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Abstract
Judgments of egocentric distances in well-lit natural environments can differ substantially in indoor versus outdoor contexts.
Visual cues (e.g., linear perspective, texture gradients) no doubt play a strong role in context-dependent judgments when cues are
abundant. Here we investigated a possible top-down influence on distance judgments that might play a unique role under
conditions of perceptual uncertainty: assumptions or knowledge that one is indoors or outdoors. We presented targets in a large
outdoor field and in an indoor classroom. To control visual distance and depth cues between the environments, we restricted the
field of view by using a 14-deg aperture. Evidence of context effects depended on the response mode: Blindfolded-walking
responses were systematically shorter indoors than outdoors, whereas verbal and size gesture judgments showed no context
effects. These results suggest that top-down knowledge about the environmental context does not strongly influence visually
perceived egocentric distance. However, this knowledge can operate as an output-level bias, such that blindfolded-walking
responses are shorter when observers’ top-down knowledge indicates that they are indoors and when the size of the room is
uncertain.
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The ability to determine how far away objects are from ourselves
is crucial for interacting effectively with the world. Much prog-
ress has been made in understanding how vision is used to de-
termine self-to-object distances (i.e., egocentric distances). Past
work has focused predominantly on identifying discrete sources
of visual information (e.g., binocular parallax or absolute dispar-
ity, accommodation, angular declination, etc.) and on character-
izing their relative effectiveness (e.g., Foley, 1991; Philbeck &
Loomis, 1997; Sedgwick, 1986). In addition to this online visual
information, however, some stored knowledge about the envi-
ronment is almost always available. Even without vision, one
typically knows whether one is indoors or outdoors, on the basis
of one’s recent experience seeing the environment and navigating
to the current location. In principle, this stored knowledge could
influence one’s judgments of egocentric distance. For example, if
one assumes that the surrounding environment is relatively small,

very large distances would be quite unlikely, and this could tend
to bias the range of overt judgments of distance (and possibly
even the underlying perceived distances) toward shorter distances
(Yang& Purves, 2003). Presumably, the influence of this kind of
information would be largely outweighed when online visual
information about object distances is abundant. Under conditions
of perceptual uncertainty, however, expectations and assump-
tions (about the size of the environment, in this case) may well
play a more prominent role (Geisler & Kersten, 2002). Avariety
of factors can create perceptual uncertainty by limiting the visual
system’s ability to extract and process visual spatial cues (e.g.,
low light level, high attentional load, restricted field of view, and
brief viewing durations; Barlow, 1958; Gajewski, Philbeck,
Pothier & Chichka, 2010; Lunsman et al., 2008; Watson,
1986). These conditions occur often in real-world settings, and
thus there are many everyday opportunities for this top-down
knowledge to potentially influence how objects are localized.
Testing for this kind of influence presents challenges, but this
article describes a series of experiments designed to evaluate this
idea, specifically with respect to knowledge that one is in an
indoor versus an outdoor environment.

Indoor and outdoor environments differ along a number of
dimensions: For instance, indoor environments are typically
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more enclosed, smaller, less Bopen,^ and less Bnatural,^ and
also present more boundaries and constraints on possible ac-
tions than do outdoor environments. Although real environ-
ments vary in the extent to which they exhibit these properties,
here we focused on more prototypical indoor versus outdoor
environmental contexts—that is, those that can be assumed to
exhibit most of the features commonly associated with these
contexts. Some past work has predicted, and shown, differ-
ences in spatial judgments between indoor and outdoor envi-
ronments. Specifically, several authors have noted that well-lit
indoor settings are often more cluttered than outdoor settings,
and thus offer a more Bcue-rich^ stimulus environment for
localizing objects in distance—denser gradients of texture,
binocular disparity, linear perspective, and so forth (e.g.,
Cutting & Vishton, 1995; Teghtsoonian & Teghtsoonian,
1970; Toye, 1986; Wagner, 1985; Wu, He, & Ooi, 2007).
One consequence of relatively impoverished cue conditions
is a tendency for perceived distances to be biased toward a
single, specific distance, which varies between observers but
is typically between 1 and 3 m (the so-called Bspecific-dis-
tance tendency^; Gogel, 1984). If outdoor environments on
average offer a more impoverished constellation of distance
and depth cues than do indoor environments, one might thus
expect that outdoor distance judgments beyond this range
should be smaller than would indoor judgments of the same
physical object distances—that is, they should be more biased
toward the specific-distance tendency. For example, a target
placed beyond 3 m would be more prone to underestimation
outdoors because the relatively impoverished distance infor-
mation in that environment is insufficient to fully counteract
the bias toward the 1- to 3-m range of the specific-distance
tendency. This is indeed the general pattern (Andre & Rogers,
2006; Da Silva, 1985; Teghtsoonian & Teghtsoonian, 1970).

More recently, Lappin, Shelton, and Rieser (2006) manip-
ulated environmental context (indoor hallway, indoor atrium,
and outdoor lawn) and found evidence of an expansion of
perceived egocentric distances indoors relative to outdoor en-
vironments. Witt, Stefanucci, Riener, and Proffitt (2007)
found that egocentric distance judgments were larger when
targets were seen in the context of the shorter end of a long
indoor hallway than the longer end of the same hallway; al-
though the environment was the same in both cases, the visual
surroundings and spatial cues specified a smaller versus a
larger context. However, neither of these studies was designed
to isolate the cue bases underlying these context effects, and
therefore, important details about the mechanism of these
findings remain unknown. Another complication is that the
context effects in Witt et al. differed by response mode. No
context effects were found when blindfolded walking was
directed to the target location itself. However, context effects
were found when participants used blindfolded walking, in
which they viewed a target, then closed the eyes and attempted
to reproduce the target distance by walking in a direction

opposite to the target. Context effects were also found when
participants used a visual matching response, in which partic-
ipants viewed a target and then directed an experimenter to
position a second target to match the egocentric distance of the
first. Fully accounting for response-mode differences is a size-
able challenge, and the Witt et al. study was not designed with
that intention. Nevertheless, for the present purposes, these
studies are intriguing because they suggest that distance judg-
ments are larger in smaller environments, at least under some
conditions.

One difficulty for any attempt to assess the possible role of
assumptions about environmental context on perceived dis-
tance is that these assumptions are almost invariably con-
founded with the presence of strictly visual determinants of
setting size. As we noted above, it is reasonable to assume that
the weighting of top-down influences will be minimized when
visual cues about object distance are abundant, so in an ideal
test, some restriction of the visual cues would create a situa-
tion that would be favorable for such an influence to manifest.
Our approach here was to use field-of-view (FOV) restriction
to control the visual cues between indoor and outdoor envi-
ronments. In this case, the occluder created a Breduced cue^
context, one that occludesmost or all of the visual features that
would ordinarily signal that one is in an indoor or outdoor
environment. Although it is difficult to achieve a complete
match between the FOV-restricted indoor and outdoor stimu-
lus views (e.g., some variations in lighting and surface texture
might still occur), we argue that this manipulation is largely
successful in controlling the purely visual cues. To manipulate
participants’ assumptions or knowledge about the surrounding
environmental context, we took advantage of their ability to
remember how they had navigated to reach the testing area.
We tested them in an indoor or an outdoor environment, on the
assumption that they would be aware that they were indoors or
outdoors. With the visual stimulus more or less the same be-
tween environments, any indoor–outdoor effect should be
based on the participants’ top-down awareness of the environ-
mental context.

These experiments also involved several different response
modes: blindfolded walking, verbal reports, and Bsize
gestures.^ In the size gesture response, participants indicate
the target’s size by gesturing with their unseen hands.
Leveraging from evidence that size and distance judgments
are linked, estimates of target size have been used as an indirect
measure of perceived distance (for a review, see Epstein, Park,
& Casey, 1961). Because participants do not report directly on
the target distance, this measure provides a means of minimiz-
ing a particular form of response bias, or postperceptual pro-
cessing—namely, using explicit reasoning to deduce the tar-
get’s distance, rather than reporting on its perceived distance
(Philbeck &Witt, 2015). In addition to response bias, response
mode differences in spatial judgments can stem from a wide
variety of other factors, such as the locus of cortical
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processing and the specific aspect of perception thought to un-
derlie the response (e.g., perceived distances vs. perceived
locations or relative vs. absolute perception; Andre & Rogers,
2006; Foley, 1977; Loomis, da Silva, Fujita, & Fukusima,
1992; Philbeck & Loomis, 1997; Vishton, Rea, Cutting, &
Nuñez, 1999). Our manipulation of response modes here was
not intended to comprehensively discriminate between these
distinctions. Instead, we used blindfolded walking and verbal
reports because both are commonly used in indoor and outdoor
environments (e.g., Andre & Rogers, 2006; see also Loomis
et al., 1992, for an early review). Most crucially for our pur-
poses, blindfolded-walking responses are constrained by the
size of the environment, and this could be one source of the
environmental-context effects. Verbal reports and size gestures
are not similarly constrained, and thus provide a means of eval-
uating this issue.

Experiment 1

If assumptions about the size of the unseen environmental
context influence visually perceived egocentric distance, this
influence should manifest when vision is restricted to the tar-
get and the ground plane that immediately surrounds it. Under
such circumstances, the visual determinants of environmental
context are occluded and the visual cues to egocentric target
distance are largely equated across environments. Presumably,
however, observers retain the knowledge that they are indoors
or outdoors, owing to their recent memory of traveling to the
testing environment, and this knowledge is not impacted by
FOV restriction.

This experiment tests three fundamental predictions. (1)
Under FOV restriction, we predicted that egocentric distance
judgments should be larger in outdoor than in indoor environ-
ments, in keeping with the top-down assumption that the dis-
tribution of possible distances is larger outdoors than indoors.
(2) Under full-FOV conditions, we predicted that, if outdoor
settings provide less abundant and/or less useful visual cues,
underestimation should be greater outdoors than indoors.

Going further, comparing performance with and without
FOVrestriction would allow us to address the issue of whether
purely visual cues that specify an environmental context may
play a stronger role in some environments than others. As we
mentioned earlier, there is general acknowledgement that the
quality and quantity of visual cues might be higher indoors
than outdoors, but little is currently known about the relative
weightings of these cues in producing indoor–outdoor effects.
Simply comparing distance judgments in indoor versus out-
door contexts under full-FOV viewing does not permit a clean
assessment of the relative role of visual cues local to the target
in comparison to visual cues about the environmental context,
because a full FOV would typically confound local and con-
textual information in both settings. Comparing performance

with and without FOV restriction across contexts would pro-
vide a measure of the extent to which purely visual cues to the
environmental context play a role in influencing judgments of
target distance, over and above the cues available in the region
immediately local to the target. Accordingly, (3) our third
prediction was that if visual cues specifying the environmental
context are more abundant (or are weighted more strongly) in
indoor than in outdoor environments, manipulating FOV
should have a larger effect indoors than outdoors, because
FOV restriction would occlude the more reliable or abundant
contextual cues available in the indoor environment.

Method

Participants Twenty-eight individuals from the George
Washington University community participated in the experi-
ment. All of the participants were 18 to 28 years of age, re-
ported normal or corrected-to-normal vision, and were paid
$10/h or participated in exchange for course credit.

Design Environmental context (indoor vs. outdoor) and FOV
(restricted vs. full view) were manipulated within subjects. All
participants were tested in both contexts but with context
blocked and context order counterbalanced. This
counterbalancing was achieved by randomly assigning partic-
ipants to one of two groups: the indoor-first group or the
outdoor-first group. Within each context, FOV (restricted vs.
full view) was also administered in blocks (i.e., blocks within
blocks), though the restricted-view condition was always ad-
ministered first within each context. Distance order was ran-
domized within each block. Distance estimates were made via
blindfolded walking (e.g., Gajewski et al., 2010; Gajewski,
Philbeck, Wirtz, & Chichka, 2014; Philbeck & Loomis,
1997).

Stimuli and apparatus The target was a thin (1 cm) wooden
board (4.0 × 19.4 cm) painted bright yellow. It was placed flat
on the ground at one of seven distances (3.0, 3.5, 4.0, 4.5, 5.0,
5.5, and 6.0 m) from the observer. Photographs of the indoor
and outdoor environments are shown in Fig. 1a and b. The
indoor environment was an empty laboratory that extended
9.5 m in depth from the participant’s viewing position (room
dimensions were 5 × 11 m). The lighting was bright yet dif-
fuse. The ceiling was covered with rectangular drop-ceiling
tiles, and the walls were painted in a light cream color. The
floor was covered with a light blue, low-pile carpet with no
obvious repeating patterns (see Fig. 1a). The outdoor environ-
ment (see Fig. 1b) was a grassy campus square that extended
approximately 23 m from the participant’s viewing position
(the grassy dimensions were 17 × 38 m). The square was
bounded by buildings and sidewalks, and at times pedestrians
in the distance could be visible to the observer in the full-view
condition. Although the outdoor environment was on campus
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and may have been seen by some participants at some point
prior to their arrival to the session, they were nevertheless led
onto the field without vision and without knowledge of their
precise location on the field. Prior visual experience with the
tested viewpoint was thus reasonably well-controlled.

In the restricted-view conditions, participants viewed the
targets through an aperture that limited their FOV. To create
the aperture, a set of clear laboratory goggles was covered
with electrical tape, and a small opening was created in the
tape that allowed a monocular view of the scene (right eye)
approximately 14.5° high × 17.2° wide. Although not crucial
for the purposes of this article, all conditions and all experi-
ments here involved monocular viewing. This was achieved
either with the goggle aperture (restricted-view conditions) or
with an eye patch over the left eye (full-view conditions).
Monocular viewing was chosen because it is simpler to im-
plement monocular FOV restriction; binocular FOV restric-
tion would require adjustment for each individual based on
interpupillary distance. A blindfold was employed during
walking, and hearing protectors were employed throughout
the session in order to minimize the impact of auditory cues.

Procedure In both contexts, participants were not allowed to
see the testing space in advance. Before entering the testing
space, they were instructed about how to use the blindfolded-
walking response to indicate target distances—specifically,
they were instructed to lower a blindfold after viewing the
target, and then indicate the target’s remembered location by
walking without vision and stopping at the location.
Participants were outfitted with goggles, eye patch, blindfold,
and hearing protectors, around the corner from the outdoor
context and outside of the room when testing was indoors.
Participants were led without vision into each context and
maneuvered to the viewing position. In all conditions, the
duration of viewing was controlled by a large black poster
board held about 40 cm from the participant’s face. The head
was held steady in all conditions. This procedure was

employed to prevent visual exploration when viewing was
restricted. At the beginning of each trial, the participant was
instructed to raise the blindfold, and the experimenter then
lowered the board to initiate viewing. The duration of viewing
was approximately 5 s. The experimenter raised the board to
terminate viewing and instructed the participant to close his or
her eyes and lower the blindfold. The experimenter then said
BClear^ to indicate that the target was removed and the par-
ticipant should commence walking. Walking was accom-
plished without assistance and without error feedback.

In the restricted-view condition, viewing was through the
aperture, but head direction was held steady. A head-angle
calibration procedure was employed to ensure that participants
began each trial with the target in view (i.e., so that head
movement was not required to find the target). Outside the
laboratory and before the experiment began, a marker was
placed on a pole oriented vertically and positioned 0.5 m in
front of the participant. On the basis of the participant’s eye
height, the marker was positioned so that it would correspond
to the gaze angle centered for the range of object distances
employed. Participants then adjusted the goggles and their
head angles to center the marker in their restricted FOV. At
the beginning of each trial, the participants were instructed to
raise the blindfold and open their eyes. With the posterboard
obstructing their view, they were told to find the marker on the
stick and then hold their head steady. The experimenter then
put the stick to the side and lowered the posterboard to initiate
viewing. In the full-view condition, vision was not restricted
and participants were free to move their gaze about the scene,
though head position was held steady throughout the trial.

Data analysis The data were subjected to a mixed analysis of
variance (ANOVA), with block order as a between-group var-
iable, and context (indoor, outdoor), FOV (full, restricted
view), and distance as within-subjects variables. Table 1 sum-
marizes the data in terms of response sensitivity and bias.
Response sensitivity represents the degree to which response

Fig. 1 Photographs of the environments used in Experiments 1–4. White
boxes show the approximate field of view in the restricted-view condi-
tions. (a) Indoor environment with carpeted floor (Exps. 1 and 2 only) and
with artificial turf (inset at lower right; Exps. 3 and 4 only). (b) Outdoor

environment. Both full and restricted views were available in
Experiments 1 and 2; only the restricted view was available in
Experiments 3 and 4
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distance differed systematically with differences in the dis-
tance of the target. It was calculated as the slope for each
observer’s best-fitting regression line in each condition.
Generally speaking, as differences in response sensitivity be-
tween conditions become more pronounced, the likelihood
increases of a reliable Condition × Distance interaction in
the ANOVAs presented below. Bias represents the overall
tendency toward under- or overestimation. Table 1 reports
the bias (i.e., mean error) as a percentage of the mean of the
actual distances.

Results

Mauchly’s tests indicated that the sphericity assumption was
violated for all contrasts involving the distance variable [all
χ2s (20) > 32.40, all ps < .041]. In the ANOVA results report-
ed below, degree-of-freedom corrections were applied for
these contrasts using Greenhouse–Geisser estimates of sphe-
ricity (εs = .447 [Distance], .730 [Context × Distance], .711
[FOV × Distance], and .706 [Context × FOV × Distance]).

Because we found no main effect of block order and no
block order interactions (all ps > .10), collapsed data are
depicted in Fig. 2. A main effect of distance can be seen,

F(2.68, 69.79) = 224.41, p < .001, ηp
2 = .896, indicating that

responses were strongly sensitive to the physical target dis-
tances. Responses were greater in outdoor than in indoor con-
texts, F(1, 26) = 83.17, p < .001, ηp

2 = .762, and this was
qualified by a reliable Context × FOV interaction, F(1, 26) =
15.92, p < .001, ηp

2 = .380. Pairwise comparisons (two-tailed t
tests, with Bonferroni correction for multiple comparisons)
showed that all pairs of contrasts were reliably different, ps
< .0001, except for the comparison between the outdoor-full
and outdoor-restricted conditions, p = .027, which fell above
the Bonferroni-adjusted alpha level of .008. The means under-
lying this interaction were indoor–restricted = 3.63m, indoor–
full = 4.20 m, outdoor–restricted = 4.62 m, and outdoor–full =
4.43 m.

No main effect of FOVemerged, F(1, 26) = 2.55, p = .123,
ηp

2 = .089. There were, however, reliable Context × Distance,
F(4.38, 113.84) = 3.36, p = .010, ηp

2 = .115, and FOV ×
Distance, F(4.26, 110.90) = 6.30, p < .001, ηp

2 = .195, inter-
actions. We found no other reliable interactions (all Fs < 2.98,
all ps > .096).

Discussion

Experiment 1 produced three key findings. First, in keeping
with our first prediction, an effect of environmental context
was observed in the restricted-view condition. Specifically,
when the goggles were worn, participants made greater dis-
tance responses outdoors than indoors. This outcome provides
clear support for the idea that one’s assumptions about the
(unseen) environmental context play a role in performance,
because the cues were similarly reduced in both viewing con-
texts. Second, contrary to our second prediction, no evidence
emerged that there was more underestimation outdoors than
indoors in the full-FOV condition. In fact, the opposite was
true. Third, an effect of FOV restriction was observed only

Table 1 Means and between-subjects standard errors for sensitivity
(given by the slope relating response distance to target distance) and bias
(given by the percent mean signed error across distances) in Experiments
1 and 2

Sensitivity Bias

Exp. 1 (Blindfolded Walking) – Indoor First

Indoor, restricted view 0.75 (0.07) –25.8 (5.5)

Indoor, full view 0.99 (0.06) –12.7 (4.2)

Outdoor, restricted view 0.99 (0.06) –3.0 (6.1)

Outdoor, full view 1.16 (0.08) –3.1 (5.0)

Exp. 1 (Blindfolded Walking) – Outdoor First

Indoor, restricted view 0.88 (0.09) –13.0 (4.1)

Indoor, full view 1.17 (0.08) –0.5 (5.7)

Outdoor, restricted view 1.07 (0.13) 8.5 (6.5)

Outdoor, full view 1.23 (0.09) 0.1 (5.4)

Exp. 2 (Size Gesture*) – Indoor First

Indoor, restricted view 0.46 (0.13) –26.5 (9.6)

Indoor, full view 0.86 (0.12) –14.3 (8.5)

Outdoor, restricted view 0.47 (0.11) –33.1 (9.5)

Outdoor, full view 0.71 (0.09) –15.2 (11.2)

Exp. 2 (Size Gesture*) – Outdoor First

Indoor, restricted view 0.62 (0.08) –14.9 (4.9)

Indoor, full view 1.01 (0.08) 1.1 (4.2)

Outdoor, restricted view 0.36 (0.08) –13.9 (6.3)

Outdoor, full view 0.80 (0.12) –2.6 (5.1)

Both experiments used carpet as the indoor floor covering. * These data
represent perceived target distances along the ground, as inferred from
size gesture responses using Eq. 1.
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Fig. 2 Mean response distance as a function of target distance and field of
view in Experiment 1. Performance in the indoor and outdoor contexts is
shown on the left and right, respectively. Error bars show ±1 standard
error; the thick lines show the best-fitting linear functions through the
mean data. Carpet was the floor covering in the Bindoor^ viewing context
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when indoors. This suggests that visual contextual cues have
more influence indoors than outdoors.

One interpretation of these findings is that the performance
differences between contexts with restricted view arose be-
cause observers were operating under different sets of as-
sumptions. Indoors, the top-down assumption (under FOV
restriction) was that the space would be small because it was
known to be indoors, and the distance judgments were biased
accordingly. When the FOV restriction was removed, distance
judgments were larger, perhaps because the visual cues spec-
ified a larger space than had been assumed. Outdoors, the top-
down assumption was of a large space, and the judgments
were biased accordingly. When the FOV restriction was re-
moved, the judgments did not change appreciably, perhaps
because the visual cues specified an environment similar to
the assumed size.

Although this interpretation can account for the observed
data and maintains a role for top-down assumptions about the
environment size on perceived egocentric distance, an alter-
native account remains viable. This alternative posits that the
targets were in fact perceived closer outdoors than indoors in
the full cue condition, in keeping with some past work (Andre
& Rogers, 2006; Da Silva, 1985; Teghtsoonian &
Teghtsoonian, 1970), but that this perceptual bias toward un-
derestimation was offset by a response bias to walk farther
when observers assumed they were in a large, outdoor envi-
ronment. Analogously, the selective undershooting with re-
stricted viewing indoors reflects a reluctance to produce the
full extent of the intended walk without vision when the room
size is unknown. This view predicts that evidence of context
effects would be sensitive to the particular response modes
used. More specifically, the blindfolded-walking response,
because walking is constrained by the physical size of the
environment, should exhibit larger differences between the
indoor and outdoor environments; response modes that are
not constrained by the environment size (e.g., verbal estimates
of distance or distance estimates inferred from manual size
judgments) should exhibit smaller context effects, if any. We
tested this idea in Experiments 2–4. To foreshadow our re-
sults, these experiments provided evidence for the alternative
interpretation—that is, that top-down knowledge of environ-
mental size influenced the blindfolded-walking responses at
the response execution stage, rather than influencing percep-
tion per se.

Experiment 2

Earlier, we posited that assumptions about the size of the en-
vironment have an impact on perceived distance. However,
because indoor environments are enclosed spaces, an alternate
possibility is that blindfolded-walking judgments are general-
ly smaller indoors, particularly when the room size is

uncertain. Consistent with this idea, we have run a number
of studies indoors with viewing durations that arguably
prohibited an appreciation of the room size, and these studies
have generally shown underestimation at all distances (e.g.,
Gajewski et al., 2010; Gajewski, Philbeck, et al., 2014;
Gajewski, Wallin, & Philbeck, 2014). Undershooting might
occur, for example, if people are hesitant to walk indoors
without vision because they are concerned about bumping
into walls—walls that observers might reasonably assume to
be fairly close if they are uncertain of the actual room size. If
observers are concerned about bumping into a wall, their re-
sponses for farther targets—the is, those closer to the walls—
might exhibit disproportionately more underestimation than
responses for closer targets, perhaps resulting in a compres-
sive, nonlinear pattern of results. To our knowledge, no stud-
ies have reported such a tendency. A complication is that some
earlier studies involving blindfolded walking provided ob-
servers with several minutes’ exposure of walking without
vision under the guidance of an experimenter, ostensibly to
reduce any hesitation that observers might have felt to walk
without vision (e.g., Philbeck & Loomis, 1997; Rieser, Pick,
Ashmead, & Garing, 1995; Steenhuis & Goodale, 1988).
Empirically, this practice does tend to reduce undershooting
(Elliott, 1987), although subsequent work has suggested that
the mechanism is likely due to perceptuomotor recalibration
rather than decreased hesitancy (Philbeck, Woods, Arthur, &
Todd, 2008). This means that some work involving
blindfolded walking indoors might have failed to exhibit un-
dershooting because a predisposition to underwalk when in-
doors was cancelled out by a tendency to walk farther due to
perceptuomotor recalibration. Taken together, then, the evi-
dence suggests that concerns about safety are unlikely to ex-
plain underwalking when indoors.

Nevertheless, there is a suggestion in the literature that
walked distances indoors (even in multicue viewing contexts)
can be somewhat shorter than responses for the same target
distances in outdoor contexts because of different response
attitudes or strategies (Iosa, Fusco, Morone, & Paolucci,
2012). Even if participants are not explicitly concerned about
the wall—the experimenters do, after all, ensure their safety—
the possibility remains that participants are less inhibited or
constrained in their walking when outdoors. Larger, faster,
and more confident strides might translate to the response to
distance being elevated to some degree across the entire ma-
nipulated distance range. Whatever the source, rather than
influencing the perception of distance, assumptions about size
of the space might instead impact performance at a
postperceptual output stage.

Experiment 2 investigated this possibility by closely
matching the design of Experiment 1, but with a response
mode that was not constrained by the size of the environmen-
tal context. In Experiment 2 we used the size gesture tech-
nique, in which participants indicated the physical size (the
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width) of an object by spreading their hands apart accordingly.
According to the size–distance invariance hypothesis (see
Kilpatrick & Ittelson, 1953), perceived distance may be in-
ferred from indications of object size by using Eq. 1:

perceived distance

¼ physical distance=physical sizeð Þ* indicated size: ð1Þ

This equation is agnostic as to the source of errors in per-
ceived distance. Thus, in principle it can be applied under a
variety of conditions—for example, conditions that restrict
distance and depth cues, as well as conditions that elicit mis-
perception of distance by altering the perceived slant of the
ground plane (Wu, Ooi, & He, 2004). There has been debate
as to the extent to which this relationship holds true (e.g.,
Epstein et al., 1961; Haber & Levin, 2001; Mon-Williams &
Tresilian, 1999), but many studies have shown at least some
behavioral linkage between indications of distance and size
(for a review, see Sedgwick, 1986). As such, even if this rela-
tionship does not hold exactly, the size gesture response pro-
vides some indication of changes in perceived distance be-
tween conditions, which is the focus of the present experi-
ment. Critically, responses with this response mode should
not be constrained by knowledge about the proximity of the
back wall in the indoor context. If target distances indoors
were perceived to be closer indoors when the context was
obscured, presumably due to top-down assumptions about
the environmental context, the FOV restriction should have
an effect here similar to the one in Experiment 1.
Conversely, if the context effect under FOV restriction that
we observed in Experiment 1 was due to response (output)
biases related to the blindfolded-walking response, the context
effect should disappear in Experiment 2, in which a response
mode was used that was not constrained by the environment
size.

Method

Participants Twenty-eight new individuals from the George
Washington University community participated in the experi-
ment. The data from two participants were not included in the
analyses because on several trials an inferred ground distance
could not be defined—the size gesture in these cases sug-
gested an eye-to-target distance that was less than the ob-
server’s eye height. This exclusion yielded a final sample size
of 26. All of the participants were 18 to 30 years of age,
reported normal or corrected-to-normal vision, and were paid
$10/h or participated in exchange for course credit.

Stimuli and apparatus The targets were bright yellow, rectan-
gular sheets of foam placed on the floor at one of seven dis-
tances (3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0 m) from the

observer. Here, the physical size of the targets varied system-
atically with distance, which held the angular size of the target
constant (subtending approximately 0.52 × 3.67 deg of visual
angle) and provided a stimulus dimension to drive the physi-
cal size judgments. All trials were conducted in the same con-
texts as in Experiment 1 (see Fig. 1a and b) and with the same
goggles, eye patch, blindfold, and hearing protectors.

Design and procedure As in Experiment 1, environmental
context (indoor vs. outdoor) and FOV (restricted view vs. full
view) were manipulated within subjects. All participants were
tested in both contexts, but with context blocked and context
order counterbalanced; the restricted-view condition was al-
ways administered first within each context. The general pro-
cedure was the same as in Experiment 1. Here, however, the
response mode was blindfolded size gesturing. Participants
were informed that the targets would vary in terms of both
size and distance, but that participants should always indicate
the targets’ size. When responding, participants began with
their hands flat together and spread them in parallel to indicate
the width of the target object. This was accomplished without
vision. The experimenter then measured and recorded the
space between the hands. Participants practiced the response
outside the laboratory with two desktop objects and were
allowed to see their responses once they were completed.
Size gestures during the experimental trials were performed
without error feedback, and target distance was randomized
within each block.

Data analysis There are several ways to approach the analysis
of size gesture data. Our primary interest was in the use of the
size response as an indirect measure of perceived distance
(Gogel, 1984; Loomis & Philbeck, 2008; Rand, Tarampi,
Creem-Regehr & Thompson, 2011; Sedgwick, 1986). For
ease of exposition and ready comparison between the re-
sponse modes, we considered distance inferred from the size
gesture. Using Eq. 1, above, we computed the perceived eye-
to-target distance from the target’s physical size, its physical
egocentric distance, and the participant’s size gesture re-
sponse. Assuming that the observer knows the target is on
the ground, we can then trigonometrically extract the per-
ceived distance along the ground from the apparent eye-to-
target distance. This approach was advantageous because ef-
fects on response sensitivity and bias could be compared more
readily with more direct indications of distance (e.g.,
blindfolded walking and verbal reports). Critically, the pat-
terns of statistical results generally did not differ from those
based on direct analysis of the actual size responses. This was
the case despite the fact that one participant had to be excluded
from the inferred distance analysis. Several of this partici-
pant’s size responses were extraordinarily small, which sug-
gested apparent distances that were smaller than the partici-
pant’s eye height and rendered ground distance undefined.
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Results

As in Experiment 1, Mauchly’s tests indicated that the sphe-
ricity assumption was violated for all contrasts involving the
distance variable [all χ2s (20) > 30.94, all ps < .058]. In the
ANOVA results reported below, degree-of-freedom correc-
tions were applied for these contrasts using Greenhouse–
Geisser estimates of sphericity (εs = .416 [distance], .668
[Context × Distance], .612 [FOV × Distance], and .674
[Context × FOV × Distance]).

We again observed no main effect of block order and no
block order interactions (all ps > .144), so collapsed data are
depicted in Fig. 3. Likewise, we again found a main effect of
distance, F(2.49, 59.89) = 92.11, p < .001, ηp

2 = .793. In
contrast to Experiment 1, here there were no main effect of
context, F(1, 24) = 1.22, p = .280, ηp

2 = .048, and no Context
× FOV interaction, F(1, 24) = 0.01, p = .934, ηp

2 < .001. Also
unlike Experiment 1, Experiment 2 revealed a main effect of
FOV, F(1, 24) = 36.36, p < .001, ηp

2 = .602, which was
qualified by a reliable FOV × Distance interaction, F(3.67,
88.16) = 11.56, p < .001, ηp

2 = .325. This interaction reflected
a tendency toward reduced response sensitivity and smaller
responses in restricted-view conditions (see Table 1). No other
interactions were reliable (all Fs < 2.26, all ps > .068).

Discussion

Unlike in the results of Experiment 1, in which the walked
indications of target distance were generally smaller indoors
than outdoors, here we found no difference in the responses
indoors versus outdoors. In addition, there was no evidence
that this tendency was manifested differently under restricted
versus full FOV. Put differently, FOV-restricted viewing had
similar effects on the size gesture responses indoors versus
outdoors. This contrasts with the findings of Experiment 1,

in which an effect of FOV restriction was only found in the
indoor environment.

Although fully accounting for the differences between
Experiments 1 and 2 is beyond the scope of this article, we
propose that the blindfolded-walking and size gesture re-
sponses were subject to different response-specific output
biases. According to this view, the targets in both experiments
were in fact perceived closer under FOV restriction, in keep-
ing with past work (Creem-Regehr, Willemsen, Gooch, &
Thompson, 2005; Wu et al., 2004). In Experiment 1, however,
this perceptual bias toward underestimation under FOV re-
striction was offset by a response bias to walk somewhat far-
ther when observers assumed they were outdoors, perhaps
because they felt less constrained by the environment. This
trade-off effectively nullified the behavioral manifestation of
the perceptual underestimation caused by FOV restriction. In
Experiment 2, a similar response bias was not manifested in
the size gesture responses, presumably because the size ges-
tures were not constrained by the physical size of the environ-
ment in the way that blindfolded-walking responses were.

Experiment 3

Experiments 1 and 2 provided conflicting evidence for our
original hypothesis, namely that one’s top-down knowledge
or assumptions about the environmental context might influ-
ence perceived distance under conditions of perceptual uncer-
tainty: Experiment 1, using blindfolded walking, produced an
effect of environmental context under FOV restriction, where-
as Experiment 2, using size gestures, did not. As we have
argued, restricting the FOV with a small aperture occludes
most of the bottom-up (visual) cues that act to differentiate
between indoor and outdoor environments. In Experiments 1
and 2, however, the visible ground plane textures differed
between environments, with the indoor ground being covered
by low-pile carpet and the outdoor ground being covered by
grass. In principle, these visible differences (rather than top-
down knowledge) could have been sufficient to drive the in-
door–outdoor response differences in Experiments 1 and 2 in
unforeseen ways—for example, by altering the optical slant of
the ground plane—and possibly in a response-specific manner
(He, Wu, Ooi, Yarbrough, & Wu, 2004). The best test of a
possible influence of top-down knowledge of environment
size on distance judgments would entail having exactly equal
visible ground textures between indoor and outdoor environ-
ments. This ideal is very difficult to attain in real environ-
ments. In Experiment 3, however, we nevertheless attempted
to come closer to this ideal by using an artificial-turf ground
covering for the indoor environment. As in Experiment 1, we
used blindfolded walking as the response mode, but here we
focused on the restricted FOV. These conditions would pro-
vide a particularly well-controlled opportunity to observe
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influences of top-down knowledge of environment size under
the blindfolded-walking responsemode, in that the visual sim-
ilarity of the stimulus and its immediate surroundings seen
through the aperture would be more nearly equated across
environments. If we found an effect of environmental context
similar to the one in the restricted-view conditions of
Experiment 1 (i.e., more undershooting indoors), this would
suggest that the effect does not depend crucially on the visual
properties of the ground covering, and would therefore more
strongly implicate top-down environmental knowledge.
Experiment 4, below, would address the separate issue of
whether such an effect of environmental context reflects a
bona fide impact on perceived egocentric distances or instead
is due to top-down influences on response (output) biases.

Method

Participants Fifty new individuals from the George
Washington University community participated in the experi-
ment. All of the participants were 18 to 23 years of age, re-
ported normal or corrected-to-normal vision, and participated
in exchange for course credit.

Stimuli and apparatus The targets were three thin rectangular
boards painted bright yellow. The boards were of three sizes
(10.5 × 14.9, 11.9 × 17.9, and 13.8 × 20.7 cm) and were
placed on the ground at one of seven distances (3.0, 3.5, 4.0,
4.5, 5.0, 5.5, and 6.0 m). On each trial, the long axis of the
target was randomly oriented to be either parallel to the line of
sight or in a frontoparallel plane. Thus, size varied, but not
systematically with distance. All trials were conducted within
the same indoor context employed in Experiments 1 and 2,
except that here artificial turf grass was placed on the floor of
the laboratory (see Fig. 1a). The aim was to approximate the
visual texture of the local ground surface that had been seen
through the aperture outdoors in Experiments 1 and 2. All
trials were conducted with the same goggles, blindfold, and
hearing protectors as in those previous experiments. Because
there was no full-view condition in this experiment, the gog-
gle aperture was used to impose monocular vision, and no eye
patch was used.

Design and procedure The environmental context (indoor vs.
outdoor) was manipulated between groups. All trials used the
restricted-view condition. As in Experiment 1, participants
indicated distance via blindfolded-walking responses. The
procedure was otherwise matched to those of Experiments 1
and 2.

Results

Mauchly’s test indicated that the sphericity assumption was
violated for the distance contrast [χ2(20) = 69.99, p < .001]. In

the ANOVA results reported below, degree-of-freedom cor-
rection was applied for this contrast using the Greenhouse–
Geisser estimate of sphericity (ε = .709). The data from
Experiment 3 are shown in Fig. 4. Parameter estimates for
all conditions are reported in Table 2.

We found a main effect of context, F(1, 48) = 34.73, p <
.001, ηp

2 = .420, such that responses indoors were smaller than
those outdoors (means 3.28 vs. 4.58 m, respectively). There
was also a main effect of distance, F(4.25, 204.22) = 67.73, p
< .001, ηp

2 = .585, but no Distance × Context interaction,
F(4.25, 204.22) = 1.85, p = .117, ηp

2 = .037.

Discussion

The results were qualitatively similar to those in the restricted-
view conditions of Experiment 1, with responses in the out-
door environment being generally larger than those in the
indoor environment. Interestingly, the pattern was similar
even though the indoor ground covering was very different
in Experiment 3 from that in Experiment 1. It is nearly impos-
sible to completely match a grassy ground texture in real-
world environments; even if the exact physical texture were
used, differences in lighting could still change the visual tex-
ture. Nevertheless, given the reasonable assumption that the
ground texture between environments would be more nearly
matched here than in Experiment 1, the results indicate that
top-down knowledge about the environment size likely played
a dominant role in driving the indoor–outdoor effects in
Experiment 3. A remaining issue is whether this top-down
knowledge caused a perceptual rescaling of the environment,
or whether it influenced the blindfolded-walking responses
primarily at the output stage—for example, due to participants
feeling constrained or hesitant to walk indoors when the
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environment was assumed to be small, or to an opposite ten-
dency to walk farther outdoors when the environment was
assumed to afford more space. This is a difficult question to
answer definitively, but Experiment 4 we attempted to address
the issue by replicating Experiment 3 with two response
modes that were not constrained by the size of the environ-
ment. If top-down knowledge about environmental size pri-
marily influenced the perception of egocentric distances in
Experiments 1 and 3, similar effects of context under FOV
restriction should be found using two responses that were
unconstrained by the physical size of the environment. If the
context effects in Experiments 1 and 3 operated primarily at
the response (output) stage, the context effects should disap-
pear, or at least be diminished, when using these two response
types.

Experiment 4

The primary goal of Experiment 4 was to augment the size
gesture responses of Experiment 2 with verbal reports of target
distance. Including both response types here provides some
continuity with Experiment 2, by repeating the usage of size
gesture responses, and also the opportunity to explore the
generalizability of the size gesture data to another response
mode that is not constrained by the action space. Using verbal
report of egocentric distance judgments has a rich empirical
history in research (Da Silva, 1985), so using this response
mode would provide an empirical link to the extensive past
literature. Accordingly, Experiment 4 replicated the design of

Experiment 3 but used the verbal report and size gesture re-
sponse modes instead of blindfolded walking. We again used
artificial turf as the ground covering indoors, to more nearly
equate the similarity of the target stimulus and its immediate
visual surround as seen through the FOV-restricting aperture.
If the context effect from Experiment 3 was due to an output-
level response tendency associated with the blindfolded-
walking response, rather than to a genuine perceptual context
effect elicited by top-down assumptions about the environ-
ment size, we predict that no context effect should emerge in
Experiment 4, when the response modes were not constrained
by the physical size of the environment.

Method

Participants Fifty new individuals from the George
Washington University community participated in the experi-
ment. All of the participants were 18 to 30 years of age, re-
ported normal or corrected-to-normal vision, and were paid
$10/h or participated in exchange for course credit.

Stimuli and apparatus The targets were three thin rectangular
boards painted bright yellow on one side and bright orange on
the other. The boards were of three sizes (10.5 × 14.9, 11.9 ×
17.9, and 13.8 × 20.7 cm) and were placed on the ground at
one of seven distances (3.0, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0 m).
A relatively minor methodological difference from
Experiment 3 is that here, the targets were angled to stand
roughly perpendicular to the observer’s line of sight. As in
Experiment 3, on each trial the long axis of the target was
randomly oriented to be either parallel to the line of sight or
in a frontoparallel plane, so that size varied, but not systemat-
ically with distance. All trials were conducted within the same
indoor and outdoor contexts employed in Experiments 1–3,
except that here, as in Experiment 3, artificial turf grass was
placed on the floor of the laboratory. All trials were conducted
with the same goggles, blindfold, and hearing protectors. As
in Experiment 3, monocular vision was imposed by using the
aperture goggles in all conditions, and thus no eye patch was
required.

Design and procedure Participants were assigned to one of
two groups: the indoor-first group or the outdoor-first group.
All trials employed the restricted-view condition. Target color
(orange or yellow) varied between blocks and was
counterbalanced. This was done to minimize biases toward
producing the same responses between blocks, which might
arise if participants assumed that the exact same stimulus pa-
rameters were being used in both contexts. Participants gave
verbal estimates of the distance to the targets in the metric that
was most familiar (most typically in feet). Prior to testing and
outside of the testing spaces, the experimenter presented the
observers with a yardstick and stood 3 feet shoulder-to-

Table 2 Means and between-subjects standard errors for sensitivity
(given by the slope relating response distance to target distance) and bias
(given by the percent mean signed error across distances) in Experiments
3 and 4

Sensitivity Bias

Exp. 3 (Blindfolded Walking) – Restricted View

Indoor 0.75 (0.07) –25.8 (5.5)

Outdoor 0.99 (0.06) –3.0 (6.1)

Exp. 4 – Outdoor First – Restricted View

Indoor, verbal 0.71 (0.06) –40.1 (4.6)

Indoor, distance inferred from size* 1.01 (0.13) 1.5 (7.3)

Outdoor, verbal 0.67 (0.07) –41.8 (4.4)

Outdoor, distance inferred from size* 0.85 (0.09) 5.3 (6.6)

Exp. 4 – Indoor First – Restricted View

Indoor, verbal 0.76 (0.08) –44.0 (3.3)

Indoor, distance inferred from size* 0.86 (0.17) –4.9 (7.0)

Outdoor, verbal 0.79 (0.07) –33.8 (4.8)

Outdoor, distance inferred from size* 0.92 (0.10) 1.4 (7.5)

Both experiments used artificial turf as the indoor floor covering. * These
data represent perceived target distances along the ground, as inferred
from size gesture responses using Eq. 1.
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shoulder from them to refresh in their mind on the size of the
unit of measure. Participants gave verbal and size gesture re-
sponses on every trial. The procedure was otherwise matched
to those of Experiments 1–3.

Results

The data from Experiment 4 are shown in Fig. 5. Verbal and
size gesture responses were analyzed in separate ANOVAs.
The verbal analysis showed a Block Order × Context interac-
tion (see below), suggesting that the responses in the context
experienced in Block 2 were systematically influenced by the
context experienced in the preceding block. For this reason,
Fig. 5 plots first-block data only, to show responses that are
not influenced by these carryover effects. Parameter estimates
for all conditions are reported in Table 2.

Verbal distance estimates Mauchly’s tests showed that the
sphericity assumption was violated for the distance and
Distance × Context contrasts [both χ2s (20) > 40.79, both ps
< .004]. In the ANOVA results, the degrees of freedom for
these contrasts were corrected using Greenhouse–Geisser es-
timates of sphericity (εs = .646 [distance] and .802 [Context ×
Distance]). Although no main effect of block order was ap-
parent, F(1, 48) = 0.22, p = .641, ηp

2 = .005, we did observe a
reliable Context × Block Order interaction, F(1, 48) = 4.83, p
= .033, ηp

2 = .091. Aside from a main effect of distance,
however, F(3.87, 185.92) = 119.25, p < .001, ηp

2 = .713, there
were no other reliable effects or interactions (all Fs < 2.93, all
ps > .093).

Distance inferred from size gestures Two data points were
eliminated before analysis because an inferred ground

distance could not be defined—the size gestures in these cases
suggested an eye-to-target distance that was less than the ob-
server’s eye height. Mauchly’s test indicated that the spheric-
ity assumption was violated for the distance and Distance ×
Context contrasts [both χ2s (20) > 35.51, both ps < .018]. In
the ANOVA results, the degrees of freedom for these contrasts
were corrected using Greenhouse–Geisser estimates of sphe-
ricity (εs = .682 [distance] and .805 [Context × Distance]).
The only contrast to reach significance in this analysis was
distance, F(4.09, 188.30) = 48.73, p < .001, ηp

2 = .514 (all
other Fs < 1.78, all other ps > .189).

Discussion

A benefit of manipulating indoor versus outdoor context with-
in subjects is that this increases statistical power by leveraging
the repeated measures within participants. Here, however,
block order interacted with context for the verbal responses,
such that the verbal responses were greater in the outdoor
context, but only when the indoor block was administered
first. This indicates that some unintended between-block in-
fluences were operating when verbal responses were used.
One possibility is that participants remembered their specific
verbal responses or the range of their verbal responses from
the first block and explicitly scaled their responses in the sec-
ond block with reference to their responses in the first. Size
gesture and blindfolded-walking responses might be less sus-
ceptible to this kind of effect, to the extent that these action-
based responses are less verbalizable, and perhaps thus less
memorable between blocks. Additional work would be re-
quired in order to interpret these block order effects and de-
termine their source, but exploring these issues is beyond the
scope of the present article. Focusing on first-block perfor-
mance, with context varying between groups, provides a
means of assessing context effects without any carryover ef-
fects from a previous block. The two context groups consisted
of 25 participants each, thereby approximately equaling the
statistical power of the within-subjects context manipulation
in Experiment 2 (n = 28, total). In the first-block data, verbal
responses did not differ reliably between the indoor and out-
door contexts, F(1, 48) = 0.90, p = .765, ηp

2 = .002, and
similarly, we found no effects of context with the size gesture
responses, F(1, 47) = 0.66, p = .420, ηp

2 = .014. The fact that a
robust context effect emerged in Experiment 3, with the
blindfolded-walking responses, but no evidence of context
effects in Experiment 4, with either verbal or size gesture
responses, suggests that output-level response biases were
the source of the environmental context effects in
Experiment 3 (and in Exp. 1).

The size gesture responses here appeared to differ some-
what from those collected in Experiment 2, with the gestured
sizes being closer to accurate in Experiment 4, on average,
than in Experiment 2. The explanation for this apparent
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difference is unclear. One methodological difference was that
in Experiment 4, the physical target sizes were paired random-
ly with target distance—thus yielding a variety of angular
target sizes; by contrast, in Experiment 2, the angular target
size was kept constant across target distances. The lack of
variation in angular sizes in Experiment 2 may have reduced
the range of size gesture responses relative to Experiment 4.
The floor coverings also differed between experiments (carpet
in Exp. 2 vs. turf in Exp. 4). Whatever the explanation for the
apparent difference in the size gesture responses might be, the
comparison of interest in both experiments was the within-
subjects comparison in responses between the indoor and out-
door contexts. In both experiments, size gesture responses did
not differ reliably between the indoor and outdoor contexts.

General discussion

At the outset, we suggested that assumptions or knowledge
about the size of the surrounding environment might play
some role in scaling judgments of object distances within
the environment. We set out to test this idea in the context of
real indoor and outdoor contexts. In the present series of ex-
periments, we found clear evidence of environmental context
effects. Interestingly, however, these effects were strongly de-
pendent on the response modality, as well as on whether a full
or restricted FOV was provided. We will organize our discus-
sion of context effects around the FOV manipulation.

Context effects under restricted FOV

We assumed that the top-down effects associated with knowl-
edge about the size of the environment would be minimal
when visual (data-driven) information was abundant.
Accordingly, to equate visual information between environ-
ments as much as possible and create conditions favorable for
top-down assumptions or knowledge to be manifest, in some
conditions we restricted observers’ FOVusing an aperture that
occluded all but the target and its immediately surrounding
ground surface. The environmental context effects under these
restricted-view conditions depended strongly upon response
mode. In Experiments 1 and 3, using the blindfolded-walking
technique, distances were underestimated indoors relative to
outdoors. In Experiment 2, in which distances were inferred
using the size gesture technique, responses did not differ be-
tween indoor and outdoor environments. In Experiment 4,
using a different ground covering indoors, we again found
no difference between indoor and outdoor performance in
either size gesture or verbal responses.

It is important to note that artificial turf and real grass do
not appear completely identical; even if the ground covering
were completely identical, differences in lighting between the
environments could create differences in visible texture that

might be relevant for distance and layout perception.
Nevertheless, on the assumption that the artificial turf and
grass ground coverings provided a reasonable match of the
visual cues (including local ground texture) across environ-
ments, Experiment 4 was our strongest test of the possible
influence of top-down environmental assumptions or knowl-
edge on visually perceived distance. This study showed, how-
ever, that even under these matched conditions there was no
apparent influence of this kind of top-down effect—a result
confirmed with two very different response modes (size ges-
tures and verbal reports). Although we tested two relatively
common settings, it remains possible that top-down environ-
mental context effects might manifest under other circum-
stances (e.g., much larger differences in setting size or the
target distances).

Experiment 3 used conditions identical to those in
Experiment 4, including a close matching of the visible
ground textures across environments, but used blindfolded
walking rather than verbal or size gesture responses. The
blindfolded-walking responses in Experiment 3 did show ev-
idence of top-down knowledge of the environmental size,
such that distances were underestimated more while indoors.
We interpret the differing results between Experiments 3 and 4
as stemming from response-specific postperceptual (output)
effects. According to this view, knowledge of the environmen-
tal context had very little impact on the underlying perceived
distances across contexts. When blindfolded walking was
used to judge distances, observers presumably were aware that
they were indoors but otherwise had no basis for knowing
how much space was available for them to walk without vi-
sion. The fact that participants generally underwalked under
these circumstances may reflect a tendency to be conservative
when producing walked distances, owing to uncertainty about
the room size. This interpretation is supported by the lack of
an indoor–outdoor difference in Experiment 1, in which full
views of the environments were provided; presumably, the full
FOV minimized uncertainty about the room size (see also
Andre & Rogers, 2006). Also, the indoor undershooting dis-
appeared in Experiment 4 using two response types (verbal
and size gesture responses) that were not constrained by the
environment size.

Context effects under full FOV

In general, the pattern of indoor versus outdoor effects that we
saw in Experiments 1 and 2 under full FOVs mirrored the
effects found in past studies (Andre & Rogers, 2006; Lappin
et al., 2006; Witt et al., 2007), such that target distances were
judged to be somewhat larger indoors than the same physical
distances outdoors, at least for distances inferred from size
gestures; even with blindfolded-walking responses, however,
the response sensitivity slopes were higher indoors than out-
doors. Our data support the assumption that data-driven visual
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information is generally stronger and/or more abundant in
indoor than in outdoor environments. Indoor and outdoor en-
vironments are distinguished by a great many distinct visual
differences (e.g., visible ground texture, the availability of
linear perspective or binocular disparity cues, location of the
visible horizon, etc.), but as yet the relative importance of
these various differences is unknown and remains an impor-
tant topic for future research.

Effect of FOV restriction

Although the foregoing discussion may give the impression
that the pattern of undershooting indoors under the
blindfolded-walking response mode stems purely from a re-
sponse bias (e.g., walking less to avoid bumping into an un-
seen wall), it is important to point out that the results of our
FOV manipulation in Experiments 1 and 2 point to an addi-
tional perceptual component. Specifically, restricting the FOV
when indoors resulted in similar decrements in performance
for both blindfolded-walking judgments and distances in-
ferred from size gestures. This result generally confirms those
from past work (Creem-Regehr et al., 2005; Wu et al., 2004).
This pattern is also understandable from an informational per-
spective, because restricting the FOV often has the effect of
occluding the visual information that specifies the scale of the
environment (e.g., texture gradient along the ground surface;
He et al., 2004; Li & Durgin, 2012; Sinai, Ooi, & He, 1998).
Taken together, these results suggest that the indoor
blindfolded walking undershooting under FOV restriction
stems from both perceptual underestimation and response bi-
as. The outdoor blindfolded walking in Experiment 1 was
apparently unaffected by FOV restriction. Our view is that
some perceptual underestimation did indeed occur for these
outdoor walking responses, in keeping with the outdoor size
gesture responses in Experiment 2 and in past work (Creem-
Regehr et al., 2005; Wu et al., 2004). These responses did not
show evidence of perceptual underestimation, however, be-
cause blindfolded walking outdoors was effectively released
from the walking-specific response bias present when indoors.

In our Experiment 2, size gesture responses were better-
scaled under full FOV in both indoor and outdoor environ-
ments. In Experiment 1, however, we found no effect of FOV
restriction in blindfolded-walking judgments conducted out-
side; this apparently contrasts with Wu et al. (2004), who
found that blindfolded-walking responses outside after FOV-
restricted target viewing were scaled more poorly than those
under full-FOV target viewing. We have also found no effect
of completely occluding the nearby ground surface in indoor
environments (Gajewski, Wallin, & Philbeck, 2014). The
source of these apparent discrepancies with earlier work per-
formed by Wu et al. (2004) remains unclear. The answer may
be related to uncontrolled cross-experiment variations in the
availability of other visual information lying outside the

nearby ground surface that could be used to scale visual space.
In past work, we have speculated that the global visual infor-
mation specifying the size of the environment (i.e., coming
from outside the nearby ground plane) might be used to scale
visual space, perhaps in addition to information in the nearby
ground surface (Gajewski, Philbeck, et al., 2014; Gajewski,
Wallin, & Philbeck, 2014). If this is true, the visual system’s
reliance on relatively local ground plane cues versus more
global environment size cues might itself depend upon the
environmental context, with the nearby ground plane taking
on relatively more weight in outdoor environments, which
provide fewer planar surfaces in depth, fewer texture gradi-
ents, less linear perspective, and so forth. More research will
be required in order to address this issue.

Conclusions

Taken together, these results confirmed past work showing
that environmental context influences distance judgments.
We drew a distinction between context effects stemming from
visual (data-driven) information between environments and
effects stemming from top-down assumptions or knowledge
about the environmental context. Our results speak to the rel-
ative importance of these two potential sources in producing
effects of environmental context in distance judgments. In our
experiments, top-down assumptions about the context played
a role particularly for blindfolded-walking responses when
participants were unaware of the exact size of the environment
but likely assumed it to be relatively small. When the re-
sponses were not constrained by the size of the environment,
however, we found little evidence for a role of top-down as-
sumptions in the relatively common experimental contexts
that we tested.
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