in the
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contralesional visual field, but this advantage vanished when a concurrent movement was
planned toward the ipsilesional side. This was interpreted as a common system of visuo-

spatial orienting for endogenous attention and action.

To summarize, when the endogenous attention of healthy participants was directed
to the wrong location, their pattern of pointing to peripheral targets showed a gaze-
centered bias that is typical of OA. Accordingly, when the endogenous attention of OA
patients could be directed in advance to the target location, the typical pointing bias was
reduced. Taken together these findings support the hypothesis that OA reflects, at least

partially, a deficit in the allocation of endogenous attention.
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