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Highlights


The Poggendorff illusion decreases with age in typically developing children.



Maturation of the illusion depends on sensory and cognitive development.



Two theories on the illusion, which are not mutually exclusive, are supported.

We examined how the strength of the Poggendorff illusion changes with age in typically
developing children. To this end, we recruited children between the ages of six and fourteen
years and quantified the degree to which they experienced the illusion. The illusion was
strongest in the youngest children and decreased with age logarithmically – reaching adult
levels (as established by an earlier study) by 21.6 years as determined by non-linear
interpolation. We also measured the ability to align two lines together in a non-illusory
condition, receptive language, and abstract reasoning to determine if changes in illusion
strength were also associated with these factors. Alignment-matching abilities, receptive
language, and abstract reasoning increased with age. However, only receptive language and
abstract reasoning were correlated with illusion strength. Abilities in alignment matching were
not related to illusion strength and reached adult levels (as established by a previous study)
earlier at 14.7 years as determined by non-linear interpolation. A multiple regression analysis
further revealed that receptive language and abstract reasoning did not contribute beyond their
shared variance with age. Based on these findings, we suggest that the illusion is exaggerated
in early development and attenuates as low-level and high-level processes mature. The
theoretical implications of these findings are discussed.

Introduction

A stimulus that elicits the Poggendorff illusion typically consists of a vertically oriented
rectangle superimposed over a diagonal line such that the former occludes the middle portion
of the latter (Fig. 1A). The illusion pertains to the perception of the two ends of the diagonal
line being misaligned when they are not. Like many illusions, numerous theories have been
proposed to explain the Poggendorff illusion, some of which are covered below, yet none are
universally accepted or can explain the illusion under all experimental contexts. Nevertheless,
examining this illusion, as well as any other illusion, remains informative because it
demonstrates how our visual perception is the result of interpretations about the world. The
mechanisms underlying these interpretations usually result in fairly accurate renditions.
Illusions are special cases where these mechanisms are misapplied to give rise to perceptual
distortions (Gregory, 1980, 2015; Helmholtz, 1867). Understanding how these perceptual
distortions occur is a gateway to understanding how we see the world.
Illusions also demonstrate considerable variability in the degree to which visual
perception deviates from veridicality in the general population (Chouinard, Noulty, Sperandio,
& Landry, 2013; Chouinard, Unwin, Landry, & Sperandio, 2016) and that children’s visual
perception can differ considerably from adults. Children can see illusions differently than
adults do and these differences can diminish with age. To name some examples, illusion
strength changes with age in the Ebbinghaus (Bondarko & Semenov, 2004; Bremner et al.,
2016; Doherty, Campbell, Tsuji, & Phillips, 2010; Duemmler, Franz, Jovanovic, & Schwarzer,
2008; Weintraub, 1979), Kanizsa contour (Nayar, Franchak, Adolph, & Kiorpes, 2015),
Müller-Lyer (Brosvic, Dihoff, & Fama, 2002; Frederickson & Geurin, 1973; Hanley &
Zerbolio, 1965; Pollack, 1970; Porac & Coren, 1981; Rival, Olivier, Ceyte, & Ferrel, 2003),
Ponzo (Hanley & Zerbolio, 1965; Leibowitz & Judisch, 1967), moon (Leibowitz & Hartman,

1959), Shepard (Chouinard, Royals, & Landry, 2020), and Poggendorff (Girgus & Coren,
1987; Leibowitz & Gwozdecki, 1967; Mallenby, 1974; Pressey & Sweeney, 1970; Vurpillot,
1957) illusions.
Most of these studies demonstrate increases in illusion strength with age. However,
those on the Poggendorff illusion are particularly interesting because they tend to demonstrate
age-related decreases in illusion strength instead. As far as we know, five studies have
examined how the strength of this illusion changes with age in children (Girgus & Coren, 1987;
Greist-Bousquet, Davis, & Schiffman, 1987; Leibowitz & Gwozdecki, 1967; Pressey &
Sweeney, 1970; Vurpillot, 1957) (for more description, see Table 1). All demonstrate a
decrease in illusion strength with age except for one, which did not find any effect of age
(Greist-Bousquet et al., 1987). The manner with which illusion strength was measured may
account for the lack of an age effect in this one study, which we explain in more detail in the
Discussion. If we accept that the age-related decrease in illusion strength is real then the
following questions arise: Why would the strength of this illusion decrease rather than increase
with age and what does this mean developmentally?
One can speculate that this perceptual bias in early development might serve as a
compensatory mechanism to enable the child to interact with their environment while more
useful mechanisms develop. Previous research demonstrates that a less developed sensory
system in younger children can lead to perceptual biases as a way to compensate for not being
able to account for sensory noise (Duffy, Huttenlocher, & Crawford, 2006). Perceptual biases
then diminish as the sensory system develops and becomes more fine-tuned. However, the
presence of these perceptual biases in early development seem to only apply for certain
processes.
Binet (1895) and Piaget (1950, 1969) observed from their own research that the strength
of illusions can either decrease or increase with age depending on the illusion. Further, they

argued that illusion research can offer opportunities to tease apart mechanisms that might be
innate from those that might be acquired. Specifically, they reasoned that illusions
demonstrating age-related decreases in strength are more likely driven by innate mechanisms
that become attenuated as certain abilities and a better understanding of the world are acquired.
These emerging abilities and knowledge are used to attenuate an innate percept that is not real
and might become maladaptive if left to continue to persist strongly during development.
Conversely, both Binet and Piaget reasoned that illusions showing age-related increases in
strength are more strongly driven by acquired mechanisms obtained during development that
are normally informative in the real world.
So far, research on the Poggendorff illusion in children has not examined other skills
that might indicate what other abilities are required for the illusion to attenuate with age. These
skills may be either sensory or cognitive depending on the degree to which the illusion taps
into low-level versus high-level processing. There is evidence to suggest that the Poggendorff
illusion is driven by both levels of processing based on two prevailing notions to explain the
illusion.
The first pertains to what we will call the false estimation of angles theory, which was
the dominant theory to explain the illusion from the late 19th century until the mid 20th century
and continues to hold ground in the present (Tausch, 1954; Thiéry, 1895). The theory posits
that people’s perceived misalignment of the ends of the diagonal line arises from a tendency to
overestimate acute angles and underestimate obtuse angles (Blakemore, Carpenter, &
Georgeson, 1970) (Fig. 1B). As it turns out, these tendencies have a biological underpinning
at the level of neural circuitry in the primary visual cortex (V1). It is known since the seminal
work by Hubel and Wiesel (1959) that many V1 neurons in the cat display receptive fields that
are elongated along a particular axis and fire most strongly to a line when it is oriented in a
specific way. In other words, many V1 neurons process lines that are presented in specific

orientations. A study by Burns and Pritchard (1971) later demonstrated that the line orientation
preference for these neurons can change when a second line is presented and intersects with
the first line at an angle.
Lateral inhibition, which is the capacity of excited neurons to reduce activity of
neighbouring neurons via intermediary connections, is thought to be responsible for both the
elongated receptive fields of V1 neurons (Hubel & Wiesel, 1959) and the influence of
intersecting lines on their line orientation preference (Burns & Pritchard, 1971). Neuroimaging
studies in humans suggest that lateral inhibition in V1 develops throughout childhood and
adolescence – as evidenced by the maturation of grey matter (Giedd et al., 1999). With this in
mind, it could be the case that an exaggerated Poggendorff illusion in younger children might
serve as a compensatory mechanism to make up for a less developed neural machinery in V1
for the purposes of processing lines – whether the lines are presented alone or intersecting with
another. Hence, this study incorporates an alignment matching task to determine whether
abilities in processing lines might influence the development of the Poggendorff illusion.
The second pertains to what we will call the depth processing theory, which was
originally devised by Gillam (1971) 1 and developed further by Howe, Yang, and Purves
(2005). Depth processing theory posits that the brain considers the diagonal line in the
Poggendorff illusion as a line extending into depth when it is not because the image is actually
two-dimensional. As a consequence of this erroneous interpretation, the brain perceptually
rescales the line in a manner that leads to an apparent misalignment of the line ends. Howe et
al. (2005) takes this theory one step further. The authors recognise that a considerable amount
of physical information is lost when three-dimensional relationships about the physical world
are projected onto the two-dimensional surface of the retina. Consequently, the authors reason

1

Barbara Gillam’s theory (Gillam, 1971) shares many similarities with Richard Gregory’s misapplied
constancy scaling theory (Gregory, 1963, 1980, 2015). As far as we know, she was the first to describe
how these ideas could be used to explain the Poggendorff illusion.

that the brain must rely on past-experiences associating retinal images and their physical
sources – particularly in cases of ambiguity such as an object that is partially occluded by an
occluder, which is what the Poggendorff illusion is thought to simulate.
To test this idea, Howe et al. (2005) compiled and analysed a series of range images 2
of real-world scenes using computerised algorithms. In doing so, they demonstrated that the
degree to which elements in the range images were Poggendorff-like predicted human
perception of the illusion in the images when presented in their two-dimensional format. To
illustrate this finding, consider the photograph in Fig. 1C. The photographs shows a candle
snuffer behind a candle. The two ends of the candle snuffer appear misaligned in a
Poggendorff-like fashion in the photograph but not in the real world. According to Howe et al.
(2005), we do not experience perceptual misalignments in the real world because our brains
learned how to perceptually rescale two-dimensional images on the retina to reflect threedimensional relationships. Photographs are not quite like images on our retina. Hence, this
perceptual rescaling, which normally works well in the real world, produces misalignments for
photographs, such as the one shown in Fig. 1C and those examined by Howe et al. (2005).
Hence, the Poggendorff illusion could tap into mechanisms that are frequently reliable
for interpolating three-dimensions from two-dimensional retinal images. It is conceivable that
these mechanisms rely on a repertoire of learned experiences associating what is projected on
the retina and the physical characteristics of objects in the real-world, and are formed as a
child’s cognitive faculties develop. A study by Leibowitz and Gwosdecki (1967) provides
preliminary support for the importance of cognitive development in the development of the
Poggendorff illusion. Their study examined both typically developing and intellectually
disabled children. Illusion strength decreased with age in the former but not the latter group.

2

Range images are two-dimensional images that also provide numerical measurements of how far
things are from the camera at every pixel in the image. Hence, although the images are two-dimensional,
information about the third dimension is not lost but is rather recorded and appended to the image file.

Illusion strength in the latter group remained elevated. It then follows that any contributions of
experience to the Poggendorff illusion is contingent on first developing the cognitive faculties
necessary to integrate the experiences and experience the illusion in the same way as adults.
Until then, the illusion remains exaggerated, reflecting an under-developed system that
overcompensates.
What these cognitive faculties might be are unknown given the paucity of studies
investigating the Poggendorff illusion in a developmental context. Studies that have examined
the illusion in children have never tested other abilities to see how these develop alongside
illusion strength. Hence, for the purposes of surveying cognitive development broadly, we
tested children’s verbal and other non-verbal abilities using the Peabody Picture Vocabulary
Test (PPVT) (4th Edition) (Dunn & Dunn, 2007) and the Raven’s Progressive Matrices (RPM)
(Raven, Raven, & Court, 2003), respectively. Both measures are quick to administer and have
been used in other developmental studies as a way to provide estimates of verbal and nonverbal intelligence in children (Chouinard et al., 2019; Chouinard et al., 2020; Chouinard,
Royals, Landry, & Sperandio, 2018; Landry, Johnson, Fleming, Crewther, & Chouinard,
2019).
To recapitulate, we aimed to examine how the strength of the Poggendorff illusion
changes with age in typically developing children and determine whether these changes can be
explained by sensory and cognitive skills that also develop with age. In concordance with
earlier studies, we hypothesise a decrease in illusion strength with age. We also hypothesise
that sensory and / or cognitive abilities may explain age-related changes in the Poggendorff
illusion. In addition to these aims, we had the opportunity to reanalyse earlier studies
investigating the Poggendorff illusion in a developmental context based on their descriptive
statistics reported (Leibowitz & Gwozdecki, 1967; Vurpillot, 1957). A reanalysis of these

studies using some of the same statistical approaches performed on our own data served to
draw more direct comparisons with previous research.

Methods

Overview

As part of a larger project, typically developing children from primary schools in a regional
Australian city (Bendigo, Victoria) completed computerised tasks that assessed the strength of
the Poggendorff illusion as well as abilities in aligning lines. In addition, we assessed receptive
language using the 4th edition of the PPVT (Dunn & Dunn, 2007) and abstract reasoning using
the RPM (Raven et al., 2003). The participants also completed other studies with us and have
had their PPVT and RPM data presented elsewhere (Chouinard et al., 2020; Chouinard et al.,
2018). These earlier studies did not examine the Poggendorff illusion, which is the primary
purpose of the present investigation. Task order was counterbalanced across participants to
reduce practice or carryover effects. All procedures were approved by the La Trobe University
Human Ethics Committee, the Department of Education and Training of Victoria, Australia,
and the local schools. Legal guardians of all participants provided informed written consent
and confirmed that their child was never diagnosed with a psychological, psychiatric,
neurological or neurodevelopmental disorder – as determined by a questionnaire prior to
testing. The questionnaire was completed by the parent or legal guardian at home while all
other tests were administered at the child’s school in cooperation with classroom teachers to
minimise disruption.

Participants

One hundred and seven typically developing children participated in the study (57 males, age
range: 6.0-14.7 years, mean age = 10.0 years). Two females were excluded on the basis that
they did not complete the illusion task due to availability or time constraints. An additional
female was removed on the basis of performance on the alignment task that was exceedingly
worse than everybody else (see below). Last, another female was excluded from the analyses
based on having a standard score lower than 70 on the RPM. This resulted in a final sample
size of 103 participants (57 males, age range: 6.0-14.7 years, mean age = 10.0 years).

Procedures

All participants performed the line alignment task before the illusion task. Half the participants
completed the PPVT and RPM before the line alignment and illusion tasks while the other half
did it afterwards – the order being randomly assigned for each individual. The illusion and line
alignment tasks were programmed in Action Script (Adobe Systems, San Jose, CA, USA) and
presented using Flash player (Adobe Systems, San Jose, CA, USA). A more detailed
description of these tasks can be found in a previous study that we conducted in typically
developing young adults (Chouinard et al., 2016).
For both the illusion and line alignment tasks, the participants had to adjust a
comparison stimulus to appear aligned with a standard stimulus by pressing ‘Move Up’ and
‘Move Down’ buttons displayed on the bottom-left and bottom-centre of the computer screen,
respectively (right panel in Fig. 2A). The participants were given as much time as they needed
to complete each trial and were asked to press the ‘Done’ button displayed on the bottom-right
of the computer screen when they felt they had aligned the comparison stimulus to the standard
one. The participants completed one trial for the line alignment task and four trials for the

illusion task. All displays had a black background. The participants were encouraged to base
their adjustments on how the stimuli appeared and were discouraged from using additional
strategies that might help them align the stimuli (e.g., use of their fingers on the screen to gauge
alignment).
The illusion consisted of a yellow diagonal line whose middle portion was occluded by
a magenta rectangle (Fig. 2A). This configuration typically produced the illusion of the two
ends of the diagonal line being displaced from each other. One of the ends was designated as
the standard while the other was designated as the comparison feature, which was presented
initially 12 pixels higher or lower along the vertical axis from where one continuous line would
pass through. The participant’s task was to align the comparison stimulus to the standard.
At the start of the task, the experimenter would say “In this activity, we want this picture
to look like one straight yellow line behind the pink bar, like it does over here [pointing to the
example on the right]. You’re going to make this one [experimenter points to the comparison
line] higher or lower so it looks like one straight line passing behind the bar. This button moves
it up [experimenter points to the appropriate button] and this button [experimenter points to
the appropriate button] moves it down. Once you’re happy with it, you can press this button
[experimenter points to the Done button].” If required, further clarification was provided.
The line alignment task assessed line processing abilities. The display consisted of two
horizontal yellow lines passing perpendicularly through the long axis of a rectangle outlined in
magenta, which was presented in the upright position (Fig. 2B). The yellow line on the left
served as the standard while the other served as the comparison, which was presented initially
57 pixels lower than the standard. The participant’s task was to align the comparison stimulus
to match the standard. Scores were obtained by calculating the absolute difference in pixels
between the fixed vertical position of the standard and the adjusted vertical position of the
comparison stimulus. Most participants demonstrated perfect performance (82 / 105) while a

minority were offset by one pixel (22 / 105) and one participant was offset by 56 pixels (1 /
105). Although the latter was most likely a technical error, the participant was still excluded
from further analysis in case the error was actually due to a lack of understanding, compliance,
or problems with vision.
At the start of the task, the experimenter would say “In this activity, we want the two
lines to match up like they do over here [pointing to the example on the right]. You’re going to
make this one [experimenter points to the comparison line] higher or lower so it matches up
with that one [experimenter points to the standard line]. This button moves it up [experimenter
points to the appropriate button] and this button [experimenter points to the appropriate
button] moves it down. Once you’re happy that they match up, press this button [experimenter
points to the Done button].” Again, further clarification was provided, if required.
We also measured receptive language with the PPVT (Dunn & Dunn, 2007). During
the test, the participant was presented with a series of pages containing four pictures and was
asked to indicate which one they thought best described the item word spoken by the
experimenter. The test was administered in accordance with instructions from the test manual
(Dunn & Dunn, 2007). Raw scores reported in our study reflect the total number of correct
trials plus credit for all trials not administered below the basal start point. Standard scores were
also calculated based on normative data from the test’s manual to characterise verbal
intelligence in our sample.
We also measured abstract reasoning with the RPM (Raven et al., 2003). Under this
examination, the participant was provided with a booklet of different patterns with a piece
missing in each one. For each item, the child was required to select which piece from an array
of different options best matched the missing piece. We administered two versions of the RPM
– each designed for a different age group. The coloured version was administered in children
aged five to nine years and consisted of 36 trials while the standard version was used in the

older individuals and consisted of 60 trials. Raw scores reflected the number of correct trials.
For the purposes of data analysis and reporting, all raw scores on the coloured version were
converted to the scale of the standard one using the conversion table in the RPM manual (Raven
et al., 2003). Standard scores were also calculated based on normative data from the test’s
manual to characterise non-verbal intelligence in our sample.

Statistical analyses

We carried out statistical analyses using GraphPad Prism version 8 (La Jolla, CA, USA), JASP
software version 0.8 (University of Amsterdam, Amsterdam, The Netherlands), and the
Statistical Package for the Social Sciences version 25 (SPSS; IBM Corporation; Armonk, NY,
USA). Before proceeding to any statistics, we calculated a score of illusion strength from the
magnitude estimates obtained in the Poggendorff illusion task using the following equation:

Right Segment (Vertical Adjustment)  Left Segment (Vertical Adjustment)
Right Segment (Vertical Adjustment) + Left Segment (Vertical Adjustment)

with the line on the right and left expecting to be perceptually displaced higher and lower than
the true line axis, respectively. This method of normalising is used in many illusion studies
(Chouinard et al., 2019; Chouinard et al., 2013; Chouinard, Peel, & Landry, 2017; Chouinard
et al., 2020; Chouinard et al., 2018; Chouinard et al., 2016; Schwarzkopf, Song, & Rees, 2011;
Sherman & Chouinard, 2016) and allows for meaningful comparisons across studies. We
analysed the data using three different approaches.
The first consisted of comparing means between age groups. To this end, we first
divided our participants into quartile groups. We chose a quartile split so we could have at least
25 participants in each age group, enabling appropriate sample sizes for between subject

comparisons. The Youngest Age Group ranged from 6.0 to 7.8 years, the Second Age Group
ranged from 7.9 to 10.0 years, the Third Age Group ranged from 10.2 to 11.8 years, and the
Oldest Age Group ranged from 11.8 to 14.7 years. We randomly assigned the Third Age Group
to have one less participant given that the overall sample size was not divisible by four. We
then performed an analysis of variance (ANOVA) with Age and Gender as between-subject
factors on the illusion strength scores, the line alignment matching measures, and scores on the
PPVT and RPM tests.
Post-hoc pairwise comparisons using Tukey’s honestly significant difference (HSD)
tests (Tukey, 1949), which corrected for multiple comparisons, were performed to test for
differences between the different age groups when a main effect of Age was obtained. We also
performed one-sample t-tests to determine if illusion strength scores differed from zero. To
account for multiple comparisons, we applied a Bonferroni correction to the reported p values
(i.e. pcorr = puncorr  number of tests comparing differences against zero).
The second approach consisted of performing bivariate correlations and a forward
selection multiple regression. Before proceeding with these analyses, we first determined if age
correlated with the other dependent variables more strongly linearly or logarithmically with a
base of 10. It was established that the latter was consistently stronger (see Results) and
therefore age was log-transformed in all subsequent analyses. A correlation matrix of Pearson
(r) coefficients was produced to assess for associations between age, illusion strength, scores
on the line alignment-matching task, raw PPVT scores, and raw standard RPM scores. To
account for multiple correlations, we applied a Bonferroni correction to the reported p values
(i.e. pcorr = puncorr  number of bivariate correlations performed).
The model for the forward selection multiple regression began with an empty equation.
Age, scores on the line alignment-matching task, raw PPVT scores, and raw RPM scores were
added to the model one at a time beginning with the one with the highest correlation with

illusion strength until the model could no longer be improved. Given that we had no prior
predictions on how to model the regression, this type of regression was favoured over others
for its exploratory and unbiased nature for determining which predictors should be entered into
the model and are most important for explaining illusion strength. Participants with missing
values were excluded from the analysis. The resulting standardised beta coefficients (b) and
corrected p values arising from the multiple regression analysis are reported.
The third approach calculated a regression equation that best fit how illusion strength
changed as a logarithmic function of age using the least squares method. The primary purpose
of doing this was to determine at what age our sample might reach mean adult levels based on
data gathered from a previous study we published in typically developing young adults who
performed the same tasks (Chouinard et al., 2016). From this earlier data set, we extracted the
means, and used them to determine at what age our sample from the present investigation might
reach these levels based on the calculated regression equations.
Certain aspects of the second and third approaches were also adopted to further reanalyse the experiments performed by Leibowitz and Gwozdecki (1967) and Vurpillot (1957)
to determine whether the illusion developed with age in a similar manner as the present
investigation. This was possible given that these studies examined children and adults, and
reported the mean illusion strength values for their different age groups. We first determined
if age correlated with the illusion strength more strongly linearly or logarithmically with a base
of 10. Again, it was established that the latter was consistently stronger (see Results). We then
calculated regression equations that best fit how illusion strength changed as a logarithmic
function of age using the least squares method and determined at what age mean adult levels
were reached based on the resulting regression equations. For the Leibowitz and Gwozdecki
(1967) study, we had to calculate a weighted mean value across all adult age groups reported,

which considered participant numbers reported in each age group, because they did not report
the overall mean for all adults.
Additional analyses were performed in some cases to understand further certain effects
(or lack of) from the above analyses. Each of these extra tests are described in the Results
section. All reported p values were corrected for multiple comparisons unless specified
otherwise.

Results

Table 2 provides descriptive statistics for age, illusion strength, performance on the line
alignment task, PPVT (both raw and standardised scores), and RPM (both raw and standardised
scores) for the overall sample and the different age groups. Three of the 104 children included
in the analysis did not complete the PPVT due to either availability or time constraints.

Analyses of variance

To summarise, the ANOVA revealed decreases in illusion strength and increases in abilities in
line alignment matching, receptive language, and abstract reasoning as participants got older
(Fig. 3; Table 2). A gender effect was only found for line alignment matching abilities.
For illusion strength, ANOVA revealed a main effect of Age (F(3,95) = 6.73, p < .001,
𝜂 = .18) (Fig. 3A; Table 2) driven by the Third (p = .005) and Oldest (p < .001) Age Groups
experiencing a weaker illusion than the Youngest Age Group. No other pairwise comparisons
were significant (all p ≥ .063). One-sample t-tests revealed that illusion strength was different
from zero in the overall sample (p < .001) and in each age group (all p < .001). There was no

main effect of Gender (F(1,95) < .01, p = .965, 𝜂 < .01) nor did this factor interact with Age
(F(3,95) = 0.39, p = .762, 𝜂 = .01).
For line alignment matching, ANOVA revealed a main effect of Age (F(3,95) = 3.99, p
= .010, 𝜂 = .11) (Fig. 3B; Table 2) driven by the Third (p = .033) and Oldest (p = .010) Age
Groups performing better than the Youngest Age Group. No other pairwise comparisons were
significant (all p ≥ .269). ANOVA also revealed a main effect of Gender (F(1,95) = 5.76, p =
.018, 𝜂 = .06) where males (M = 0.12, SD = 0.33) showed better accuracy than females (M =
0.28, SD = 0.46). Age and Gender did not interact (F(3,95) = 2.87, p = .139, 𝜂 = .06).
For receptive language, ANOVA found a main effect of Age on the raw PPVT scores
(F(3,92) = 42.72, p < .001, 𝜂 = .58) (Fig. 3C; Table 2). Pairwise comparisons revealed that
these scores increased with every age group until the Third Age Group (all p < .001). There
was no difference between the Third and Oldest Age Groups (p = .293). There was no main
effect of Gender (F(1,92) = .05, p = .819, 𝜂 < .01) nor was there an Age by Gender interaction
(F(3,92) = 0.81, p = .489, 𝜂 = .03).
For abstract reasoning, ANOVA indicated a main effect of Age on the raw RPM scores
(F(3,95) = 25.10, p < .001, 𝜂 = .44) (Fig. 3D; Table 2). This was driven by higher scores in the
Second, Third, and Oldest Age Groups relative to the Youngest Age Group (all p < .001). The
three older age groups did not differ from each other in their scores (all p ≤ .520). There was
no main effect of Gender (F(1,95) < .01, p = .973, 𝜂 < .01) nor did this factor interact with Age
(F(3,95) = 0.06, p = .978, 𝜂 = .01).

Multiple regression analysis

Comparing linear and non-linear functions between age and each of the other variables
revealed consistent, discernible improvements in fit when using a logarithmic function (Table
3). Thus, age was log transformed for all subsequent correlation-based analyses.
A correlation matrix between age, illusion strength, line alignment matching abilities, receptive
language, and abstract reasoning is presented in Table 4. Illusion strength correlated with age,
receptive language, and abstract reasoning (all p ≤ .003) but not with line alignment matching
scores (p > .999). Age also correlated with receptive language, abstract reasoning, and line
alignment matching scores (all p ≤ .045). The observation that line alignment matching abilities
and illusion strength did not correlate with each other but both correlated with age suggests
that they follow different developmental profiles.
To establish the importance of these different variables in predicting illusion strength,
a forward selection approach was used in a multiple regression. In this analysis, age, line
alignment matching, receptive language, and abstract reasoning were selected as predictors for
entry. The first step, which included age as the predictor, was significant, F(1,98) = 26.24, p <
.001, and explained 21.1% of the variance in illusion strength. The standardised beta coefficient
for age was also significant (β = -0.46, p < .001). The forward selection analysis did not add
line alignment matching, receptive language, or abstract reasoning as additional predictors,
indicating that none of them significantly explained more variance in illusion strength beyond
what was already shared with age.

Reaching adult levels analyses

The mean scores and standard deviations for adult performance from our previous study
(Chouinard et al., 2016) were M = 0.090 and SD = 0.032 for the illusion task, and M = 0.007
and SD = 0.136 for the line alignment matching task. Figs. 4A,B displays the regressions, along

with their equations, that best fit how illusion strength and line alignment matching abilities
changed as a function of age. Combining this information, we determined that our sample
would reach mean adult performance by 21.6 years on the illusion task and 14.7 years on the
line alignment matching task.
These same analyses were repeated for the illusion experiments performed by
Leibowitz and Gwozdecki (1967) and Vurpillot (1957) based on the descriptive statistics
reported in these articles. Note that the latter study had two experiments. One simulated a reallife Poggendorff-like scene while the other did not (for further description, see Table 1).
Comparing linear and non-linear functions between age and illusion strength revealed again
discernible improvements in fit when using a logarithmic function with a base of 10 (Table 5).
For the Leibowitz and Gwozdecki (1967) study, we determined that the mean adult levels for
the illusion were reached at 17.8 years (Fig. 4C). For the Vurpillot (1957) study, we determined
that mean adult levels for the illusion were reached at 23.5 and 27.4 years for the experiment
simulating a real-life Poggendorff-like scene and for the experiment that did not, respectively
(Figs. 4D,E).

Discussion

Our study’s aims were twofold. First, we sought to replicate previous findings demonstrating
age-related decreases in the Poggendorff illusion in typically developing children. Second, we
sought to determine what other abilities might develop with age and could explain the
developmental time course of the Poggendorff illusion. To this end, we also tested for abilities
in line alignment matching, verbal abilities with a focus on receptive vocabulary, and other
non-verbal abilities with a focus on abstract reasoning.

Based on our findings, we can confirm that the illusion is exaggerated in early
development and attenuates with age. In addition, we suggest that this attenuation occurs as
low-level and high-level processes mature. The basis for this suggestion is as follows. Abilities
in line alignment, which depend on low-level processing, did not correlate with illusion
strength but matured several years before the strength of the illusion reached adult levels.
Conceivably, these skills would be essential for further development of the illusion. In contrast,
cognitive skills as assessed by the PPVT and RPM, which depend on high-level processing,
correlated with illusion strength. This implies that the illusion also depends on cognitive skills.
The following discussion will first cover how this study compares to earlier research
on the development of the Poggendorff illusion. We will then discuss the factors that we have
determined to contribute to the illusion and how this informs possible mechanisms. We will
then end our discussion with some methodological considerations and suggestions for further
work.

Earlier research on the development of the Poggendorff illusion

Table 1 summarises all studies that we know of that examined the Poggendorff illusion in
children across different age groups. The decrease in illusion strength with age that we report
agrees with most of this previous research (Girgus & Coren, 1987; Leibowitz & Gwozdecki,
1967; Pressey & Sweeney, 1970; Vurpillot, 1957). The only exception was a study by GreistBousquet et al. (1987). The study differed from the others in the physical feature of the display
that participants were asked to judge. Based on their previous work, Greist-Bousquet et al.
(1987) contended that the Poggendorff illusion should be measured by the degree to which the
distance between the two diagonal line ends is misperceived as opposed to the degree to which
they appear misaligned (Greist-Bousquet & Schiffman, 1981). Hence, the children in their

study were asked to report on a different physical aspect of the display. It is unclear whether
their failure to replicate arose from a failure in children across age groups to understand what
was required from them or from measuring an entirely different perceptual aspect of the display
or from measuring aspects of decision-making that were unrelated to the perceptual experience
(Firestone & Scholl, 2016).
We can rule-out the possibility that the decreases in illusion strength with age in our
study were confounded with issues related to task demands, such as understanding instructions
and decision-making issues raised by Firestone and Scholl (2016). There are two reasons for
this. First, rather than using the method of adjustment, other studies have found similar effects
using the method of production (Girgus & Coren, 1987; Pressey & Sweeney, 1970). In the
method of production, one of the diagonal line ends is removed and the participant is required
to indicate where along the vertical axis the diagonal line it would appear if it continued going
straight behind the occluding rectangle. Similar to our study, studies by Leibowitz and
Gwozdecki (1967) and Vurpillot (1957) arrived at similar results using the method of
adjustment. Similar results arising from two different approaches for measuring perception
provides validation. Second, the participants in this study also participated in a different study
where we measured the Shepard illusion in typically developing children and reported an
increase in illusion strength with age (Chouinard et al., 2020). In both studies, the method of
adjustment was used to measure perception. Age effects going in opposite directions in the
same participants using identical approaches for measuring perception suggest the results from
the two studies are not due to issues related to task demands. Rather, the results are better
explained by different perceptual experiences.
There is a greater degree of discrepancy regarding gender effects across studies. We
did not find any evidence for differences in illusion strength between genders despite males
demonstrating greater accuracy in the line alignment matching task. Likewise, Leibowitz and

Gwozdecki (1967) and Vurpillot (1957) have not found any differences between genders.
Conversely, Pressey and Sweeney (1970) found a trend, and Girgus and Coren (1987) found a
significant effect, for females to experience a stronger illusion than males. The discrepancy
amongst these studies plays down the notion that males see the illusion more veridically
(Girgus & Coren, 1987; Pressey & Sweeney, 1970). We are unable to offer any explanation as
to why some but not all studies demonstrate a gender effect. We doubt that our null result
relates to sampling power. Our effect size for gender was practically non-existent (𝜂 = .01).
What does our study offer in addition to previous research? First, all previous studies
date back 33 to 63 years ago and used non-computerised methods. As such, the present
investigation conforms better to the rigours of modern expectations and may have less noise
given the illusion task was computerised. Second, this is the only study that has used regression
equations to mathematically characterise how illusion strength changes with age and reaches
adult levels. Third, none of the other studies attempted to examine what other skills may explain
the decrease in illusion strength with age. In short, this study offers higher internal validity and
more sensitivity than other studies. It also provides further insight into the underlying
mechanisms of the Poggendorff illusion and how it develops in children.

Factors contributing to the Poggendorff illusion and its development

The results demonstrate different developmental profiles for line alignment-matching abilities
and illusion strength. The former improved with age and reached maturity at 14.7 years (Fig.
4B) while the latter was exaggerated in the younger children and attenuated with age, reaching
mature levels at 21.6 years (Fig. 4A). The seven year difference to reach maturity explains why
abilities in line alignment matching did not correlate with illusion strength even though both
correlated with age. Developing the skills required to judge orientations at adult levels could

be a pre-requisite for the development of other processes to fine-tune the system so that it no
longer overcompensates. Further analyses on the data reported in the Leibowitz and Gwozdecki
(1967) and Vurpillot (1957) studies confirm that the Poggendorff illusion reaches adult levels
in late development. Adult levels for the former was reached at 17.8 years (Fig. 4C) while adult
levels for the latter were reached at 23.5 and 27.4 years in separate experiments (Figs. 4D,E).
Likewise, the multiple regression analyses demonstrating that receptive language and
abstract reasoning did not contribute beyond their shared variance with age is revealing. If one
considers this finding along with the one demonstrating how the illusion reaches mature levels
in early adulthood then it would appear that the development of cognitive skills are critical for
the Poggendorff illusion to reach adult levels. This interpretation is further corroborated by
Leibowitz and Gwozdecki’s demonstration that the strength of the Poggendorff illusion does
not change with age in persons with intellectual disability (1967). Hence, the actual lived years
of visual input is not sufficient in the typical development of the Poggendorff illusion but is
presumably necessary for learning the necessary cognitive skills, associations, and knowledge
for the illusion to be perceived in the same way as typical adults normally perceive it.
The question then arises as to how these findings inform the underlying mechanisms of
the Poggendorff illusion. As covered in the Introduction, low level explanations implicate
processes devoted to processing lines while high level explanations implicate processes that
lead to an understanding of the world as projected on the retina. These two types of
explanations are not necessarily mutually exclusive. The neural machinery in V1 responsible
for line processing could be fine-tuned by context and knowledge through top-down
modulation – in the same way contextual cues about depth can influence how neural machinery
in V1 processes size information (Murray, Boyaci, & Kersten, 2006; Sperandio, Chouinard, &
Goodale, 2012). With this in mind, we speculate that the developmental changes in the
Poggendorff illusion reflect changes in both low level and high level processes.

As explained earlier, the neural machinery in V1 responsible for line processing
operates through lateral inhibition (Burns & Pritchard, 1971; Hubel & Wiesel, 1959). Structural
magnetic resonance imaging studies examining the developmental trajectory of grey-matter
densities show non-linear changes during childhood and adolescence with pre-pubertal
increase followed by post-pubertal loss (Giedd et al., 1999). The latter corresponds roughly to
when abilities in line alignment matching reached adult levels (Fig. 4B) and is thought to reflect
synaptic pruning (Giedd et al., 1999). With this in mind, we speculate that the illusion is
strongest in younger children because the lateral inhibition in V1 is not fully developed, which
causes an exaggeration in the perceived misalignment of the diagonal line. The perceived
misalignment diminishes with age as lateral inhibition becomes more developed and finetuned.
Nevertheless, our data also demonstrate further decreases in illusion strength that
continue into early adulthood and follow similar trajectories as the development of cognitive
skills measured by the PPVT and RPM (Table 4). Our study did not allow us to determine what
specific cognitive skills these might be. Future studies could test spatial abilities and the use of
contextual cues in understanding spatial relationships between objects. Tests for the former
could include the mental rotation task (Shepard & Metzler, 1971) and the block design test
(Kohs, 1923) from the Wechsler intelligence tests (Wechsler, 2014). The effects of the latter
could be examined by incorporating additional depth cues in the Poggendorff illusion display
other than occlusion. Recent work by Talasli and Inan (2015) has demonstrated that
incorporating brick textures in the occluder alters the strength of the illusion in a manner that
seems to follow Emmert’s law3 (Emmert, 1881). In devising their study, the authors reasoned
that larger brick textures would cause the brain to treat the occluder as being closer than smaller

3

Emmert's law states that objects generating retinal images of the same size will increase in apparent
size with viewing distance. Viewing distance can either be real, as described originally, or apparent, as
described here.

brick textures, which would result in a stronger illusion according to depth processing theory.
This is precisely what Talasli and Inan (2015) found. A similar paradigm could be used in
children to determine when in development these contextual cues begin to exert an influence
on the Poggendorff illusion.
Last, it is important to underscore that the developmental profile that we observed for
the Poggendorff illusion does not necessarily apply to other visual illusions. Visual illusions
differ in their underlying mechanisms (Chouinard et al., 2016) and therefore the skills required
to see them in the same manner as adults will differ and develop along different time courses.
To illustrate this point, consider the diverging outcomes between the present investigation
examining the Poggendorff illusion and our earlier study examining the Shepard illusion using
similar procedures in the same participants (Chouinard et al., 2020). This research
demonstrates how the strength of the Poggendorff illusion is exaggerated in young children
and diminishes with age – reaching adult levels by 21.6 years. In contrast, the strength of the
Shepard illusion is weaker in young children and increases with age – reaching adult levels by
11.5 years. Nonetheless, there were some similarities in development between the Poggendorff
and Shepard illusions. Namely, the maturation seemed to require the development of cognitive
skills – as evidenced by the strength of both illusions correlating with raw scores on the PPVT
and RPM.

Other methodological considerations and suggestions for future research

The decrease in illusion strength with age indicates that the Poggendorff illusion falls in the
innate class of illusions described by Binet (1895) and Piaget (1950, 1969). Strictly speaking,
it may not be possible to test the presence of this illusion in newborns to determine with
certainty that the illusion is indeed innate but one could get a better sense of its possible

innateness by testing younger children. We did not test children younger than six years because
pilot testing revealed that younger children could not perform our method of adjustment task
reliably. Future studies could test younger children using a method of production procedure
where only one diagonal line segment is shown and the participant is asked to touch on a touch
screen where the line would continue if it were to continue to go straight behind the occluder.
A similar approach was used with pen and paper by Pressey and Sweeney (1970) in children
and adolescents in grades 3 to 9. The authors of the study asked participants to imagine the line
as a road along which a car travelled and place a dot on the other side of the occluder where
the car would cross if it continued to travel in a straight line. Although it remains to be seen if
children younger than those in the Pressey and Sweeney (1970) study or the present
investigation can do this, the approach does offer many possibilities for a more interactive and
engaging experiment, which could help young children sustain attention.
Another consideration is that the standard scores on the PPVT and RPM indicate that
our sample was higher functioning than what is representative of the general population (Table
2). This may relate to our recruitment procedures that used an opt-in approach to obtain parental
consent. Parents of higher functioning children were perhaps more likely to agree to participate,
which included taking children out of class time, than those with lower functioning children.
Furthermore, the adult levels that we considered in our calculations were taken from our earlier
study that consisted mainly of university students, which were also likely to be higher
functioning than the general population (Chouinard et al., 2016). Thus, there is the possibility
that the developmental profiles that we report are not representative of the general population.
Future work can look into this possibility. Nevertheless, we cannot think of any reasons as to
why similar patterns of results would not emerge in a sample that is more representative of the
general population, particularly with respect to the maturation of line alignment abilities prior

to the maturation of the illusion and the close association between illusion strength and
cognitive abilities.
In addition, we could have improved our sensory task in two ways. First, we could have
improved its sensitivity by making it more difficult and incorporating more trials. Comparing
Figs. 4A-B demonstrates that the low sensitivity of the line alignment task resulted in less
variability in the data compared to the illusion task. One could argue that the diminished
variability could explain why illusion strength and abilities in line alignment did not correlate.
However, we are not too concerned. There was still sufficient variability in the data to fit a
significant regression line between age and abilities in line alignment – making the
incorporation of the latter in the multiple regression and interpolation analyses appropriate.
Second, we could have made the task more relevant within the context of the false estimation
of angles theory by examining abilities in line orientation as opposed to line alignment. This
would have enabled us to more directly test the theory and assess its contribution in the
development of the Poggendorff illusion.
Given the occlusive nature of the Poggendorff illusion, another perceptual task that
would have been interesting would be one that assessed perceptual completion. Perceptual
completion pertains to the ability to perceive a stimulus, such as the diagonal line in the
Poggendorff illusion display, as a singular object when it is partially occluded. Although the
presence of rudimentary perceptual completion is well documented in infancy (Johnson &
Aslin, 1995, 1996; Johnson & Náñez, 1995), little is known as to when these skills become
fully developed. Preliminary work suggests that perceptual completion is fully developed in
children who are 10 but not 4 and 5 years of age (Hadad & Kimchi, 2018). It is possible that
the maturation of perceptual completion could be required for the Poggendorff illusion to be
experienced to the same degree as adults. Future studies could test this possibility.

The examination of decrement and transfer effects in a developmental context could
also be interesting to examine in the future. In adults, the strength of the Poggendorff illusion
decreases with repeated exposure (Beckett, 1989; Predebon, 1990, 2006). This effect is known
as decrement. Also in adults, decrement can transfer between different variants of the
Poggendorff illusion (Beckett, 1989; Predebon, 1990). For example, exposing adults to an
illusory contour version of the Poggendorff illusion (where the outline of the occluder is
apparent but not physically there) reduces the subsequent illusory strength for a more
traditional version of the Poggendorff illusion, and vice versa (Beckett, 1989). However, a
study by Mallenby (1974) could not demonstrate decrement and transfer effects in a group of
children between 11 and 14 years. It could be the case that these occur later in adolescence.
Based on our findings suggesting that low-level processes underlying the illusion might mature
earlier than high-level ones, we would predict that decrement effects would emerge earlier in
development and that transfer effects would emerge in adolescence or early adulthood –
assuming the former involves neural mechanisms in V1 while the latter requires cognitive
generalisation fulfilled by other areas in the brain.

Closing remarks

Our study demonstrates that the Poggendorff illusion is exaggerated in early development and
attenuates as low-level and high-level processes mature. It also provides preliminary insight
into how the illusion develops. Theoretical implications and directions for future investigation
were discussed.

Fig. 1. The Poggendorff illusion and two theoretical explanations to explain it. The
Poggendorff illusion consists of a diagonal line whose middle portion is occluded by a vertical
rectangle (A). The configuration typically gives rise to a perceived misalignment of the two
ends of the diagonal line. A prevalent theory posits that the perceived misalignment is driven
by people’s tendency to overestimate and underestimate acute and obtuse angles, respectively
(B). Another prevalent idea is that it utilises mechanisms that enable us to interpolate three
dimensions form two-dimensional retinal images based on learned associations between retinal
information and the physical world. The photographs on the right (C) illustrate how the two
ends of the candle snuffer appear misaligned because of the candle in front of it. This is further
illustrated by the yellow markings in the smaller photograph. Yet, in the real world, the candle
snuffer does not appear misaligned even though the images on the retina are also two
dimensional.

Fig. 2. Illusion and line alignment matching tasks. The figure displays the illusion (A) and
line alignment matching (B) tasks. The right side of the top panel (A) demonstrates the full
visual display with the buttons at the bottom that the participants used to adjust the comparison
stimulus (in this case, the line segment on the right) to match the standard (in this case, the line
segment on the left). The different tasks (A-B) had similar buttons and differed by the stimuli
presented in the black area and the dimensions that had to be matched.

Fig. 3. Analyses of variance. We performed ANOVA to determine if there were changes in
illusion strength (A), line alignment matching abilities (B), receptive language (C), and abstract
reasoning (D) between four different age groups. Daggers (†) denote a significant presence of
the illusion against zero while asterisks (*) denote a significant difference between age groups.
The Youngest Age Group (in blue) ranged from 6.0 to 7.8 years, the Second Age Group (in
red) ranged from 7.9 to 10.0 years, the Third Age Group (in silver) ranged from 10.2 to 11.8
years, and the Oldest Age Group (in green) ranged from 11.8 to 14.7 years.

Fig. 4. Correlations with age with when adult levels are reached. Non-linear regression
equations were calculated that best fit how illusion strength (A) and line alignment matching
abilities (B) changed as a function of age in the present investigation. We also performed the
same analyses using the descriptive data reported in studies by Leibowitz and Gwozdecki

(1967) (C) and Vurpillot (1957) (D, E). The logs indicated in the regression equations have a
base of 10.

Tables
Table 1. Summary of previous studies examining the early developmental profile of the Poggendorff illusion.
Reference
Girgus, J. S., & Coren, S.
(1987). The interaction
between stimulus variations
and age trends in the
Poggendorff illusion. Percept
Psychophys, 41(1), 60-66.

Age tested
Age groups: First graders (mean
= 6.2 years), third graders (mean
= 8.3 years), fifth graders (mean
= 10.4 years), and college
students (mean = 20.3 years).

Method
Non-computerised method of productiona
using pencil and paper. The task was to
align the diagonal line.

Statistics
ANOVA

Results
The illusion decreased in strength
with age and was stronger in
females relative to males.
Poggendorff configurations with
more acute angles and a wider
rectangle produced stronger age
and gender effects.

Greist-Bousquet, S., Davis,
J., & Schiffman, H. R.
(1987). Another look at age
trends in the Poggendorff
illusion: Real or illusory?
Bull Psychon Soc, 25, 441443.

Age groups: Second graders,
fourth graders, sixth graders,
and eighth graders.

Non-computerised method of productiona
using pencil and paper. The task was to
reproduce the distance between the two
intersections.

ANOVA

The authors concluded that there
was no convincing effect of age.
The illusion was stronger in more
intact variants of the illusion.

Leibowitz, H. W., &
Gwozdecki, J. (1967). The
magnitude of the
Poggendorff illusion as a
function of age. Child Dev,
38(2), 573-580.

5 to 80 years, which were
divided in 16 age groups. The
intellectually disabled were also
examined.

Non-computerised method of adjustmentb
of a physical apparatus. The task was to
align a diagonal rod.

Descriptive

The Poggendorff illusion seemed
to decrease with age from 5 to 10
years, after which it remained
stable into old age. The illusion
seemed to be greater in the
intellectually disabled and this
did not seem to change with age.
There was no discernible effect of
gender.

Pressey, A. W., & Sweeney,
O. (1970). Age changes in
the Poggendorff illusion as
measured by a method of
production. Psychon Sci, 19,
99-100.

Age groups: Third graders
(mean = 8.6 years), sixth graders
(mean = 11.8 years), and ninth
graders (14.6 years).

Non-computerised method of productiona
using pencil and paper. The task was to
align the diagonal line.

ANOVA

Illusion strength decreased with
age. There was a trend for
females to experience a stronger
illusion than males at p = .05.

Vurpillot, E. (1957).
L'influence de la
signification du matériel sur
l'illusion de Poggendorff.
L'année psychologique,
57(2), 339-357.

Age groups: 5 to 6 years, 7
years, 9 years, 12 years, and
adults. Adults were divided into
affluent and non-affluent
groups.

Non-computerised method of adjustmentb
of two maquettes: One simulating a ‘real
world situation’ (specifically: a wired
figure, dressed like a worker, was pulling
a rope to raise or lower a bag of sand
using a pulley) and one that does not
(specifically: the wired figure and bag of
sand were removed and the rope was
replaced with a rod). The rope and rod
appeared diagonal and partially occluded
by a column. The task was to align the
visible ends of the rope or rod.

ANOVA
Descriptive

Illusion strength decreased with
age into adult levels. There were
no effects of gender or affluency.
The ‘real world situation’
diminished the illusion in adults
and in children older than 9 years.

a

Method of production: One of the ends of the diagonal line is removed. Participants mark where along the vertical axis that the diagonal would be if it were to
continue straight.
a
Method of adjustment: Both ends of the diagonal line are visible. Participants lowers or raises one (the comparison end) so that it appears aligned with the other
(the standard end).

Table 2. Descriptive statistics for age, illusion strength, and the other measurements.
All Ages

Youngest Age Group

(6.0 to 14.7 years)
M

SD

(6.0 to 7.8 years)
M

SD

Second Age Group
(7.9 to 10.0 years)
M

SD

Third Age Group
(10.2 to 11.8 years)
M

SD

Oldest Age Group
(11.8 to 14.7 years)
M

SD

Age

9.98

2.51

6.74

0.44

8.94

0.66

11.10

0.54

13.19

0.96

Illusion strength

0.14

0.04

0.16

0.03

0.15

0.04

0.13

0.04

0.12

0.03

0.20

0.40

0.39

0.48

0.23

0.43

0.12

0.33

0.08

0.27

155.72

24.96

128.89

15.79

148.21

18.75

169.32

15.24

177.35

14.86

107.68

12.97

113.85

11.65

107.25

15.05

107.52

11.71

102.15

10.92

36.65

10.24

24.92

8.36

40.27

8.91

39.24

7.13

42.27

5.75

110.00

14.35

112.50

11.75

119.62

14.43

105.68

14.31

102.04

10.50

Line alignment
matching
Receptive language
(raw PPVT) †
Receptive language
(standard PPVT) †
Abstract reasoning
(raw RPM)
Abstract reasoning
(standard RPM)
† Missing in 3 children.

Table 3. Correlation coefficients (r) for linear and non-linear relationships between age and the other dependent variables.
Illusion

Line alignment

Receptive language

Abstract reasoning

Strength

matching

(raw PPVT) †

(raw RPM)

Age (linear)

-0.45

-0.27

0.78

0.56

Age (logarithmic, base 10)

-0.46

-0.28

0.79

0.60

† Missing in 3 children.

Table 4. Correlation matrix (r) between the different dependent variables.
Illusion

Age

Line alignment

Receptive language

Strength

(logarithmic, base 10)

matching

(raw PPVT) †

Age (logarithmic, base 10)
Line alignment matching

** -0.46
0.10

** -0.28

Receptive language (raw PPVT) †

** -0.35

** 0.79

* -0.27

Abstract reasoning (raw RPM)

** -0.36

** 0.60

-0.23

† Missing in 3 children, * puncorr < .05, ** pcorr < .05

** 0.61

Table 5. Correlation coefficients (r) for linear and non-linear relationships between age and illusion strength calculated from other
studies.
Leibowitz, H. W., & Gwozdecki, J. (1967)
Child Dev, 38(2), 573-580
Age (linear)
Age (logarithmic, base 10)
* See Table 1 for details.

-0.82
-0.91

Vurpillot, E. (1957)
L'année psychologique, 57(2), 339-357
“Rope” experiment *
“Rod” experiment *
-0.83
-0.88

-0.90
-0.90
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