The Influence of Motor Costs on Visual Search When Reaching for Target Objects
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* Inreal world tasks, visual search is often carried out in order : . _ * Experiment 1: ANOVAs were carried out to assess the effects
to locate objects we intend to act on. However, research on Experiment 1: Experiment 2: of phase (baseline, test, washout), side (force right, force left),
visual search has not considered how motor costs, Spatial and Object Load Training on the Forces and condition (spatial load, object load) on weighted fixation
associated with action, might influence search. location and reach direction.

. Recent work has shown that motor costs associated with Individual Fixation Location Bias » Experiment 2: ANOVAs were carried to assess the effects of
responding can bias perceptual decision making in visual 10 © Spatial Load - Hard Right ) 10" Trained Load - Hard Right p phase (fixatiqn: baseline, test; regch: baseline, training, test,
motion discrimination tasks [1,2]. o g%%qtiatl IanéI:II:IIarg Ili.ef’;]t N\ gl @ Trained Load - Hard Left probe), and side on the same variables. |

* The aim of the current study was to assess whether visual £ .Obj-:gt ngd i H:id Lle?‘t £ ol * '\_10 e_ffects were found for phase, p>.05, when analyzing
search can likewise be biased by motor costs associated with < 5 o _—g:@— € + fixation and reaching data in both experiments.
acting on located targets. IS % 4t —4 Pa— - 41 * A leftward bias was found in all cases, indicating that

* In our task, participants had to search for, and then move a i.; = ey F%\ i.; 2 *49* participants looked and reached towards the left side more,
handle to, targets that could be located on either the left or 2 3 %T\ | 2 0 _%%P— and this did not change after the forces were introduced.
right side of the search environment. Different resistive s e —t S + e
forces could be applied, through the handle, to movements fy = 2 _ep_v —4— E 5 . 5 . .
on the left and right sides. ?j% 4 — =) § # DlSCUSSlon

* Hypothesis: Search will be biased towards the side where % g -6 —% éll | 2 | f =
there is less resistive force, and hence lower motor costs. S g + g 5 ES Summary

_107‘*, L 10155 _-;é_z 3 4 ¢ & 0o * Wedid not find evidence that search is biased by motor costs,
108 e 220 e © 0 More Effort ~ lLessEffort as search behaviour remained consistent with baseline
M Et h O d S Baseline - Weighted Fixation Location (cm) aseline - Weighted Fixation Location (cm) behaviour after forces were introduced.
Figures 1 and 2. Individuals average baseline fixation location compared to test trials. Arrows indicate the hypothesized direction of .

Both fixations and reaching data showed a clear overall left

Appa ratus Exemplar Trial the effect, where participants above the line biased gaze towards the force minimum side more during the test phase than baseline. bias, where participants tended to look left regardless of
10} : : : ; whether that was the force minimum or force maximum side
| m mw LR Group Fixation Location Bias . . 5 .
E sl B om . * Unexpectedly, we did not find that participants consistently
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Sl v wom b En om — Spatial Load - Hard Right  — Object Load - Hard Right 1 Trained Load - Hard Right selected targets on the low force side during 2-Target training
3 _ A == Spatial Load - Hard Left = Object Load - Hard Left == Trained Load - Hard Left trials when search was not required.
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N £ £ = 2 £ £ 2 . 2 * It's possible that the forces imposed on the handle were not
Participants x-location (cm) 5 3 3 5 s & 5l | = _ strong enough to bias search, and perhaps some threshold of
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36 right-handed participants, 27 female, M, .= 20.44, SD=2.97 s g _g_ 'l'T']' g g mE g0 T effort must be met before s-earch. s biased. |
s 5 <l c 5l 1t | ' * The tendency to use, and stick with, a certain search strategy
Procedure g s S 6 3 & ol | S :g: | | may have overpowered the implementation of motor cost
* The side of the search space with larger forces applied was ~ 2 3 -8 =2 g 3 g avoidance [3].
counterbalanced across participants. 10 Test Washout 10— haseline 10552 Tne P =10 Tt Baselne * Factoring into account motor costs in our task may require
* In ?aCh trial the participant had t_o Igcate one of two target Figures 3 and 4. Group averaged fixation locations: for filled bars negative values indicate fixations on the left side, for open bars att-e_ntlon_al resources and be eff.ortful [4]. 1t 'S_ possible that the
ObJe_CtS and then .rgach towards it with t.he hand.le. In the positive values indicate fixations on the left side. Difference scores of test compared to baseline are also shown where positive ability to integrate these forces into search did not occur
spatial load condition, forces were applied to this outward values indicate a gaze bias to the force minimum side during the test phase as compared to baseline. because of the competing demands of the search task.
reach. In the object load condition, the participant had to R hi B * Itissurprising that motor costs did not influence search in 2-
‘drag’ the object back to the start position and forces were €acning blas target training trials given that previous experiments have
applied to this return movement. ) — gpaga: toag - :arg Eiggtht 3 1 ~ Trained Load - Hard Right shown clear effects of motor costs on decision making [z, 2]
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trials both targets were on the left side, 25% of the trials o 8-2‘ == Object Load - Hard Left @ 8-573' __________ by requiring participants to control a ‘search window’ with the
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there was one target on either side. = 061 I | l S — _hIN_ L \ S
U Q5F----- S S S — A R N U F c B \
- : : < 1 g 04+
Experiment 1: Spatial and Object Loads 2 04 | | s
" U A ¢ 0.3; R f
. — i x 0.3r o N L
Baseline N Test N g et 000 Nejm 5 0.2f o 8-3‘ S . ) ETErences
. : : = i . - Q. i
30 IELS 180 Trials 30 Trials - ;O%r;el\lss‘/jriset 8 0 (1) O 0 A L . . 1. Hagura, N., Haggard, P., & Diedrichsen, J. (2017). Perceptual decisions are biased by the cost to act. Elife, 6,
_ -ndthe other i Baseline  Test Washout o Baseline Training Test Probe e18422.
EX erlment >- Trainin on the Forces at 20 Ns/m Fiqure 6. Individual participant data is plotted on top of arou 2..Bur.k, D., Ing.ram,J. N., I.:r.anklin, I?.W., Shadlen, M. N., & Wolpert, D. M. (2014). Motor effort alters changes of
P g Figure 5. The proportion of reaches to the force minimum side 7 Dotted i per dP te partici P tcinth fp > thp mind in sensorimotor decision making. PLoS One, 9(3), e92681. - _
Base“ne 1-Tarqet B — Test (and Probe) duri N N H hoth sid 4k averages. votiead lines indicate participants in the 1rorce on tne 3. Boot, W. R, Becic, E.., & Kramer, A.F. (2009). S.table |nd|V|dyaI Fllfference5|n search stra.tggy?:The effect of
» g » g » uring trials where there was one target on both sides ot the I’ight condition. and solid lines indicate participants in the force task demands and motivational factors on scanning strategy in visual search. Journal of Vision, 9(3), 7-7.
: : : : ! o 4.de Graaf, J. B., Galléa, C,, Pailhous, J., Anton, J. L., Roth, M., & Bonnard, M. (2004). Awareness of muscular
60 Trials 30 Trials 90 Trials 180 Trials (20 Probe) >creen. on the left condition. force during movement production: An fMRI study. Neurolmage, 21(4), 1357-1367.




