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At the start of each trial, participants were prompted to press the start location with their right
index finger (i.e., the reaching limb) which initiated a trial sequence. A sequence began with the
illumination of the LED attached to the reaching finger and the presentation of the central
fixation cross for a randomized foreperiod between 1,000 to 2,000 ms. Participants were asked to
maintain their gaze on the start location/fixation cross throughout a trial, and the constant gaze
instruction was used to maintain equate extraretinal feedback across the pro- and antipoining (see
details below) (van Donkelaar, Lee, & Gellman, 1994). Following the foreperiod, a target square
appeared and its onset cued participants to pro- or antipoint as “quickly and accurately as
possible”. Propointing required that participants reach to the veridical target location, whereas
antipointing required that participants reach mirror symmetrical to the target location. Pro- and
antipointing trials were completed with (i.e. limb visible [LV] trials) and without (i.e., limb
occluded [LO] trials) limb vision. For LV trials, the LED remained visible throughout a trial and
thereby provided online limb vision during movement planning and execution. For LO trials, the
LED was extinguished coincident with release of pressure from the home location, and as a
result vision was available during response planning but not movement execution (see Figure 5
for schematic of stimuli). Pro and antipointing trials to each limb vision condition were
performed in separate and randomly ordered blocks, and within each block participants
completed ten trials to each visual space (i.e., left and right of fixation) by target amplitude (i.e.,
proximal, distal) by IDrits (3.0, 3.5, 4.3, 6.3 bits) combination for a total of 640 experimental
trials.

Figure 5. Schematic of visual and motor events in the LV (A) and LO (B) conditions. In LV
trials, the LED remained illuminated throughout the duration of the trial, whereas in LO trials the
LED was extinguished once the participant released pressure from home position switch.



12

2.4 Data Collection and Reduction

An IRED secured to the nail of participants’ right index finger was used to track the position of
the reaching limb via an OPTOTRAK Certus (Northern Digital Inc., Waterloo, ON, Canada)
sampling at 400 Hz for 1.5 seconds following target onset. Position data were filtered offline
using a second-order dual-pass Butterworth filter with a low-pass cutoff frequency of 15 Hz. A
five-point central finite difference algorithm was used to calculate instantaneous velocities.
Movement onset and offset were determined when resultant limb velocity exceeded and fell

below 50 mm/s for ten consecutive frames, respectively.

2.5 Dependent Variables and Statistical Analyses

Dependent variables included reaction time (RT: time from target onset to movement onset),
movement time (MT: time from movement onset to movement offset), peak velocity (PV:
maximum resultant velocity between movement onset and offset), percent time after peak
velocity (% TAPV: time from PV to movement offset as a percentage of total MT) and constant
error in the primary (CEp) and secondary (CEs) movement directions and their associated
variable error measures (i.e., VEp, VEs). Positive and negative CEp and CEs values represent

over- and undershooting bias, respectively.

Dependent variables were examined via 2 (task: propointing, antipointing) by 2 (limb vision:
LV, LO), by 2 (target amplitude: proximal, distal) by 4 (IDrius: 3.0, 3.5, 4.3, 6.3 bits) fully-
repeated measures ANOVA. Prior to data analyses, trials were removed if RT or MT measures
were 2.5 standard deviations above or below participant-specific means for task and IDrits
manipulations. This resulted in less than 3% of trials removed for any participant. Significant
effects/interactions were decomposed via simple effects and/or power-polynomials (Pedhazur
1997).
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3 Results

3.1 Performance Measures

RT revealed main effects of task, F(1,13)=32.04, p<.001, np?=0.71, limb vision, F(1,13)=11.23,
p=.005, 1p?=.46), target amplitude, F(1,13)=9.05, p=.010, np?=.41, and IDrits, F(3,39)=41.57,
p<.001, np?=.76. RTs were shorter for pro- (382 ms, SD=90) than antipointing (453 ms,
SD=106), were shorter for LV (414 ms, SD=105) than LO (422 ms, SD=106) trials, and were
shorter for the proximal (412 ms, SD=106) than the distal (423 ms, SD=105) target. As well,
Figure 6 shows that RT increased in relation to increasing IDrits (significant linear effect:
F(1,13)=71.55, p=.001, ny*>=.85).
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Figure 6. Reaction time for pro- and antipointing limb visible (LV) and limb occluded (LO) trials
as a function of IDriws. Error bars represent 95% within-participant confidence intervals and linear
regression equations and associated proportion of explained variance are shown for each limb
vision by IDFrits combination.
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MT produced main effects for target amplitude, F(1,13)=184.42, p<.001, 1p>=.93, IDFits,
F(3,39)=4.25, p=.011, np?=.25, and a three-way interaction involving task by target amplitude by
IDFits, F(3,39)=4.89, p=.006, np?=.27. To decompose the interaction, for each task and target
amplitude combination | computed simple effects (i.e., one-way ANOVA invovling IDrits) and
then determined the best-fitting polynomial for any analysis yielding a significant effect. Figure
7 shows that propointing to the proximal and distal target amplitudes as well as antipointing to
the proximal target amplitude produced a linear increase in MT with increasing IDritts (only
linear effects significant: all F(1,13)=4.19, 9.20 and 7.18, ps=.051, .010, and .019, ny?=.24, .42,
and .36). In contrast, antipointing MTs to the distal target amplitude did not reliably vary with
IDritss, (F(1,13)=0.38, p=.55, np*=.03).
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Figure 7. Movement time for pro- and antipointing limb visible (LV) and limb occluded (LO)
trials as a function of IDrits. Error bars represent 95% within-participant confidence intervals and
linear regression equations and associated proportion of explained variance are shown for each
limb vision by IDrits combination.
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PV produced main effects for task, F(1,13)=12.82, p=.003, np>=.49, target amplitude,
F(1,13)=85.90, p<.001, np>=.87, IDFits, F(3,39)=6.59, p=.001, np>=.34, and a three-way
interaction involving task by target amplitude by IDrits, F(3,39)=4.02, p=.014, np>=.24. Figure 8
shows that antipointing to the proximal and distal target eccentricities produced PVs that
increased linearly with decreasing IDris (only linear effects significant: all F(1,13)=5.69 and
6.14, ps=.033 and .027, np?=.31 and .32), whereas propointing to the distal target amplitude
decreased from the 3 to 4.3 bits IDrius targets and then increased at the 6.3 bits IDFixs targets
(significant quadratic effect: F(1,13)=5.59, p=.034, np?=.30). In turn, propointing to the proximal
target amplitude did not reliably vary with IDius, F(1,13)=3.25, p=.095, np?=.20.
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Figure 8. Peak velocity for pro- and antipointing limb visible (LV) and limb occluded (LO)
trials as a function of IDrius. Error bars represent 95% within-participant confidence intervals
and linear regression equations and associated proportion of explained variance are shown for
each limb vision by IDrixs combination.
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%TAPV produced main effects for limb vision, F(1,13)=5.01, p=.043, 1p?>=.28, IDFits,
F(3,39)=7.17, p<.001, np?=.36, and three-way interactions involving task by target amplitude by
IDFits, F(3,39)=4.02, p=.014, np?>=.24, and limb vision by target amplitude by IDFits,
F(3,39)=3.10, p=.037, np?=.19. The task by target amplitude by IDrixs interaction indicated that
propointing to the proximal and distal target amplitudes produced % TAPYV values that increased
linearly with increasing IDrius (only linear effects significant: F(1,13)=6.33 and 35.06, p=.026
and p<.001, np?=.33 and 0.73, whereas antipointing to proximal and distal target amplitudes did
not systematically vary with IDrits, F(3,39)=1.02 and 3.81, ps=.331 and .073, 1p?=.07 and .23. In
terms of the limb vision by target amplitude by IDrits interaction, results showed that limb
visible trials to proximal and distal target amplitudes, and limb occluded trials to the distal target
amplitude, yielded %TAPYV values that increased linearly with increasing IDrits (only linear
effects significant: F(1,13)=8.71, 4.60, and 53.44, ps=.011, .051, and .001, ny?=.40, .01, and .80.
In contrast, limb occluded trials to the proximal target amplitude did not significantly vary with
IDFitts, F(3,39)=1.89, p=.192, np?=.13 (See Figure 9).
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3.2 Constant Error

CEp yielded main effects for task, F(1,13)=25.37, p<.001, ny?=.66, limb vision, F(1,13)=28.63,
p<.001, np?=.69, target amplitude, F(1,13)=10.99, p=.006, np>=.46, IDFits, F(3,39)=8.38, p<.001,
Np>=.39, and produced interactions involving task by limb vision, F(1,13)=9.76, p=.008, np>=.43,
and task by target amplitude by IDrits, F(3,39)=14.23, p<.001, 1?=0.5. The task by limb vision
interaction indicated that CEp for propointing LV (-18.6 mm, SD=10.9) and LO (-15.8 mm,
SD=14.1) trials did not reliably differ (t(13)=-1.91, p=.078), whereas CEp for antipointing LV
trials (-35.3 mm, SD=17.4) was greater than their LO trial counterparts (-25.6 mm, SD=19.6)
(t(13)=-5.69, p=.001). In terms of the three-way interaction, Figure 10 shows that propointing to
the proximal target amplitude did not reliably differ across IDrits, F(3,39)=0.46, p=.714, ny>=.03,
whereas propointing to the distal target amplitude resulted in comparable CEp values across the
3.0 to 4.3 bits IDrits targets and then decreased at the 6.3 bit IDriys target (significant quadratic
effect: F(3,39)=7.33, p=.018, ny>=.36). Antipointing to the proximal and distal target amplitudes
produced a linear increase in CEp with decreasing IDrits, F(3,39)=34.08 and 9.58, p=.001 and
.009, np?=.72 and .42.

The analysis of CEs yielded a main effect for target amplitude, F(1,13)=16.16, p=.001, np>=.55:
CEs was smaller for the proximal target amplitude (0.3 mm, SD=16.4) than for the distal target
amplitude (-2.1 mm, SD=18.0).
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3.3 Variable Error

VEpr produced main effects for task, F(1,13)=24.04, p<.001, np?=.65, limb vision, F(1,13)=14.86,
p=.002, np?=.53, target amplitude, F(1,13)=4.71, p=.049, np>=.23, and an interaction involving
limb vision by target amplitude, F(1,13)=5.70, p=.033, np?=.31. VEr was smaller for propointing
(14.9 mm, SD=5.2) than antipointing (20.3 mm, SD=5.7). Figure 11 depicts the limb vision by
target amplitude interaction and demonstrates that LO trials were more variable than their LV
trial counterparts at both proximal and distal target amplitudes (t(13)=-2.17 and -3.72, ps=.049,
.003).

The VEs analysis produced main effects for limb vision, F(1,13)=9.06, p=.010, np?=.41, and
target amplitude, F(1,13)=71.62, p<.001, n,?=.85. VEswas smaller for LV trials (12.7 mm,
SD=4.9) than LO trials (15.3 mm, SD=6.0) and was smaller for the proximal (11.5 mm, SD=4.0)
than the distal (16.5 mm, SD=5.9) target amplitude.
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Figure 11. Variable error in the primary movement direction (i.e., VEp) for pro- and antipointing
limb visible (LV) and limb occluded (LO) trials as a function of IDrius. Error bars represent 95%
within-participant confidence intervals and linear regression equations and associated proportion of
explained variance are shown for each limb vision by IDrits combination.
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Propointing

Limb Visible Limb Occluded
Dependent

Index of difficulty (bits)
Variable

3 35 43 6.3 3 35 43 6.3
RT  Prox 368 (97) 365 (89) 360 (85) 388 (94) 373 (89) 377 (98) 377 (95) 391 (95)
Distal 379.4(91) 378 (95) 385 (93) 396 (96) 391(107) 390 (102) 392 (96) 403 (100)
MT  Prox 442(198) 447 (98) 450 (105)  455(101)  443(125) 450 (118) 439 (114) 454 (125)
Distal 504 (121)  519(119)  525(126)  527(130)  515(136)  519(147)  526(139) 526 (130)
PV Prox 947(282)  925(281)  918(270)  925(258)  970(356)  953(346) 956 (339) 951 (359)
Distal 1173 (370) 1139 (341) 1142 (351) 1172 (391) 1173 (407) 1189 (442) 1144 (390) 1167 (398)

%TAPV Prox 57 (9) 58 (9) 58 (8) 60 (8) 55 (10) 55 (10) 58 (10) 57 (8)
Distal 58 (5) 59 (6) 61 (5) 60 (6) 56 (7) 58 (5) 58 (7) 59 (5)

CEp Prox -12.5(4) -12.2 (5) -13.9 (5) -12.6 (6) -10.1 (9) -10.8 (9) -10.3 (10) -9.1(9)
Distal -24.3(11) -26.1(11) -248(11) -235(12) -21.0(15) -21.3(14) -242(15)  -19.4 (17)

VEr  Prox 13.0 (4) 11.5 (2) 12.0 (3) 11.8 (4) 15.2 (4) 14.1 (4) 15.1 (5) 14.8 (4)
Distal 15.3 (4) 14.5 (4) 13.0 (3) 12.9 (4) 19.5 (6) 19.2 (6) 18.0 (4) 18.3 (6)

Antipointing
Limb Visible Limb Occluded
Dependent - _
Index of difficulty (bits)
Variable

3 35 43 6.3 3 35 43 6.3
RT  Prox 437(104)  434(102)  447(117)  473(123)  445(107) 447 (114)  454(102) 470 (111)
Distal 449 (103) 443 (106) 449 (110) 467 (108) 456 (110) 451 (99) 463 (108) 469 (103)
MT  Prox 461(120)  470(127)  472(129)  482(131) 469 (130)  472(140) 480 (136) 482 (142)
Distal 536(112)  545(151)  536(138)  547(138)  563(148) 548 (155)  542(138) 548 (141)
PV Prox 790(244) 797 (274)  797(261)  801(258) 808 (269)  808(277)  811(269) 823 (276)
Distal 1050 (334) 1019 (353) 1003 (320) 1009 (340) 1059 (351) 1032 (357) 1029 (368) 1043 (361)
%TAPV Prox 58 (7) 59 (5) 58 (7) 60 (5) 57 (9) 58 (6) 57 (6) 57 (6)
Distal 59 (4) 59 (4) 59 (5) 59 (5) 58 (4) 58 (4) 59 (3) 60 (4)
CEr  Prox -349(12) -334(12) -31.2(11) -250(10) -253(12) -228(15) -19.6(13)  -14.6 (15)
Distal -41.2(19)  -43.3(20) -39.8(21)  -33.6(22) -31.2(19) -344(21) -334(25)  -23.7(24)
VEr  Prox 20.0 (4) 20.0 (5) 20.2 (4) 20.6 (4) 20.4 (4) 20.4 (4) 18.6 (3) 20.6 (5)
Distal  20.2 (5) 18.4(7) 20.0 (7) 19.0 (6) 20.4 (5) 21.8 (5) 22.6 (6) 22.1(7)

Table 2. Experimental means and between-participant standard deviations for reaction time (RT:
ms), movement time (MT: ms), peak velocity (PV: mm/s), percent time after peak velocity
(%TAPV), constant (CEp: mm) and variable (VEp: mm) error for antipointing limb visible and
limb occluded trials as a function of IDrits condition. Means are reported for both proximal
(Prox) and distal target amplitudes.
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4 Discussion

Previous work proposed that distinct neural networks support pro- and antipointing (Heath,
Maraj, Gradkowski, et al., 2009). Neuroimaging and electroencephalographic evidence suggests
that propointing is supported by the visuomotor networks of the dorsal visual pathway, whereas
antipointing is mediated via the visuoperceptual networks of the ventral visual pathway
(Connolly et al., 2000; Heath et al., 2012). The activation of the ventral visual pathway is
thought to reflect that the constituent elements of antipointing (i.e., response suppression and
vector inversion) are top-down and visuoperceptual processes. The primary goal of my
investigation was to determine whether antipointing adheres to Fitts' equation in line with their
propointing (i.e., visuomotor task) counterparts, and therefore further understand the extent to
which each task is mediated via a distinct visual network. To accomplish that objective,
participants performed pro- and antipointing responses to targets of varying IDrixs values in
conditions with (i.e., LV) and without (i.e., LO) online limb vision. The manipulation of target
IDrius in conjunction with the availability of online limb vision provided a framework for

identifying the constituent planning and control characteristics of antipointing.

4.1 Response planning: reaction time influenced by IDFits

Antipointing produced longer RTs and lower PVs than propointing as well as decreased endpoint
accuracy (1.e., larger CEp) and increased endpoint variability (i.e., VE). The RT results are in
line with the extant antisaccade (for review see Munoz & Everling, 2004) and antipointing
(Chua, Carson, Goodman, & Elliott, 1992; Heath et al., 2009; Heath, Maraj, Maddigan, &
Binsted, 2009) literature’s demonstration that response suppression and vector inversion required
for directionally correct antipointing are cognitively demanding and time-consuming processes
that increase movement planning times. Additionally, the antipointing differences in PV, CE,,
and VE, have been attributed to the fact that the top-down demands of decoupling stimulus-
response spatial relations renders the specification of movement endpoints via relative visual
information — an information source that provides increased uncertainty about target location

(Edelman, Valenzuela, & Barton, 2006; Heath et al., 2009; Neely, Binsted, & Heath, 2008).
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In terms of the impact of IDriws, RTs for pro- and antipointing across proximal and distal target
amplitudes showed a linear increase with increasing IDriws — a finding that is consistent with
some other research (Goggin & Christina, 1979; Klapp, 1975). It is, however, important to
recognize that Fitts and Peterson (1964) found that a change in RT was specific to amplitude-
based, but not width-based, changes to IDrits (see also Mohagheghi & Anson, 2002; Semjen &
Requin, 1976; Siegel, 1977), whereas Heath et al. (2011) found that RT did not reliably vary
with IDrius. The basis for the discrepancy is thought to reflect that veridical target width and
movement amplitudes have dissociable precision constraints, rather than a fixed unitary IDFigs
value (Mohagheghi & Anson, 2002). Thus, results may vary due to the changing target widths
and amplitudes used across multiple studies with each posing varying precision constraints.
Further, Klapp (1975) suggested that target widths have no effect on RT when presented at large
amplitudes because of the increased time for feedback during the movement, whereas shorter
target amplitudes require increased preparation time to account for the increased planning
demands for smaller targets. In terms of my research, I propose that the RT/IDriys relationship is
due to the need to lengthen response planning to account for the increased precision demands of
the small target widths used here. Moreover, that both pro- and antipointing showed a linear
RT/IDrigs relation suggests that movement planning processes are, in part, mediated via an

interaction between dorsal and ventral visual pathways (Glover, 2004).

4.2 Propointing and IDritts

MTs for propointing increased linearly with IDFixs across proximal and distal target amplitudes.
This is an entirely predicted finding in keeping with Fitts’ original research and the extensive
body of subsequent research on speed-accuracy relations for spatially compatible reaches (Chua
& Elliott, 1993; Elliott, Binsted, & Heath, 1999; Heath et al., 2009, 2011; for extensive review
see Plamondon & Alimi, 1997). In particular, the increase in MT with IDFis 1s frequently taken
to reflect the additional time required to make online corrections to the trajectory in order to meet
the increased precision demands associated with a target of greater IDrius (Fitts, 1954; Fitts &
Peterson, 1964). These online trajectory modifications are attributed to the control of the dorsal
visuomotor network that operates on a moment-to-moment basis and allows information
regarding limb position to be updated in real-time. In support of this view, CE, and VE, values

did not vary with IDFiys targets across proximal and distal target amplitudes — a pattern of results
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indicating that participants increased the duration of their response to maintain endpoint
accuracy. Furthermore, results for % TAPV showed a linear increase with increasing IDFius. As
indicated in the Introduction, %TAPYV is the stage of the response attributed to the evocation of
online and error-reducing trajectory amendments provided via proprioceptive and/or visual
feedback (Carlton, 1981; Chua & Elliott, 1993; Elliott, Binsted, & Heath, 1999). Hence, that
%TAPYV showed a linear relation with IDriys indicates the evocation of discrete and/or

continuous feedback-based trajectory corrections to maintain speed-accuracy relations.

4.3 Antipointing and IDrits

Antipointing results showed that MTs increased linearly with IDrixs for the proximal target
amplitude; however, MT did not reliably vary with IDriys for the distal target amplitude.
Moreover, antipointing produced CE;, values that decreased with increasing IDFiws, showing
greater accuracy to smaller targets at both proximal and distal target amplitudes. The presence of
the MT/IDrius relationship at the proximal — but not distal — target amplitude suggests that the
response mechanisms governing antipointing are amplitude-dependent. In accounting for this
finding, I propose that targets presented at a more eccentric location (i.e., further in the
peripheral visual field) are more reliant on allocentric visual information than their proximal
amplitude counterparts. According to van Donkelaar, Lee and Gellman (1994), when a stationary
target appears in the peripheral field, retinal and extraretinal signals provide the performer with
information about its eccentricity. This information is then used to calculate the appropriate
saccade to bring the target’s image onto the fovea to ensure a more accurate reaching movement
(Bock, 1986; Robinson, 1981). Further, Paillard and Amblard (1985) have demonstrated that two
distinct visual subsystems exist for static and kinetic vision. The former codes stable stimulus
features in central vision and has high spatial acuity, whereas the latter dominates the peripheral
retina and is tuned primarily for velocity and direction sensitivity (Paillard & Amblard, 1985). In
the present study, however, participants were required to maintain their gaze on a central fixation
point throughout the duration of the response rather than look directly at the target, limiting
targets to peripheral vision. This presents an interesting constraint on reaching because there is
evidence to suggest that reaching to targets in central and peripheral space rely on different
neural substrates. To illustrate this dichotomy, Pisella et al., (2009) showed that patients with

optic ataxia exhibit a performance deficit under conditions in which a stimulus is presented in
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peripheral vision in both perceptual and motor tasks, whereas performance to stimuli presented
in central vision is unaffected. Further, Prado et al., (2005) used event-related fMRI to measure
brain activity when participants reached toward central versus peripheral targets. Their results
indicated that reaches to the peripheral field engaged a more extensive network of cortical
activation than when reaching to the central visual field. In addition, when visual feedback is
unreliable the visuomotor system relies increasingly on relative visual cues (Neely et al., 2007).
Accordingly, I propose that antipointing responses in the peripheral visual field engage both
dorsal and ventral stream pathways in response evocation —a mode of control that decreases the

extent to which such actions are constrained by lawful speed-accuracy relations.

4.4 Antipointing governed by offline mode of control

In contrast to propointing, %TAPV for antipointing did not vary with IDgjys for either proximal
or distal target amplitudes. This result is taken as prima facie evidence that antipointing
responses are controlled via a mode of control that is distinct from their propointing counterparts.
In particular, I propose that propointing is controlled via a feedback-based mode of control,
whereas antipointing is controlled offline via a slow mode of cognitive control. Accordingly, it is
possible that the MT/IDFis relationship achieved in antipointing at the proximal amplitude may
be based on motor plans pre-programmed prior to movement onset. That is, veridical target
features are parameterized during movement planning and the ensuant response unfolds with
minimal online error corrections. Indeed, evidence suggests that the planning and control of
action exist in two distinct stages (Glover, 2002, 2004; Woodworth, 1899). Glover (2004)
reported that the planning system selects the appropriate motor program based on the reaching
environment and the goals of the performer. This selection considers a variety of visual
information including the size, shape, and orientation of a target. Importantly, Glover proposed
movement planning engages both visuoperceptual and visuomotor networks. As such, it is
possible that for an antipointing response to a proximal target eccentricity a degree of
interactivity between visuoperceptual and visuomotor networks permits response planning to
adhere to speed-accuracy relations. In turn, I propose that for a more eccentric target (i.e., the
distal eccentricity used here) that the response is planned using a process that relies more heavily

on a visual percept that does not adhere to speed-accuracy relations.
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4.5 The role of limb vision

Propointing trials with limb vision had greater % TAPYV at both target amplitudes than their limb
occluded counterparts. As well, limb visible propointing trials led to less variable endpoints (i.e.,
VE,) than limb occluded trials. These findings are consistent with research showing that the
presence of an ego-motion cue (i.e., the limb) renders an online mode of control in which the
unfolding trajectory is shaped via feedback-based corrections (Carlton, 1979; Carson, Goodman,
& Elliott, 1992; Chua & Elliott, 1993; Elliott, Carson, Goodman, & Chua, 1991). Further, it has
been shown that these trajectory corrections lead to the lengthening of time in the deceleration
phase of a response and produce decreased endpoint variability (Elliott, Binsted, & Heath, 1999).
In terms of antipointing, my results showed that MT, %TAPYV, and VE, did not vary as a
function of the availability of limb vision. These results are taken to evince that antipointing is
controlled offline and is therefore not influenced by the presence or absence of a salient ego-
motion cue. Indeed, research indicates that responses implemented without online limb vision
elicit temporally symmetrical velocity profiles as well as increased endpoint variability with
minimal (if any) corrections to the reach trajectory (Carlton, 1981; Elliott, 1988; Heath, 2005;
Langolf et al., 1976; Westwood, Heath, & Roy, 2001, 2003).

A surprising finding from the present work was that antipointing CE,, for limb occluded trials
was less than their limb visible counterparts. In accounting for this finding it is known that
advanced knowledge of the availability of limb vision influences the manner a response is
planned (Neely et al., 2007; Zelaznik et al., 1983). In particular, advanced knowledge that vision
will be occluded results in a cognitive strategy of enhanced storage of target information,
whereas knowledge that vision will be available has been shown to decrease target-based
encoding (Elliott & Madalena, 1987; Heath, 2005). It is therefore possible that increased target-
based encoding during limb occluded trials produced more accurate endpoints, whereas the
decreased encoding during limb visible trials combined with a slow-mode’ of cognitive control

contributed to increased endpoint error.
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4.6 Study limitations

One limitation of the study is that participants were unable to physically touch the target object,
as stimuli were presented as virtual renderings. Thus, when reaches were nearing the target area,
participants were uncertain whether they were within the target’s boundary — a sensorimotor
environment that decreases the potential for offline error detection and correction (Khan et al.
2002). Indeed, de Grosbois et al. (2015) noted that in Fitts’ original research participants had
access to tactile cues (i.e., augmented terminal feedback) at reaching endpoints which may have
contributed to the lawful speed-accuracy relations. Another limitation which is discrepant from
Fitts’ original work is that the smallest target widths (i.e., 0.5 and 0.75 ¢cm) used in my
investigation were smaller than the width of the effector used to complete pointing responses.
Fitts proposed that the variability associated with a response is, in part, determined by the
permissible tolerance of that response (i.e., the difference between the diameters of the target and
the effector). However, in my experiment, the width of the pointing finger was larger than the
width of two target sizes used here, creating a negative tolerance, which may have an effect on
the way in which a response adheres to speed-accuracy relations. A third limitation of this study
is that I did not independently manipulate target width and amplitude similar to Heath et al.
(2011). Such a manipulation may provide a more beneficial opportunity to observe the separate
effects of target width and movement amplitude on lawful speed-accuracy relations. Finally,
target vision was not manipulated in my study. Accordingly, the manipulation of target vision
independent of limb vision may provide further insight to the extent to which pro- and

antipointing actions adhere to Fitts’ equation.
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5 Conclusions

My results indicate that speed-accuracy relations in antipointing is amplitude-dependent.
Moreover, my findings demonstrate that antipointing is governed by a slow mode of cognitive
control supported via relative visual information mediated via the ventral visual pathway. In
accounting for the amplitude-dependency of antipointing, I propose that responses to proximal
targets are planned using both visuoperceptual and visuomotor networks, which allows for
response planning that adheres to speed-accuracy relations. Conversely, for a more eccentric
target, central processing mechanisms rely entirely on a visual percept that does not support
speed-accuracy relations. In addition, limb vision provided no advantage for antipointing
movements to make online trajectory corrections, further demonstrating the offline control of the

ventral visual pathway.
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