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Abstract

Corrections applied by the visual system, like size constancy, provide us with a coherent
and stable perspective from ever-changing retinal images. In the present experiment we
investigated how willing adults are to examine their own vision as if it were an uncorrected
2D image, much like a photograph. We showed adult participants two lines on a wall, both of
which were the same length but one was closer to the participant and hence appeared visu-
ally longer. Despite the instruction to base their judgements on appearance specifically,
approximately half of the participants judged the lines to appear the same. When they took a
photo of the lines and were asked how long they appeared in the image their responses
shifted; now the closer line appeared longer. However, when they were asked again about
their own view they reverted to their original response. These results suggest that many
adults are resistant to imagining their own vision as if it were a flatimage. We also place
these results within the context of recent views on visual perspective-taking.

1. Introduction

Corrections applied to sensory input by the visual system, such as size constancy, ensure that
the retinal image we receive is encoded in a manner that allows us not to be fooled’ into think-
ing that a man far away is somehow smaller than a child who is nearby. The distinction
between the perception of ‘flat plane’ retinal image features and perception of an object’s ‘real’
physical features was explicit in Rock’s theory of perception [1]. Here, these were referred to as
proximal mode and constancy mode and the distinction was seen as particularly important
within developmental psychology [2]. Following the early work of Holway and Boring [3], the
standard paradigm required observers to judge the size of different stimuli (usually discs), that
were placed at different distances from the viewer, and compare these with a sample stimulus.
Based on results from this paradigm, Shallo and Rock [4] put forward what Granrud and
Schmechel [2] later called the proximal mode sensitivity hypothesis. This suggested that infant
perception is more influenced by proximal features than adults. According to Shallo and Rock,
as age increases perception is “based on the increased disregard or suppression of proximal
mode”.
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There are however occasions where adult observers need to rely on the retinal size of
objects, such as when a visual artist draws a display that faithfully represents what is seen [5].
Here, more distant objects need to be rendered relatively small. Nevertheless, artists also dem-
onstrate difficulty in accessing proximal vision. Perdreau and Cavanagh [6] showed non-art-
ists, art students, and professional artists two cylinders on a computer screen, one presented
against a flat background and one in a 3D ‘hallway’ which gave the illusion of this cylinder
being located at a different distance. Their task was to adjust the size of the cylinder in the hall-
way until the participant judged that it matched the size of the other in terms of their proximal
representations. They were told to imagine they were using their fingers to judge the sizes of
the items. Results showed that participants consistently overestimated the size of the cylinder
presented in the 3D space and moreover that this effect was similar for all groups [for review
see 5, see also 7]. Results like these suggest difficulty in or resistance to treating vision (one’s
own or another’s) as a ‘flat’ image, even with training in representing perception veridically.

In the present experiment we examined whether adults are open to interrogating their own
vision in terms of the proximal rather than distal representation. Rather than use a matching-
to-standard paradigm, which requires participants to balance the interference effect of distance
and size, we investigated whether participants could ‘see’ the proximal representation of two
objects which were already (and explicitly) of equal size but simply located at different dis-
tances. This procedure came with the additional benefit that it eliminated the use of 2D depic-
tions of 3D spaces employed in computer-based tasks. In the task, participants stood in a fixed
location to the left of two lines that were on the wall of a lab. Fig 1 shows a photo of the lines
taken from this location. The lines were the same length but owing to the participant’s location
the further line would appear shorter in an uncorrected image of their perspective. In the first
phase of the experiment we told participants the following: “Both lines are the same length.
However, how long does each line actually appear from your visual perspective? Please answer
SAME or DIFFERENT.” When participants responded ‘Different’, we then asked participants
which line appeared longer. Note that the framing of the question was designed to ensure that
participants had to consider their answer in the context of something beyond their own knowl-
edge of the real length of the stimuli. This was made clear by the ‘however’ following the initial
statement of fact. In this way we could examine whether participants would be able and/or
willing to access the proximal rather than the distal representation.

Previous research has suggested that training in visual arts offers no significant benefit in
the ability to ‘see’ retinal images [5,6]. We wanted to check whether participants who initially
failed to access the proximal representation would be more likely to do so after being shown
what such an image could look like. To do so we added two further phases to the task. In Phase
2 we gave the participant a camera and instructed them to take a digital photo of the lines from
where they stood. We then asked them the same question about the lengths of the lines but
this time based on their appearance in the image. Since the image would clearly depict the
closer line as longer (as per Fig 1) we predicted that participants would also judge the same. In
Phase 3, we removed the camera and photo and then repeated the question from Phase 1. The
photograph will have highlighted the length of the lines in a 2D image, and so those partici-
pants who did not judge the closer line to look longer in Phase 1 should now correct their
responses and do so in Phase 3.

2. Method

We recruited 58 participants from the University of Essex participant pool, each of whom
received course credit. Ethical approval was obtained from the University of Essex Ethics
Committee Informed consent was recorded in written form and witnessed by the
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Fig 1. A photo of the lines on the wall from the participant’s location in the room. The two lines were of equal length but the closer line
appeared longer. Note that the photograph is a faithful representation of the lines, i.e. we measured the lines in the photo and found that they
corresponded to the real visual angle.

https://doi.org/10.1371/journal.pone.0256658.9001

experimenter. Eligibility requirements were normal/correct-to-normal vision and an age
between 18-35 (M = 19 years, range 18-24, eight men). Participants stood in a 26cm” square
marked on the floor facing a wall 39cm in front of them, but with their head turned to the
right so that they could see two lines, each 32cm in length (3cm height), separated by 64 cm.
The closest point of the closest line was 32cm from the area of wall in front of the participants.
The experimenter stood in the middle of the room. She told the participants that the lines they
were looking at were the same length. She then asked them three questions in a fixed sequence
(see Table 1).

Table 1. Scripted instructions to participants.

Phase.

Instruction

1

Both lines are the same length. However, how long does each line actually appear from your visual
perspective? Please answer SAME or DIFFERENT. [If DIFFERENT: Which appears longer?].

2
(Photo)

How long does each line appear in the photo you just took? Please answer SAME or DIFFERENT. [If
DIFFERENT: Which appears longer?].

3

Now please look at the two lines on the wall once more. How long does each line appear from your
perspective? Please answer SAME or DIFFERENT. [If DIFFERENT: Which appears longer?].

https://doi.org/10.1371/journal.pone.0256658.t001
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In Phase 1, we asked them how long the lines actually appeared from their visual perspec-
tive, with a fixed-choice answer of either SAME or DIFFERENT, the latter being followed up
with an extra question about which. If adults can take their own perspective in a visual sense as
a result of this appearance question, then more participants should respond that the closest
line appeared longer than the converse. In Phase 2 we gave the participant a hand-held digital
camera and asked them to take a picture of the two lines from the same location. We then
asked them to view the digital photograph they had taken and judge how long the lines
appeared in it, using the same question/response structure as before. For Phase 3 the experi-
menter took back the camera. The participant was then instructed to look at the lines on the
wall again, and they were asked the first question once more. Given that everyone had now
witnessed a pictorial representation of their own visual perspective in the previous condition,
any participants who had not said that the closest line appeared longer in Phase 1 should now
be more likely to do so in Phase 3.

3. Results
The results are displayed in Table 2.

Phase 1

We ran a Chi-Square test on the first question concerning whether the lines appeared the same
length or different length, with the null hypothesis that each be selected 50% of the time. Over-
all, 31 judged them the same and 27 judged them different, a contrast that was not significant,
chi square (1, 58) = 0.276, p = .599. However, all 27 participants who responded ‘different’
judged the closest line to appear longer. Given the absence of any responses favouring the fur-
ther line as longer, no statistical comparison could be conducted. In sum, approximately half
of participants judged the lines to look the same and half judged the closer line to be longer.

Phase 2

All participants said the closest line appeared longer in the photograph. No statistical analyses
were conducted since all responses were the same.

Phase 3

We used the same analysis as for Phase 1. Despite having seen the photograph in Phase 2,
results patterned as in Phase 1. Precisely the same number of participants responded ‘same’ as
‘different’ (29 each), chi square (1, 58) = 1, p = 1. Of the 29 who judged them different, 28
responded that the closest line looked longer and only one said the furthest line looked longer,
a difference that was significant, chi square (1, 29) = 25.138, p < .001.

Table 2. Results.

Same (%) Closest line longer (%) Furthest line longer (%)
Phase 1 53 47 0
Phase 2 0 100 0
Phase 3 48 50 2

https://doi.org/10.1371/journal.pone.0256658.t1002
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Effect of photo on judgements based on vision

To assess whether seeing the photograph in Phase 2 influenced responses in Phase 3, we
dummy coded responses as 0 for ‘Closest line longer, 1 for ‘Same’ and 2 for ‘Furthest line lon-
ger’. We then ran a Friedman’s ANOVA by ranks on all the data. The test found a significant
difference in the distribution of responses across the three phases, chi square (2, 58) = 53.118,
p < .001. Follow-up pairwise comparisons using the Bonferroni correction revealed that more
‘closest line longer’ responses were made based on the photo (Phase 2) than for both Phase 1
(adj. p < .001) and Phase 3 (adj. p < .001). Crucially, there was no difference in the frequency
of these responses between Phase 1 and 3 (adj. p = 1). At the individual level, of the 31 partici-
pants who gave ‘same’ responses in Phase 1, 84% (n = 26) also gave ‘same’ responses in Phase
3. Five switched from ‘same’ responses to ‘closer line longer’ in Phase 3, two switched in the
opposite direction, and one switched from ‘closer line longer’ to ‘further line longer.” In sum,
seeing the photo in Phase 2 had no significant impact on how participants responded on Phase
3 relative to Phase 1.

4. Discussion

The results showed that while about half of participants judged the closer line as being longer,
suggesting they did access and use the proximal representation, half did not. However, when
basing their judgements on a photo of the lines every participant judged the closer line to look
longer in a photo they took. Surprisingly, in Phase 3 the vast majority who initially judged the
lines to appear the same reverted back to their original response despite having just declared
the closer line to appear longer in the photo. This suggests that even when participants are
made explicitly aware of what a 2D image of their vision might look like they treated actual
sensory input differently. This perseverance suggests considerable resistance to seeing proxi-
mal representations of vision.

How do we account for these findings? These results are explicable in terms of what is
sometimes called naive or folk optics, namely folk theories about how vision works. Such
beliefs can vary widely from person to person, and lead to very different and often inaccurate
responses to the same problems [8,9]. This is nicely exemplified by the Venus Effect, whereby
an observer sees an agent and a mirror and believes that the agent sees their reflection in the
mirror as the observer does, despite the agent and mirror not being along the observer’s line of
sight [9,10, see also 11]. Importantly for the present experiment, these naive theories can be
inconsistent not only with accepted science but even people’s own declarative knowledge [8].
This offers an explanation for why participants proved resistant to changing their responses
even after viewing the photograph.

The present work also speaks to the issue of visual perspective taking. A number of people
have begun to argue that when humans assume another agent’s perspective the representation
on which this alternative viewpoint is based is depictive or ’quasi perceptual’ [12,13]. Cole and
Millett [14], and Cole, Millett [15] have however challenged this claim on theoretical grounds,
and in a visual perspective-taking study based on the same stimuli as the present experiment
adults also failed to judge that line closer to another agent would appear shorter [16]. A depic-
tive representation must, at the very least, code for the relative distances between different
points in a scene [17], as seen by the other agent. The present work does not however support
the depictive account of perspective taking. Humans seem to be poor at considering even their
own perspectives in this way, let alone other people’s.

Opverall, the results of the present study suggest that while some people are open to interro-
gating their vision in terms of proximal representations about the same number of people not
only have difficulty doing so but also demonstrate considerable resistance to change even after
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witnessing what such a representation might look like. It remains an open question as to pre-
cisely why this should be difficult. One explanation is that people are resistant to the principle
that vision can be equated to a flat image. According to this view, the reason that those partici-
pants who failed to judge the closer line longer is not because they could not access a proximal
representation but because the logic of the question itself was rejected, as ‘corrected’ vision is
the only type of vision they could reasonably conceive of. This implies that adults are disin-
clined to entertain vision in as a proximal image, even when the context is favourable to such
behaviour. However, it does not mean that they are necessarily unable to do so.

There is a related but more procedural explanation for the present data that we must con-
sider. Since at least 1960s [18], size constancy researchers have long known that participant
interpretation of task requirements is particularly important. Shebilske and Peters [19], for
instance, wrote that “the manipulation of instructions is a potent source of variance in con-
stancy experiments. This variance can be attributed to the information given or implied by a
particular set of instructions”. Our method for circumventing this possibility was to present
participants with a photograph (in Phase 2) of their own viewpoint and ensure that responses
were close to ceiling. In this Phase all participants demonstrated that they could understand
and work from a 2D representation of their viewpoint. Thus, while some responses from
Phase 1 might be explicable in terms of a misunderstanding of the instruction to judge appear-
ance, by Phase 3 this becomes less plausible.

Another possibility is that those participants who did not judge the closer line to appear
longer in Phase 3 may have simply wanted to be consistent in their response when presented
with the same question as they had in Phase 1. By this account, our results are not explicable
in terms of a disinclination to entertain a proximal image but rather a disinclination to
appear inconsistent in an experimental setting. We cannot rule this possibility out, but note
that such an account leaves unexplained the fact that by responding differently in Phase 2
and Phase 3 participants also rejected the possibility that their vision corresponded to the
photograph, which is itself an external and 2D representation of their own vision. A consis-
tency account would thus be more viable if participants maintained the same response that
they made in Phase 1 across the rest of the task, including the photograph. Instead, it
appears that a disinclination to entertain proximal images provides a better account for our
findings.

In sum, these results demonstrate the resistance adults have to entertaining proximal repre-
sentations of vision. Overall, these results concur with other research, both theoretical and
empirical, suggesting that adults do not tend to entertain vision in terms of truly ‘depictive’
imagery [5,14,15].

Supporting information

S1 File.
(XLSX)

Author Contributions

Conceptualization: Steven Samuel, Geoff G. Cole, Madeline J. Eacott.
Data curation: Steven Samuel.

Formal analysis: Steven Samuel.

Investigation: Klara Hagspiel.

Methodology: Steven Samuel.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256658  August 20, 2021 6/7


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0256658.s001
https://doi.org/10.1371/journal.pone.0256658

PLOS ONE

‘Seeing’ proximal representations: Testing attitudes to the relationship between vision and images

Writing - original draft: Steven Samuel.

Writing - review & editing: Steven Samuel, Geoff G. Cole, Madeline J. Eacott.

References

1.  Rock |. The logic of perception. Cambridge: MIT Press; 1983.

2. Granrud CE, Schmechel TT. Development of size constancy in children: a test of the proximal mode
sensitivity hypothesis. Perception & psychophysics. 2006; 68(8):1372—81. https://doi.org/10.3758/
bf03193736 PMID: 17378423

3. Holway AH, Boring EG. Determinants of apparent visual size with distance variant. The American Jour-
nal of Psychology. 1941; 54(1):21-37.

4. Shallo J, Rock I. Size constancy in children: A new interpretation. Perception. 1988; 17(6):803—13.
https://doi.org/10.1068/p170803 PMID: 3253681

5. Perdreau F, Cavanagh P. Is artists’ perception more veridical? Frontiers in neuroscience. 2013; 7:6.
https://doi.org/10.3389/fnins.2013.00006 PMID: 23386809

6. Perdreau F, Cavanagh P. Do artists see their retinas? Frontiers in Human Neuroscience. 2011; 5:171.
https://doi.org/10.3389/fnhum.2011.00171 PMID: 22232584

7. Carlson V. Size-constancy judgments and perceptual compromise. Journal of Experimental Psychol-
ogy. 1962; 63(1):68-73. https://doi.org/10.1037/h0045909 PMID: 13876651

8. Croucher CJ, Bertamini M, Hecht H. Naive optics: Understanding the geometry of mirror reflections.
Journal of Experimental Psychology: Human Perception and Performance. 2002; 28(3):546. https://doi.
org/10.1037/0096-1523.28.3.546 PMID: 12075887

9. Bertamini M, Soranzo A. Reasoning about visibility in mirrors: A comparison between a human observer
and a camera. Perception. 2018; 47(8):821-32. https://doi.org/10.1177/0301006618781088 PMID:
29871543

10. Bertamini M, Latto R, Spooner A. The Venus effect: people’s understanding of mirror reflections in
paintings. Perception. 2003; 32(5):593-9. https://doi.org/10.1068/p3418 PMID: 12854645

11.  Lawson R, Bertamini M, Liu D. Overestimation of the projected size of objects on the surface of mirrors
and windows. Journal of Experimental Psychology: Human Perception and Performance. 2007;
33(5):1027. https://doi.org/10.1037/0096-1523.33.5.1027 PMID: 17924805

12. Ward E, Ganis G, Bach P. Spontaneous vicarious perception of the content of another’s visual perspec-
tive. Current Biology. 2019; 29(5):874—-80.e4. https://doi.org/10.1016/j.cub.2019.01.046 PMID:
30799242

13. Ward E, Ganis G, McDonough KL, Bach P. Perspective taking as virtual navigation? Perceptual simula-
tion of what others see reflects their location in space but not their gaze. Cognition. 2020; 199:104241.
https://doi.org/10.1016/j.cognition.2020.104241 PMID: 32105910

14. Cole GG, Millett AC. The closing of the theory of mind: A critique of perspective-taking. Psychonomic
bulletin & review. 2019:1-16. https://doi.org/10.3758/s13423-019-01657-y PMID: 31515733

15. Cole GG, Millett AC, Samuel S, Eacott MJ. Perspective taking: In search of a theory. Vision. 2020;
4(2):30. https://doi.org/10.3390/vision4020030 PMID: 32492784

16. Samuel S, Hagspiel K, Eacott MJ, Cole GG. Visual perspective-taking and image-like representations:
We don’t see it. Cognition. 2021; 210. https://doi.org/10.1016/j.cognition.2021.104607 PMID: 33508578

17. Kosslyn SM, Ball TM, Reiser BJ. Visual images preserve metric spatial information: evidence from stud-
ies of image scanning. Journal of experimental psychology: Human perception and performance. 1978;
4(1):47-60. https://doi.org/10.1037/0096-1523.4.1.47 PMID: 627850

18. Leibowitz H, Harvey LO Jr. Effect of instructions, environment, and type of test object on matched size.
Journal of Experimental Psychology. 1969; 81(1):36. https://doi.org/10.1037/h0027433 PMID: 5812175

19. Shebilske WL, Peters AL. Perceptual constancies: Analysis and synthesis. Handbook of perception

and action. 1: Elsevier; 1996. p. 227-51.

PLOS ONE | https://doi.org/10.1371/journal.pone.0256658  August 20, 2021 7/7


https://doi.org/10.3758/bf03193736
https://doi.org/10.3758/bf03193736
http://www.ncbi.nlm.nih.gov/pubmed/17378423
https://doi.org/10.1068/p170803
http://www.ncbi.nlm.nih.gov/pubmed/3253681
https://doi.org/10.3389/fnins.2013.00006
http://www.ncbi.nlm.nih.gov/pubmed/23386809
https://doi.org/10.3389/fnhum.2011.00171
http://www.ncbi.nlm.nih.gov/pubmed/22232584
https://doi.org/10.1037/h0045909
http://www.ncbi.nlm.nih.gov/pubmed/13876651
https://doi.org/10.1037/0096-1523.28.3.546
https://doi.org/10.1037/0096-1523.28.3.546
http://www.ncbi.nlm.nih.gov/pubmed/12075887
https://doi.org/10.1177/0301006618781088
http://www.ncbi.nlm.nih.gov/pubmed/29871543
https://doi.org/10.1068/p3418
http://www.ncbi.nlm.nih.gov/pubmed/12854645
https://doi.org/10.1037/0096-1523.33.5.1027
http://www.ncbi.nlm.nih.gov/pubmed/17924805
https://doi.org/10.1016/j.cub.2019.01.046
http://www.ncbi.nlm.nih.gov/pubmed/30799242
https://doi.org/10.1016/j.cognition.2020.104241
http://www.ncbi.nlm.nih.gov/pubmed/32105910
https://doi.org/10.3758/s13423-019-01657-y
http://www.ncbi.nlm.nih.gov/pubmed/31515733
https://doi.org/10.3390/vision4020030
http://www.ncbi.nlm.nih.gov/pubmed/32492784
https://doi.org/10.1016/j.cognition.2021.104607
http://www.ncbi.nlm.nih.gov/pubmed/33508578
https://doi.org/10.1037/0096-1523.4.1.47
http://www.ncbi.nlm.nih.gov/pubmed/627850
https://doi.org/10.1037/h0027433
http://www.ncbi.nlm.nih.gov/pubmed/5812175
https://doi.org/10.1371/journal.pone.0256658

