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Abstract

Visual perception is an important component of environmental navigation. Previous research has
revealed large individual differences in navigational strategies (i.e., the body's kinesthetic and
embodied approach to movement) and the perception of environmental surfaces (via distance
estimations), but little research has investigated the potential relationship between these sources of
individual variation. An important navigational strategy is the interaction between reliance on
visual cues and vestibular or proprioceptive cues. We investigated the role of this navigational
strategy in the perception of environmental surfaces. The results supported three embodied
evolutionary predictions: Individuals who were most reliant on visual context (1) overestimated
vertical surfaces significantly more, and (2) feared falling significantly more, than did those who
were least reliant on visual context; and (3) all individuals had roughly accurate horizontal
distance estimates, regardless of their navigational strategy. These are among the first data to
suggest that individual differences in perception are closely related to the individual differences in
navigation that derive from navigational risks. VVariable navigational strategies may reflect
variable capacities to perceive and navigate the environment.
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Visual perception and environmental navigation are essential psychological processes. In
light of this broad importance, it is curious that individuals show large differences in
perception and movement through the environment. For example, individuals vary greatly in
their selective attention to imagery (Nouchi, 2011) and estimates of environmental surfaces
(Jackson & Cormack, 2007, 2008; Stefanucci, Proffitt, Banton, & Epstein, 2005). There are
also large differences in estimations of navigability (Jiang & Mark, 1994), use of postural
stabilization strategies (Isableu, Ohlmann, Crémieux, & Amblard, 1998), and use of bodily
mechanics for memory and learning about the environment (Bridgeman & Hoover, 2008;
Witkin, Goodenough, & Karp, 1967). Despite the impact of these isolated individual
differences in visual and navigational mechanisms, their relationship remains unclear.
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A promising mechanism that integrates visual cues with perception and navigation of the
environment is visual field dependence. Visual field dependence is the extent to which a
person relies on visual context for actions such as navigation and physical interaction with
the environment (Coelho & Wallis, 2010; Isableu et al., 1998). For example, an individual
who relies most on visual context will perceptually orient with a tilted visual field, whereas
an individual who incorporates other contextual and bodily cues orients with gravity
(Oltman, 1968). Visual field dependence features large individual differences (Witkin et al.,
1967). Recent research has suggested that individual differences within visual field
dependence may reflect the prevalence of individual differences observed in navigational
choices of the physical environment (Coelho & Wallis, 2010; Redfern, Yardley, &
Bronstein, 2001). However, research has mainly focused on this construct in the context of
education and learning, rather than for navigation and visual perception of the environment
(Witkin, Moore, Goodenough, & Cox, 1977).

Vianin, Baumberger, and Fluckiger (2004) found that the individuals who most relied on
visual context in virtual reality could adapt to a viewpoint other than a natural point of view
that they would likely encounter. In contrast, the individuals who least relied on visual cues
were not very successful at adopting this noncentered point of view in virtual reality. This
finding suggests that the former individuals did not utilize vestibular cues to the extent that
such cues were utilized by the latter individuals. Vianin et al. suggested that the degree of
realism and the extent to which participants felt immersed in the virtual environment might
have departed significantly from the real environment. The lack of realism may have further
influenced the difference seen between groups due to conflicting visual, vestibular, and
proprioceptive cues. The horizontal distances featured in this study required less
proprioceptive and vestibular information, and were correspondingly far closer to accuracy,
than estimates of nonhorizontal surfaces (see Jackson & Cormack, 2007, 2008).
Unfortunately, research has not yet demonstrated how visual field dependence interacts with
the perception of real-world surfaces.

Some research has suggested that people overestimate distances on the basis of navigational
risks, especially those inherent specifically in vertical surfaces (i.e., falling; Jackson, 2005;
Jackson & Cormack, 2007). Correspondingly, previous research has shown much larger
individual differences in vertical estimates than horizontal estimates (Jackson, 2005, 2009;
Jackson & Cormack, 2007, 2008; Stefanucci et al., 2005; Teachman, Stefanucci, Clerkin,
Cody, & Proffitt, 2008). People who, due to poor balance, are less capable of successfully
navigating surfaces with falling risks should greatly emphasize alternative strategies, such as
reliance on visual cues. Indeed, failing to use bodily kinestetics when interacting with
vertical and sloped surfaces may lead to an overreliance on visual cues (Coelho & Wallis,
2010). Those who are most capable of successfully navigating vertical surfaces (i.e., good
balance) would incur little risk, and thus would not need to respond as strongly to such
situations with alternative navigation strategies. Those who most rely on visual cues should
have even greater estimates of vertical surfaces than do those who least rely on visual cues
when faced with surfaces containing falling risks. However, no research has linked
individual differences in visual dependence and environmental vertical perception.
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Due to the broad significance of the unknown relationship between individual differences in
navigation and vision, we examined this interaction in the present study. We investigated the
relationship between the perception of navigationally risky surfaces and individual
differences in visual field dependence. We expected that the perception of risky (vertical)
surfaces, but not of relatively safe horizontal surfaces, would reflect individual differences
in reliance on visual context due to the increased variability of visual cues when interacting
with vertical surfaces. To the extent that visual field dependence reflects a navigational
adaptation, we also expected that it would reflect individual differences in fear of falling.
Our predictions were as follows:

1. Individuals who are most reliant on visual context will have larger vertical
estimates than will those who are least reliant.

Vertical surfaces pose large visually detectable falling risks and require more coordination
of bodily kinesthetics than do horizontal surfaces (Coelho & Wallis, 2010; Jackson, 2009;
Jackson & Cormack, 2008). Distance estimates of vertical surfaces should reflect these
visual falling risks most in those who most rely on visual context.

2 All individuals will have roughly accurate horizontal estimates.

Horizontal surfaces do not pose a threat of falling and require less coordination of bodily
kinesthetics during navigation than do vertical surfaces (Jackson & Cormack, 2008; Jackson
& Willey, 2011). Individuals who are most reliant on visual context should thus estimate
distances in a similar fashion to those least reliant on visual context.

3 Individuals who are most reliant on visual context will have a greater fear of
falling than will those least reliant on visual context.

Individuals who are most reliant on visual context have less independent control of their
postural sway when encountering vertical visual cues (Isableu et al., 1998) and may adopt
affective strategies that both deter them from risky navigation and affect their visual
perception of vertical surfaces (Jackson, 2009).

A group of 33 participants with normal or corrected-to-normal vision completed a distance
estimation task, two measures of reliance on visual context, a measure of the fear of falling,
a demographic questionnaire, and other measures unrelated to the present study. All
participants received course credit for participating, and our institutional review board
approved of all procedures prior to the data collection. All research assistants (RAS) were
blind to the hypotheses throughout the experiment.

Materials and procedures

Distance estimation—Participants estimated a vertical and a horizontal 5.64-m distance
outdoors (see Fig. 1 for an illustrative schematic). The surfaces appeared on campus
structures, and painted orange dots indicated the distance to be estimated. For the vertical
estimate, participants looked over the side of a ledge (about four feet tall) and estimated the
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height of a concrete wall. For the horizontal estimate, participants estimated a distance on
concrete ground located above the wall on a main landing of campus. Participants estimated
via distance matching, in which they indicated a distance that looked equal to the estimated
distance, as follows: Participants stood in the same position for both estimates, during which
they instructed an RA to walk out away from them until the distance between the RA and
the participant appeared to be equal to the estimated distance. The surfaces that participants
estimated appeared at the same visual angle in relation to the surface on which participants
gave their estimates. Furthermore, the surfaces estimated were never in the same visual field
as the surface used for estimation. Researchers (Chapanis & Mankin, 1967; Higashiyama,
1996; Jackson & Cormack, 2007; Proffitt, 2006) commonly use distance-matching
techniques in such instances for their ability to capture visual distance perception with
measurable estimates. We alternated the order of the estimates between participants (17
participants estimated the vertical surface before the horizontal surface).

Reliance on visual context—We administered two measures of dependence on visual
context: the rod-and-frame test (RFT) and the Embedded Figures Test (EFT).

RFT—Our RFT apparatus resembled that of Oltman (1968). Each participant placed his or
her head at the end of a large tube (see the top panel of Fig. 2) and looked down the length
of a square frame toward a black rod (see the bottom panel of Fig. 2). Before each trial, an
RA positioned the rod and frame, independently, at either —18 deg or +18 deg away from
vertical, resulting in four trials. The participant then verbally instructed the RA to rotate the
rod until the participant felt that the rod was vertical (i.e., parallel with gravity), whereas the
frame remained tilted in the starting position (18 degrees). In order to remove bodily cues,
participants sat on a backless chair with a curtain over their heads, their hands in their laps,
without resting their feet on the floor. The RFT was specifically developed to measure the
visual field dependence construct, which the original author defined as a measure of
individual differences in the “susceptibility to contextual influences” (Oltman, 1968). The
task requires participants to disengage from the global visual influence of a tilted frame in
order to align the rod to gravitational vertical. Those with greater error in their estimates of
subjective vertical are thought to have greater reliance on visual information.

We averaged the absolute values of participant errors across the four trials. For the RFT, we
categorized individuals who averaged greater than 4 deg away from vertical as visually
dependent, and those who averaged less than 4 deg from vertical as visually independent,
resulting in 15 visually dependent participants (M £ 95 % CI = 8.08 £ 1.96 deg error) and 18
visually independent participants (2.13 + 0.47 deg error).

EFT—For each EFT problem, participants had to locate and trace a target shape within a
larger complex figure (taken from Witkin, Oltman, Raskin, & Karp, 1971; see Fig. 3 for a
simplified example). The RA asked the participant to complete three practice problems
before completing two 5-min test sections, each containing nine problems that increased in
difficulty. For the EFT, we categorized individuals who correctly identified nine or fewer
out of 18 correct target items as visually dependent and those with ten or more correct
identifications as visually independent, as per the testing manual. This resulted in 18 visually
dependent participants (M £ 95 % CI = 4.6 + 1.3 items correct) and 15 visually independent
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participants (14.5 + 1.2 items correct). The EFT was also specifically designed to measure
the visual dependence construct and requires the participant to focus on local features of the
visual scene and disengage from the global visual cues.

Although both tasks examine how global visual cues affect the performance of a local visual
task, the RFT allows for the use of bodily orientation as an alternative strategy to vision for
successfully portraying an accurate subjective vertical perception. In contrast, the EFT only
requires participants to exclude extraneous visual information in order to find the target
shape in 2-D space.

Composite—As in previous research, the RFT and EFT had moderately high convergent
validity, r(31) = .687, p < .001. In addition to the individual analyses of RFT and EFT
results outlined above, we also calculated z scores for each measure and averaged these
standardized scores for each participant, so as to create a composite score. Using zero as the
median, this calculation categorized 14 participants as visually dependent and 19 as visually
independent.

Although we will focus on correlations between the variables in this study, we also split our
sample on the basis of visual dependence parameters in order to compare our results to
existing literature that has used such dichotomizations, usually around the median for the
RFT or the midpoint of possible scores in the EFT (in this study, RFT median = 3.7 deg
error, EFT median = 8 items correct). Since the dichotomization of variables is ultimately
arbitrary, the results from the correlational analysis may better reflect the range and
relationship between variables.

Fear of falling—Participants filled out the anxiety subset of Cohen's (1977) original
acrophobia questionnaire in order to assess fear of falling. This was composed of 20
questions asking the participant to rate his or her level of anxiety on a 7-point scale (0 = not
at all anxious, would not avoid situation and 6 = extremely anxious, would not do it under
any circumstances) in response to varying scenarios in which they could fall. Example items
on this questionnaire included assessing how they would feel standing on a ladder leaning
against a house, second story and riding a Ferriswheel. We used the participant's total score
on this measure, which could range from 0 to 120. The RA asked the participant to fill out
the fear-of-falling questionnaire after all other tasks had been completed.

Results

Prediction 1

As predicted, participants with greater reliance on visual context had greater estimates of the
vertical surface (see the left panels of Fig. 4 and the top panel of Fig. 5).

RFT—The degree of error away from vertical on the RFT correlated positively with the
vertical estimates, r(31) = .31, p = .081 (see the top left panel of Fig. 4). Visually dependent
individuals according to the RFT made larger vertical estimates (M =95 % Cl = 12.84 +
2.08 m, n = 15) than did visually independent individuals (9.79 + 1.12 m, n= 18), t(31) = —
2.89, p =.007, d = 0.99 (see Fig. 5). Both visually dependent [t(14) = 7.42, p < .001] and
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visually independent [t(17) = 7.84, p < .001] individuals overestimated the vertical distance
by 128 % and 74 %, respectively.

EFT—The number of items correct on the EFT correlated significantly with the vertical
estimates, r(31) = —.44, p = .011 (see the bottom left panel of Fig. 4).Visually dependent
individuals according to the EFT made larger vertical estimates (12.32 £ 1.78 m, n = 18)
than did visually independent individuals (9.80 = 1.41 m, n=15), t(31) =2.29, p=.029,d =
0.81 (see Fig. 5). Visually dependent [t(17) = 7.93, p < .001] and visually independent [t(14)
= 6.34, p < .001] individuals overestimated the vertical distance by 119 % and 74 %,
respectively.

Composite—The composite measure correlated significantly with the vertical estimates, r
(31) = .41, p=.019. Visually dependent individuals according to the composite score made
larger vertical estimates (12.87 = 2.19 m, n = 14) than did visually independent individuals
(9.93+1.16 m, n=19), t(31) =-2.73, p = .010, d = 0.93 (see the top panel of Fig. 5).
Visually dependent [t(13) = 7.15, p < .001] and visually independent [t(18) = 7.79, p < .001]
individuals overestimated the vertical distance by 128 % and 76 %, respectively.

The average estimate of the vertical surface across all participants (11.18 £ 1.19 m) was
nearly twice the actual distance (5.64 m), t(32) = 8.94, p < .001. This replicated previous
observations (Jackson & Cormack, 2007, 2008).

Prediction 2

As predicted, participants’ horizontal estimates did not differ from accuracy, regardless of
reliance on visual context (see the right panels of Fig. 4 and the bottom panel of Fig. 5).

RFT—The RFT did not correlate with the horizontal estimates, r(31) =-.01, p=.951 (see
the top right panel of Fig. 4). Visually dependent individuals according to the RFT estimated
the horizontal surface (M £ 95 % Cl = 5.79 £ 0.24 m, n = 15) similarly to the visually
independent individuals (5.72 = 0.40 m, n = 18), t(31) =-0.31, p = .755 (see the bottom
panel of Fig. 5). Estimates from neither the visually dependent [t(14) = 1.34, p = .203] nor
the visually independent [t(17) = 0.42, p = .683] individuals differed significantly from
accuracy.

EFT—The EFT did not correlate with the horizontal estimates, r(31) =-.01, p=.976 (see
the bottom right panel of Fig. 4). Visually dependent individuals according to the EFT
estimated the horizontal surface (5.72 £ 0.23 m, n = 18) similarly to visually independent
individuals (5.78 £ 0.47 m, n = 15), t(31) = 0.25, p = .806 (see the bottom panel of Fig. 5).
The horizontal estimates from neither visually dependent [t(17) = 0.78, p = .449] nor
visually independent [t(14) = 0.66, p = .522] individuals differed from accuracy.

Composite—The composite score did not correlate with the horizontal estimates, r(31) =.
00, p=.986. Visually dependent individuals according to the composite score estimated the
horizontal surface (5.81 £ 0.24 m, n = 14) similarly to visually independent individuals (5.70
+0.39 m, n=19), t(31) =-0.471, p = .641 (see the bottom panel of Fig. 5). The estimates
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from neither visually dependent [t(13) = 1.58, p = .14] nor visually independent [t(18) =
0.36, p = .73] individuals differed significantly from accuracy.

The horizontal estimates across participants (5.75 £ 0.23 m) were indistinguishable from
accuracy (5.64 m), t(32) = 0.97, p = .339. These estimates were significantly shorter than the
estimates of the vertical surface, t(32) = 9.49, p <.001.

As predicted, participants who most relied on visual context had a greater fear of falling than
did those who least relied on visual contexts (see Fig. 6).

RFT—Errors on the RFTcorrelated with falling anxiety, r(31) = .35, p = .048 (see the top
panel of Fig. 6).Visually dependent individuals according to the RFT had a greater fear of
falling from vertical surfaces (M = 95 % CI = 37.8 £ 12.44) than did visually independent
individuals (22.94 + 6.08), t(20.519) = -2.22, p = .048, d = 0.75 (corrected for unequal
variances; see Fig. 7).

EFT—The numbers of items incorrect on the EFT correlated positively, but not
significantly, with falling anxiety, r(31) = .30, p = .096 (see the bottom panel of Fig.
6).Visually dependent individuals according to the EFT had higher acrophobia scores (35.11
+ 9.92) than did visually independent individuals (23.20 + 8.76), but this did not reach the
significance threshold, t(31) =-1.72, p = .094, d = 0.61 (see Fig. 7). These correlations were
in the predicted direction, which is a meaningful difference, although they were marginally
significant.

Composite—The composite scores correlated significantly with height anxiety, r(31) =.
35, p = .046, such that composite scores above zero (visually dependent participants)
corresponded with greater height anxiety. Visually dependent individuals according to the
composite score had higher acrophobia scores (35.50 + 24.22) than did visually independent
individuals (25.42 + 16.26), but this difference did not reach the significance threshold, t(31)
=-1.43,p=.162,d =0.49 (see Fig. 7).

The average fear-of-falling score across all participants was 29.70 £ 7.20 (95 % CI).

Discussion

As predicted, the data identified that individual differences in visual distance perception (as
measured by distance estimates) meaningfully correspond with individual differences in
navigational preference. We found that participants who most relied on visual information
tended to have greater estimates of vertical surfaces, and greater fear of falling, than did
those who least relied on visual information. Additionally, these differences in visual
dependence did not reflect the relatively smaller individual differences found in horizontal
estimates. These are among few data that have addressed the potentially embodied
relationship between real-world navigation and specific visual cues.
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These data importantly identify that navigational skills, such as bodily kinesthetics, may
predict visual distance estimates. Some research has suggested that temporary navigational
goals and hindrances may influence visual perception, implying that vision is only
momentarily stable (Balcetis & Dunning, 2010; Proffitt, Stefanucci, Banton, & Epstein,
2003; however, others have failed to replicate similar effects—see Durgin et al., 2009;
Hutchison & Loomis, 2006; Woods, Philbeck, & Danoff, 2009). In contrast, we suggest that
individual differences in relatively stable navigational abilities that are dependent on
environmental dangers likely predict distance perception. We believe that this interpretation
coincides more closely with the original ideas of Gibson (1966), who highlighted the
importance of navigational capabilities and multisensory integration, rather than higher-
order intentional cognitive processes, on visual perception. Navigational sensory preferences
may influence fear of falling in a similar and relatively independent manner. Future
researchers should investigate how the malleability of such navigational skills (i.e., sudden
or gradual developments or deficiencies) may affect an individual's visual perception.
Further research will be needed to investigate the interaction between other bodily
characteristics and the navigational strategies that may produce differences in distance
estimates and navigation. Physical navigation mechanisms should reflect the trends
investigated here, and we are actively investigating this area (Willey & Jackson, 2014).

Future directions in this research can use the present data as a foundation in order to more
fully address specific areas within this domain. The present research required only a small
sample size to address our original research question and to detect the relationship between
visual and navigational individual differences. Furthermore, we did not recruit participants
over a broad spectrum of acrophobia with controlled oversampling at the extreme ends of
the acrophobia spectrum (e.g., Jackson, 2009). These two factors made it difficult to detect
smaller effect sizes clearly, such as the significance of fear of heights and vertical estimation
(Jackson, 2009; Teachman et al., 2008), although these data did specify this relationship.

In the present study, we defined distance perception as the combination of sensing the
environment and processing that sensation to elicit judgments about environmental
distances. Because of the inclusiveness of this definition, any observed effects within
distance estimates could have been a result of any part of this judgment process, rather than
of perception alone. Similarly, whereas we have characterized visual field dependence as a
reliance on visual information, the tasks that we used may have reflected the judgment
process rather than true perception of subjective vertical. Thus, other mechanisms that are a
part of an individual's strategy to complete the RFT and EFT may likely contribute to their
respective scores. Further research should be conducted to identify the exogenous
mechanisms that contribute to performance on these tests.

Individuals utilize very different navigational strategies, and we found that one of these
strategies had an important relationship with individual differences in visual distance
estimation. The present study is among the first to examine the interaction within these
sources of variation. We are now investigating other navigational mechanisms that may
contribute to the perception of vertical distances and to visual field dependence in people
with high risks of falling (Willey & Jackson, 2014). This research holds implications in
broad areas of ubiquitous behaviors related to vision and navigation. Differences across
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individuals in these areas may help us understand the role of embodiment and the
consequences that arise during environmental navigation.
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Fig. 1.
Distance estimation procedure (not to scale). The dotted icon represents the participant, a

represents the estimated vertical distance, and b represents the estimated horizontal distance
(both equal to 5.64 m). The arrow indicates the direction in which the research assistant
walked for all estimates
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Fig. 2.
(Top) Third-person view of the rod-and-frame (RFT) apparatus. The research assistant (on

the left) rotated the rod per the participant's verbal instructions until the participant estimated
the rod to be vertical with respect to gravity. The participant (on the right) sat on a backless
chair with a curtain over his or her head and viewed a tilted rod that appeared at the end of a
tilted frame. (Bottom) Participant view from inside the RFT apparatus. In this particular
trial, the rod is initially placed at —18 deg and the frame set is at +18 deg away from vertical.
Participants also completed the following trials: rod +18 deg and frame +18 deg, rod — 18
deg and frame -18 deg, and rod +18 deg and frame —18 deg, for a total of four trials

Atten Percept Psychophys. Author manuscript; available in PMC 2015 May 13.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Willey and Jackson

Page 13

Fig. 3.
Noncopyrighted example of a typical embedded figures item. Participants searched for and

traced a specified simple shape (right panel) within a more complex shape (left panel)
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Fig. 4.
(Top left) Correlation between vertical distance estimates and visual reliance, based on the

rod-and-frame test. (Bottom left) Correlation between vertical distance estimates and visual
reliance, based on the Embedded Figures Test. The dashed line indicates the actual distance
(5.64 m) on both graphs. (Top right) Correlation between horizontal distance estimates and
visual reliance, based on the rod-and-frame test. (Bottom right) Correlation between
horizontal distance estimates and visual reliance, based on the Embedded Figures Test. The
dashed line indicates the actual distance (5.64 m) on both graphs
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Fig. 5.

(T?)p) Relationship between mean estimates of a vertical surface and visual reliance across
tasks. (Bottom) Relationship between mean estimates of a horizontal surface and visual
reliance across tasks. The dashed lines indicate the actual distance (5.64 m), gray bars
indicate visually dependent individuals, and white bars indicate visually independent
individuals. Error bars represent 95 % confidence intervals about the means. *p < .05
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Fig. 6.
(Top) Correlation between height anxiety scores and visual reliance, based on the rod-and-

frame test. (Bottom) Correlation between height anxiety scores and visual reliance, based on
the Embedded Figures Test
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Fig. 7.

Relationship between average scores on the height anxiety questionnaire and visual reliance
across tasks. Gray bars indicate visually dependent individuals, and white bars indicate
visually independent individuals. Error bars represent 95 % confidence intervals about the

means

Atten Percept Psychophys. Author manuscript; available in PMC 2015 May 13.



