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Bernstein (1967) defined dexterity as the ability to consistently achieve 2
desired level of task performance across a wide variety of contextual .conditions.
This ability implicates adaptability of action pattems to both the requnrer‘nents.of
the intended behaviour and to the ever-changing dgmapds of the context in which
activities unfold. For example, a simple arm extension is sufficient to successfully
pick up a cup that is within reach, but trunk and arm moxfements have to bef
coordinated if the cup is further away. Rglatedly, very different pat;remst}(l)
movement would have to be assembled to plc.k up a cup of hot coffee orr;] ‘lde
hands of a well-trained waiter than to recover it from the ha_nds of a yotung ca nlizé
Thus, to achieve desired functional goals, humans (and ammals.) trm:;3 ﬁ(:lrigr;] e
and reorganize action pattems_ in response to contextual constraints g
available opportum.tles-for action. AU —

Action selection Shaﬁed(? yf botlh h?trs o?lnhosw an action can be performed.
Hard constraints are factors that define lim e syl e
For instance, if a driver wishes to stop her cetllr1 ?aetf?gzs?)lt:;% ntim j - agce N
must initiate braking early enough to stop w;] e e eten a hard
the car and the wall. The latest tnpe at Vthc . rb ) geen velocify, distanee foii
constraint, defined by the dyqamlc relatlonSh(lip enzvtraint deﬁne; an affordance
wall, and maximal deceleration rate. Abl.\lz?r (;(f) e bowndais s rossedl ik
poundary, here the boundary of brak'e_a l lt(i/.b this constraint, however, there
failure results. Within the boundary |mp0Feh tl?e task: One might start pressing
are multiple ways to successfully accomplis o L ihe Jast minute and press the
the brake cailynd decelerato smoothy, oF e combination of the two. Factors
brake maximally coming to an abrupt stop, Ofiganynstraints and may include mood.
that shape these decisions are considered so fcto e on |
Soals, habits, ability, distractions, r?eed for Sade t}':;le affordance boundaries, and

Organism-environment rqlatlons tsr;?::ctii » of action patterns . Vé ltr,:ﬁs
Ie(:enlnﬁfg;(())r g;?;:?tZLONcweli, 1999; Richardson et al'r;d_or*’?;nilt‘ their action
lndai‘;}d“alg ’shm;/ sensitivity to affordance 'b()lfndfli;l::_ 2011 constraints on ucl'ﬂ’:
patterns aécordingly (Carello et al., 1989). Ihe r(; for explaining different Iurk- :
sclecli(;n is much less studied despite 1ts POlC“t'_‘" asks allowing for more tha

: es ained tasks, that is, [asks 9) have recently
of performance in underconstrained tas Nordbeck et al. (20! )) | ¥e riment,
one solution for successful complc!mn. - eus on this issue. In this exp
Proposed a novel experimental paradigm to focus
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Method

Thirty undergraduate students participated for Pimal coll:riie ‘CF,C(_“L A virtual
nvironment Was created (see Figure 1) :»vt’lere pucks (marke 1" in Figure 1)
:wrc released from a dispenser (marked .2 ) and slid out onto t}_Ie sta‘m’ng area
(3"). The bridge (‘4) connected the starting area toa goal container (‘5°). They
were informed that their task was to get the pucks into the-Cf)ntamer by pushing
them with a handheld controller up to any distance, or stnkmg _them from afar,
and letting them slide the rest of the way over the br@ge. Participants were also
told to avoid letting the pucks stack up in tl_le starting area. T}men they were
equipped with a HTC Vive VR equipment and lined up with their right le.g in front
of the bridge. After a verbal countdown the task was start.e(_i by presenting pucks
to participants. After the first block was completed, participants were given the
option to have a short break, the presentation rate was reversed and participants
again performed the transportation task. Controller position data was continuously
recorded throughout the experiment.

The distance at which participants stopped pushing, or struck, each puck was
extracted and averaged across each presentation rate for each block. The resulting
time-series of release points were then the basis for calculation of two main
variables. The first variable took the average of each time-series, indexing the
average distance participants used (Md). The second variable was calculated by
finding the largest difference between two consecutive distances. Then the
absolute difference between the average distance before versus after this point
made up the second variable (4Md). The two variables were then used to classify
the time-series into one of four general solution types that vary in sensitivity (0
contextual conditions (see Figure 2). Exemplar time-series of the different

solutions are plotted in Fi i i i ici d
= gure 3 along with comparison solutions (particl ant an
simulated) from Nordbeck et al. (2019). P g '
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Figure 1. General experimental setup.

Results and Discussion

The VR reaching task produced varied action patterns that could be classified
into four general classes of solutions, similarly to Nordbeck et al. (2019) with the
exception of not finding the most extreme ends in this particular setup. The time-
series mimicked those of the previous task as well as the model simulations.
Results support the utility of the Cusp Catastrophe model in research designed to
study the role of soft constraints on affordance actualization. Importantly, it opens
up the possibility to explore the versatility of VR in the identification of factors
modifying individuals’ sensitivity to soft constraints, and how this sensitivity
might explain different levels of performance in underconstrained tasks.
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Figure 2. Participant data behaviourally classified as a functiqn of_ mean
distance moved (Md) and difference in mean pre-post max ghange in distance
(AMd). Note. In Nordbeck at al. (2019), behaviours charaptenzed !)y low Md &
low 4AMd map on to constant throwing and those characterized by high Md & low

AMd map on to constant walking.
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Figure 3. Each figure illustrates a particular behavioral pattern: Low Md &
Low AMd (A), High Md & Low 4Md (B), grad-u?l (C), and _non-lmear (D). and
contains two examples of each data type: participant and simulated data from
Nordbeck et al. (2019), and participant data from the present research.

Nomahzed Presentation Completion
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