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Abstract

Perceiving direct gaze — the perception of being looked at — is important in everyday life. The gaze cone is a concept to
define the area in which observers perceive gaze as direct. The most frequently used methods to measure direct gaze thresh-
old fall into two broad groups: First, a variant of the method of constant stimuli, firstly introduced by Gibson and Pick (The
American Journal of Psychology, 76, 386-394, 1963). Second, a variant of the method of adjustment, firstly introduced by
Gamer and Hecht (Journal of Experimental Psychology: Human Perception and Performance, 33, 705-715, 2007). Previous
studies found a considerable range of thresholds, and although some influences on thresholds are already known (uncertainty,
clinical groups), thresholds often vary for no apparent reason. Another important method is a triadic gaze-perception task,
which usually finds triadic gaze direction judgments to be overestimated. In two experiments, we compare the method of
adjustment with the method of constant stimuli. Experiment 1 additionally examines the influence of the overestimation
effect found in the triadic task. Results indicate that thresholds are larger when measured by the method of adjustment than
by constant stimuli. Furthermore, Experiment 1 finds a nonlinear overestimation factor, indicating that gaze directions near 0°
are less overestimated than larger eccentricities. Correcting the thresholds with individually obtained overestimation factors
widens the gaze cone but does not eliminate the average difference between the methods of adjustments and constant stimuli.

Keywords Measurement method - Gaze cone - Overestimation bias

Introduction

The area of direct gaze—also known as the gaze cone (Gamer
& Hecht, 2007)—can be measured by a range of different tech-
niques. The first study on this topic was presented by Gibson
and Pick (1963). They measured direct gaze by having a real
person looking at certain points on and near the face of the par-
ticipant with a simple task: “If you are looked at, say yes—if not,
say no.” Since that first experiment, the number of studies has
increased and is still increasing, and other methods of measure-
ment have been added. With more studies and more methods,
the picture had become increasingly rich, but did it also get bet-
ter, or clearer?

In the field of gaze cone research, the results of different
studies have shown some variability with respect to gaze
cone width. Conceptually, the perceived gaze cone certainly
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is expected to show some variability in a population, as any
trait or state does. Indeed, some variables have already been
identified that may temporarily alter the width of the gaze
cone, such as social anxiety or social exclusion (Gamer
et al., 2011; Lyyra et al., 2017). On the other hand, meas-
urement techniques may also have had effects, and indeed,
a number of methods have been used in the past.

The most frequently used methods in gaze perception research
can be divided into two broad groups of tasks: The first task was
introduced by Gibson and Pick (1963) and used the method of
constant stimuli. These authors presented seven different gaze
directions that had to be evaluated by an observer as direct or
averted. The task involved only the looker and the participant.
As the participant is at the same time the object and the observer
of the looker’s gaze, this design has aptly been termed a dyadic
variant of a gaze perception task, in contrast to a triadic task,
where the looker’s gaze is directed on a third object that is inde-
pendent from the observer. The distribution of yes answers over
the seven gaze directions was obtained and used to extract a
measure of threshold for direct gaze. Gibson and Pick (1963)
found a threshold of somewhat less than 3° at a distance of 2 m,
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implying a cone width of about 6°. Please note that Gibson and
Pick originally thought that their results could be traced back
to an accuracy threshold rather than to an actual area of direct
gaze. The latter notion was introduced years later by Gamer and
Hecht (2007). Lobmaier and colleagues (2021) found a 5° wide
cone at 60 cm distance with the same method, a width which is
well above the human accuracy threshold. Balsdon and Clifford
(2018) used an elaborated variant of the task and asked partici-
pants whether the gaze is orientated left, right, or directly at them,
and found a 9° wide cone at a distance of 57 cm.

The second method was introduced by Gamer and Hecht
(2007; see also Horstmann & Linke, 2021), who used a
variant of the method of adjustments, where the observers
adjusted the gaze of the looker to the point where they felt
just (not) looked at. This method has proven versatile also in
the assessment of gaze cone size in special subpopulations
(such as social anxiety, as in Gamer et al., 2011). Gamer and
Hecht (2007, Experiments 1-3) found a gaze cone width of
9° at a distance of 1 m, while a distance of 5 m has led to a
cone of only 8°, but with no significant difference between
the two distances (in their Experiment 4, the gaze cone meas-
ure was notably smaller). Gamer and colleagues (2011) found
a 11° wide cone for healthy control subjects at 1 m viewing
distance, and Harbort and colleagues (2013) found an even
wider cone of 14° in their healthy control group, at 1 m view-
ing distance. While Gamer and Hecht as well as the other
studies just mentioned exclusively used their decentering task
to define the width of the gaze cone, Horstmann and Linke
(2021) used ascending and descending series (i.e., starting
in the center and adjusting to the periphery, or starting in
the periphery and adjusting to the center) to better control
for possible anchor or hysteresis effects. They found a gaze
cone of 5°. They also tested a wider range of distances, which
did not differ significantly from each other, similar to the
majority of studies that varied distances (for an overview of
previous studies and their results, see Appendix Table 1).

Based on the two measures, one may observe a slight
tendency towards a larger cone width with the method of
adjustment than with the method of constant stimuli. One
might suspect that the question “are you being looked at”
does not evoke the same understanding in observers as
the task “adjust the eyes until you are being looked at” or
“adjust the eyes until you are no longer being looked at.”
Different instructions can lead to different mental repre-
sentations of aspects of the task for the observers (e.g.,
Miiller et al., 2018).

Another question that remained to be clarified is the
influence of the overestimation effect on the perception of
direct gaze. The overestimation effect was first described
by Anstis and colleagues (1969). These authors used a tri-
adic measurement task that involves three constituents: the
looker, the observer, and the object that is looked at by the
looker. More precisely, observer and looker sit face-to-face
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with a bar between them. The looker looks at prespecified
points at his side of the bar, and the observer, who has a
scale on his side of the bar, has to indicate the position
where he perceives the looker’s fixation point. The data can
be analyzed by regressing subjective position depending on
the objective position, and the slope of the linear equation
gives the overestimation factor: Slopes above 1 indicate an
overestimation, while slopes below 1 indicate an underesti-
mation; a slope of 1 would be perfect perception. In Anstis
et al.’s study, observers overestimate the presented gaze
direction by an average of 50-86 %.

Is there a relation between dyadic and triadic tasks? Assum-
ing that performance in both tasks share common perceptual
mechanisms, one might suspect that the overestimation effect
plays a role in both tasks. If so, the overestimation effect
impacts on the gaze cone size. Given that, firstly, the gaze
direction is calculated and, secondly, a judgment about the
directness of gaze is made, the overestimation may influence
the perception of direct gaze. Therefore, an overestimation or
underestimation effect could make a gaze direction appear
more direct or more averted and could potentially lead to a
narrower or wider gaze cone.

There are, however, some differences between the two tasks
that could make it difficult to compare a dyadic and triadic
method: A dyadic task necessarily involves only two compo-
nents: The looker and the observer. Here, the observer acts as
the object of gaze and as the one who judges gaze. Therefore,
the task combines the self-perception of the observers as well
as a following judgment if a gaze is directed at them. In con-
trast, a triadic task involves three components: The looker, the
observer, and a third object that is looked at by the looker.
Although both tasks involve the same stimulus (the lookers’
eyes), there are some differences in the available information:
First, in a triadic task, the size of the third object, which is
looked at by the looker, is directly available for the observer.
Therefore, the decision whether the gaze direction is in line
with the third object can be inferred from the direct visual cue
from the object’s position and size. Contrary, in a dyadic task,
the size of one’s own body or own face must be inferred indi-
rectly from memory or the body representation. Second, the
triadic task includes three important distances: looker-object,
object-observer, and looker-observer. Whereas looker-object
and observer-object distance can (but does not have to be) be
equal, the looker-observer distance has to be different from
the previous two mentioned distances. In contrast, the dyadic
task involves only one distance: the looker-observer distance.
Although it seems reasonable that triadic and dyadic tasks
share some common perceptual mechanisms, it is still unclear
how distance—as well as self-perception—influence the two
tasks.

Balsdon and Clifford (2018) had made a first approach to
measure the influence of the overestimation effect on the gaze
cone by combining a direct gaze-judgment task (e.g., Gibson
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& Pick, 1963) and a gaze reproduction task (e.g., Anstis et al.,
1969), where participants manipulated a virtual eyeball to
match the perceived gaze direction. In some trials, they asked
participants to decide whether the presented gaze direction is
left, right, or direct (modified gaze-judgment task). In other
trials, they asked participants to adjust a “pointer,” which was
a virtual sphere that could be rotated to adjust the horizontal
angle of the central target, in the direction of the presented
gaze direction (modified gaze-reproduction task). It allows
to recalculate gaze cone width while accounting for the error
that is evident from the matching task. The results of Balsdon
and Clifford’s study showed a 1.5 times larger gaze cone size
when correcting for the error from the matching task than for
uncorrected values.

To summarize, the influence of the different tasks on gaze
measurements as well as the influence of the overestimation
effect on the perception of direct gaze have not yet been empiri-
cally addressed. On the one hand, dyadic tasks should ideally
reveal the same thresholds when everything else is unchanged.
Therefore, the current study aims to answer the question: Do dif-
ferent measurement methods result in consistent measurements
of gaze cone width within subjects? In the first experiment, we
used a real looker and tested if there is a difference in the average
gaze cone width, and how the gaze cone width is influenced by
the overestimation effect. The second experiment tested a com-
puter avatar with the methods of adjustment and constant stim-
uli, and additionally investigated whether there is a correlation
between the gaze cone widths measured with different methods
under controlled circumstances using a computer avatar.

Experiment 1

Experiment 1 involved three methods from previous research
on gaze perception: the methods of constant stimuli and of
adjustment, and the triadic task. Each observer performed
all three measurement methods—one per task. The order
of the tasks was counterbalanced across subjects to control
for possible serial order effects. Between the different tasks,
the apparatus was changed according to the following task.

Participants

Twenty observers (10 male, 10 female), aged between 16 and
36 years, volunteered for course credit or candy. We assumed
a large effect (d = 0.7 or higher) even for small mean differ-
ences between paradigms. A power analysis using this effect
size yielded a target-sample size of n = 18 for our critical
hypothesis ¢ test with the standard 0.8 power, and alpha of
0.05. All observers had normal or corrected-to-normal vis-
ual acuity and intact color vision. Participants gave written
informed consent before participation. The experiment was
approved by Bielefeld University’s ethics committee.

Task 1: Method of constant stimuli
Method
Apparatus and stimuli

A real looker served as the stimulus. The real looker was a
23-year-old woman with normal visual acuity and green eyes
(see Fig. 1). Her interpupillary distance was 6.5 cm. She sat at
a distance of 165 cm from the observer. The observers sat very
close to the backside of a computer monitor, with the upper
edge immediately below their eyes. The front side of the monitor
was faced toward the looker. Only the upper 5% of the monitor
screen was used to present the fixation points for the looker,
which thus appeared directly under the observers’ eyes. Because
of the narrow frame of the screen, the fixation points appeared
actually 2 cm below the eyes of the observer. At a distance of
165 cm, this 2 cm deviation corresponds to a downward shift
of the gaze of 0.69°. Studies on acuity of gaze perception sug-
gest that this gaze deviation is not or just barely perceivable
by the observer (Gibson & Pick, 1963; Symons et al., 2004).
Even if observers can perceive the deviation, it is likely that they
nevertheless would perceive the gaze is being directed at them
due to the properties of the vertical dimension of the gaze cone
(Horstmann & Linke, 2022). Fixation points were white circles
with a size of 20 pixels on a light grey background. They were
presented on a 51 cm X 35 cm-sized Fujitsu Siemens monitor
with a frame rate of 89 Hz. The display had a resolution of 1,680
% 1,050 pixels. The stimuli were presented in full-screen mode.
The presentation of the fixation points and the response registra-
tion of the observers were controlled by a custom written Python
script using routines from PsychoPy (Peirce, 2008). Observers
indicated their answers by using the keyboard’s left (for yes) and
down arrow (for no) buttons. Gaze directions of the real looker
varied between 0° and 13.9° which refers to distances of 0 cm
to 39 cm on screen in steps of an exponential function with 2.5
cm. This led to five gaze directions (0°, 0.9°,2.2°,5.4°,13.9°) in
total. For reasons of economy only one side of the gaze cone (the
left side, from the vantage point of the observer) was measured

Fig. 1 Exemplary photos of the looker model. The left picture shows
the looker gazing 0° straight. The right picture shows the looker gaz-
ing 13° to the left (from observer’s perspective)
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(see Fig. 2). The symmetry of the gaze cone allows this option
(see Gamer & Hecht, 2007; Horstmann & Linke, 2021).

Design and procedure

Each trial followed the same sequence of events. First, the
observers were asked to close their eyes. The looker then
fixated on a fixation cross in the middle of the screen until
the fixation point on the top of the screen was presented.
Then, the looker fixated on the fixation point, which was
either 0°, 0.9°, 2.2°, 5.4°, or 13.9°. Subsequently, the
observers were allowed to reopen their eyes. Their task
was to judge whether they are looked at or not. They indi-
cated that they are looked at by pressing “yes” (left arrow
button) or “no” (below arrow button) on the keyboard.
After the observer had pressed the answer key, the next
trial began with the presentation of the central fixation
cross. The fixation cross and the fixation points were
visible only for the looker, but not for the observer. The
observer thus only saw the looker’s gaze direction, but not
the target of the gaze. Every gaze direction was presented
25 times in random order, which resulted in a total number
of 125 trials. The observer performed two practice trials
at the beginning.

Results and discussion

The data of 18 observers could be analyzed. Due to an
adjustment of the experimental setting after the second
observer, the first and second observer had to be excluded.
The data were aggregated by observer and gaze direction.
Yes and no judgements were inverted to allow the fitting on
a cumulative Gaussian function. By using the “quickpsy”

165cm

Monitor

S

Observer Looker

Fig.2 An illustration of the experimental setup. The looker fixated on
multiple points on the monitor, which was placed right in front of the
observer
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package (Lineares & Lopez-Moliner, 2016), an individual
fitting per observer was computed. Fitting parameters for all
observers were extracted. The 50% point on the fitted curve
was used as the threshold of direct gaze. The threshold of
direct gaze was 3.33°. Please note that the threshold of direct
gaze is only half cone width; two-sided cone width would
therefore be 6.6°. Observer’s thresholds varied between
1.35° and 5.54° (see Fig. 3). The data were similar to previ-
ous studies using the method of constant stimuli.

Task 2: Method of adjustment
Method
Apparatus, stimuli, and design

The apparatus was similar to Task 1. The real looker (the same
as in Task 1) fixated on a white fixation point on a monitor. In
contrast to Task 1, however, the fixation points did not appear
as constant stimuli but were continuously adjustable by the
observer. The fixation points could be adjusted in two ways:
In descending series, the start dot started on the left side of the
screen at 0° (0 cm) of gaze direction. As this point was exactly
at the center of the observer’s face, it is referred to as the center
position. This fixation point could then be adjusted continu-
ously (actually in steps of 0.05°) by using the scroll function of
the mouse in smooth movements to the right side of the screen
to the edge position (13.9°, 39 cm screen distance). Alterna-
tively, in ascending series, the fixation point first appeared at
the edge position—the right side of the screen (39 cm—13.9°),
and could be adjusted in smooth movements to the left side
in direction to the center position (0 cm, 0°). The looker fol-
lowed the fixation point with his eyes, appearing as a smooth
eye movement to the observer.

Presentation and response registration were controlled
by a custom written Python script using routines from Psy-
choPy (Peirce, 2008). The instruction for a given trial was
presented verbally before each trial by the experimenter.
Observers were asked to adjust the looker’s eyes until they
just felt looked at in ascending series or until they just felt
not looked at in descending series. The observers were free
to adjust the eyes as long as they wanted to and could cor-
rect their adjustments to the left as well as to the right. They
confirmed their final result by pressing the “enter” key on
the keyboard. By scrolling upward, the fixation point was
moved so that the gaze shifted to the right, while scrolling
downward led to a gaze shift to the left. Between the trials
the observers were again asked to close their eyes and were
allowed to open them again when the looker had fixated on
the first position of the fixation point of the next trial.

Two warm-up trials were made before the experiment
proper, during which the researcher probed the participants’
understanding of the task and provided answers to possible
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Fig.3 The individual proportions (points) for judgements of direct gaze and the fitted cumulative Gaussians (lines). The x-axis depicts gaze

direction; the y-axes the proportion of averted gaze judgments

questions. Descending and ascending series were presented
randomly and were repeated six times, which resulted in 12
trials per gaze position.

Results and discussion

The data were averaged for each observer and each of the
two series (ascending and descending) separately. Ascending
series yielded a mean of 5.45°, with a range between 1.65°
and 9.84°, while descending series yielded a mean of 5.08°,
with a range between 2.41° and 9.33°. Averaging over both
series resulted in a threshold of direct gaze of 5.24°, and a
between subject standard deviation of 1.28°. Within-subject
standard deviation ranged from 0.38° to 2.66° with an aver-
age of 1.05°. A ¢ test indicated no significant differences
between the two series, #(17) = 0.53, p = 0.60, and a small
non-significant correlation r = —0.13, #(16) = —0.53, p =
0.60. The presented results seem to be roughly in line with
previous studies using the method of adjustment.

Task 3: Triadic task
Method
Apparatus, stimuli, and design

The apparatus and the stimuli were similar to Task 1. The
main change was the task and response. In each trial, a fixation
point at 0°, 0.9°,2.2°,5.4°, or 13.9° was shown on a computer
screen, visible only to the looker, who fixated on the fixation
point when the observers had closed their eyes. Importantly,
however, the observers’ task was not to indicate whether they
are looked at or not, but where the looker is looking. To that
end, a scale was fixed to the top of the monitor. Furthermore,
the rectangular area under the scale was hidden by a clad-
ding. The cladding was intended to cover the entire back of
the screen as well as the space beside the screen up to the left
wall of the room to prevent that observers could guess were
the monitor ends. Without the cover, observers might have
concluded that the looker’s digitally displayed fixation points
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could only cover gaze directions that end within the monitor
frame. To avoid ceiling effects due to the observer’s percep-
tion of the monitor’s size, the monitor as well as the space
between the monitor and the wall were covered. The cladding
was present in all tasks, only the meterstick was added addi-
tionally to the screen for the present task.

In this task, observers sat at a distance of 25 cm from the
screen in order to be able to see the scale (see Fig. 4). The
screen was 165 cm away from the observer; thus, the over-
all distance between observer and looker was 190 cm. The
observers were asked to judge which position the looker is
fixating on by reading the corresponding (full) cm value on the
scale. Between the trials the observers were asked to close their
eyes. After the looker had adjusted her gaze to the next fixation
point, the observers were allowed to open their eyes again.

Results and discussion
Linear fit

As a first approach, we fitted the data to a linear function
as researchers have done before (Anstis et al., 1969; West,
2010, 2011). The average slope was 1.8, which was signifi-
cantly different from zero, #(17) = 23.05. p < .001, and the
average intercept was —0.37, which was not different from
zero, t(17) < 1. Figure 5 gives an overview of the linear fits.

Nonlinear fit
An inspection of the data revealed that they may not perfectly

correspond to a linear fit. Actually, almost all of the individ-
ual data appear rather nonlinear (see Fig. 5) and change their

Scale
165cm

=25 cm

Monitor

S

Observer Looker

Fig.4 An illustration of the experimental setup for Task 3. Note that
the scale was attached to the top of the monitor, and a cladding that
reached from the scale down to the table on which the monitor stood
hid the extension of the monitor from the sight of the observer
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slopes with exceeding eccentricity of the looker’s fixation point.
However, observers showed different patterns of slope changes,
which did not easily suggest a commonly used nonlinear func-
tion (i.e., cuamulative Gaussian, exponential, etc.). Therefore, we
decided to calculate a piece-wise linear regression. We defined
the changing points to be our measured gaze directions, which
resulted in a four-piece linear regression. Thus, the first sec-
tion of linear regression was between 0° and 0.9°, the second
section between 0.9° and 2.2°, the third section between 2.2°
and 5.4°, and the fourth section between 5.4° and 13.9°. The
four-piece linear regression was conducted individually for each
observer. Therefore, for each observer and each section (first to
fourth) a linear regression was conducted. This results in four
linear regressions for every observer reflecting the four-section
structure. We extract the intercept and slope for each section
individually for each observer.

The mean intercept of the first section was 0.76, while
mean slope for the first section was 0.18 yielding an underes-
timation on average. The second section (intercept = —0.58,
slope = 1.71), third section (intercept = —0.57, slope =
1.70), and fourth section (intercept = —2.01, slope = 1.97)
indicated an overestimation on average.

To test whether the slopes are different from each other, we
conducted a one-way repeated-measures analysis of variance
(ANOVA), with the slopes as the dependent variable and the
section as the independent variable. The ANOVA revealed a
significant difference between the slopes, F(4,51) =5.24,p =
.003, n% = 0.20, indicating that the slopes change and that the
relation between gaze and judgement is not linear. Post hoc ¢
test revealed a significant difference only between the slope
of the first section and all other slopes, first slope vs. second
slope: #(17) = —2.23, p = 0.04, d = —0.83; first slope vs. third
slope #(17) = —5.18, p < .001, d = 1.68; first slope vs. fourth
slope #(17) = =7.89, p < .001, d = —2.51).

Comparison between measures

The method of adjustment measured a 1.6 times larger thresh-
old of direct gaze than the method of constant stimuli (5.2°
> 3.3°), 1(17) = —4.83, p < .001, d = —1.55. The correlation
between thresholds was small, » = 0.03, #(16) < 1. Correcting
the measured thresholds with the classical linear overestimation
regression revealed estimates of 8.99° and 5.64°, for the method
of adjustment and the method of constant stimuli, respectively.
We were also interested in how the overestimation effects found
with the piece-wise linear regression impacts on the thresholds.
The problem of course is that a nonlinear function does not
provide a single gain factor; rather the slope of the function
changes with the sections of the piece-wise linear regression.
We therefore used the individual fittings to obtain the regres-
sions slope at the specific individual thresholds. To do so, we
calculated the corrected threshold by using the corresponding
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Fig.5 Linear and piece-wise regression for observers. Dots indicate
data points, while the coloured lines indicate the piece-wise regres-
sion function (blue, sectioned line) and the linear regression (green,

linear function of the section. For example, for a participant
with a threshold of 3° we would use the segment between 2.2°
and 5.4°. To calculate the corrected thresholds, we inserted the
threshold of direct gaze in the regression equation (corrected
threshold = slope X threshold of direct gaze + intercept). The
resulting individualized estimates were used to report corrected
thresholds. Please note that with a piece-wise linear regres-
sion not only the slope changed within participants, but also the
intercept. The intercept ranged on average between —0.57 in the
first section to 2 in the fourth section. Therefore, we calculated
the corrected threshold not only by using the slope of the cor-
responding regression, but also the intercept.

The average estimation bias for the thresholds obtained
by the method of adjustments was 1.85, while the overall
estimation bias for the method of constant stimuli was 1.57.
While numerically different, the estimation bias did not

straight line). Dashed lines indicate a perfect estimation. Data points
under the dashed line indicate underestimation, dots above the dashed
line indicate overestimation. (Colour figure online)

differ significantly from each other, #(17) = 1.19, p = 0.25.
Recalculation of cone-width values revealed an increase of
the threshold of direct gaze. The threshold measured with
the method of adjustment increased significantly from 5.24°
to 8.36°, #(17) = 3.14, p = 0.006, d = 0.86. The threshold
measured with the method of constant stimuli increased
significantly as well from 3.33° to 5.46°, #(17) =2.22,p =
0.041, d = 0.51. After the corrections, the thresholds in the
two tasks remained to be significantly different from each
other, #(17) =4.56, p < .001, d = 0.64. The corrected thresh-
old from the method of adjustment was 1.5 times larger than
from the method of constant stimuli, which was only slightly
less than the original difference between methods (1.6 times
larger before correction). Corrected thresholds of the method
of constant stimuli and the method of adjustment had a high
correlation, » = .81, #(16) = 5.71, p < .001 (see Fig. 6).
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Threshold of direct gaze (in degree)

Method
of constant stimuli

Met'hod
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Correctec'i method
of constant stimuli

Correctec'i method
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Fig. 6 Individual thresholds of direct gaze (dots) and the relation of order (lines) between the method of adjustment and the method of constant
stimuli before (left) and after (right) correction with estimation bias of the triadic measurement task

Discussion

When measured with the method of adjustment, the thresh-
old of direct gaze is larger than when measured with the
method of constant stimuli. Overall, the measured thresh-
olds are in good agreement with the literature, being
around 5°. We also found a substantial overestimation of
80% on average using Anstis et al.’s (1969) matching task
for gaze direction; it might be argued, however, that the
classical linear fit is not completely adequate because it
does not consider that for most participants there was little
overestimation near perfectly straight gaze, and that the
shape was more sigmoid than linear for many observers.
We used piece-wise linear regression to accurately estimate
overestimation factors for the different sections (see also
the General Discussion, for further discussion).
Assuming that the overestimation factors and the thresh-
olds can be reasonably related implies that the zone in which
observers perceive to be looked at was 1.6 to 1.8 times as
large when the perception of space is concerned than when
the objective rotation of the eye is concerned. According to
the gaze cone concept, the area of direct gaze can be rep-
resented as a wedge or isosceles triangle originating at the
looker (Gamer & Hecht, 2007). This concept implies that
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at all distances between the looker and the observer there is
a considerable range of positions around the looker—observer
axis where the observer perceive direct gaze. It is this range
of positions that may be related to the overestimation fac-
tor, and implies that this range is 1.6 to 1.8 times as large as
implied by the gaze angle.

The correlation of cone width between the methods of con-
stant stimuli and of adjustment was rather small, which indicates
that the order of the participants in each of the two tasks was
essentially random. By correcting with the estimation bias the
correlation between measurement methods reappears although
in average the majority of observers overestimated gaze direc-
tion in the area of the threshold of direct gaze. However, the
original correlation of noncorrected values is mainly influenced
by the reliability of our measures, which might not be optimal
here. In order to set up an experiment with a live looker and
three tasks, we had to find a compromise between the number
of repetitions in the tasks and the total duration of an experimen-
tal session. The compromise was primarily designed to obtain
data on the parameters of cone size but might have been insuf-
ficient for correlations between the measures. Furthermore, our
real looker may vary unsystematically in her looking behaviour
causing more variance than a computer avatar or photographed
stimuli. Recall that the upper limit for a correlation is the square
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root of the product of the reliabilities (Crocker & Algina, 1986;
Onwuegbuzie et al., 2005).

Therefore, with Experiment 2, we would like to rep-
licate the difference in average cone size as well as to
review the correlation results. By increasing the trial
number as well as the number of participants and addi-
tionally conduct the experiment with a much more con-
trollable stimulus — a computer avatar — we improve
reliability and power to be able to test about the correla-
tion between the method of constant stimuli and method
of adjustment.

Experiment 2

Experiment 1 revealed a difference between the threshold
sizes obtained by the method of constant stimuli and of
adjustment. Experiment 2 replicated Experiment 1, with a
number of changes that were intended to reduce noise and
improve measurement precision. First, a computer ava-
tar replaced the live looker, thus eliminating noise in the
stimulus. Second, the number of trials was increased to
reduce noise in the dependent variable. Third, the thresh-
old was tested on both sides.

Participants

Twenty observers (3 male, 17 female), aged between 20 and
43 years, volunteered for course credit or candy. Sample
size was chosen due to a large effect size in Experiment
1. All observers had normal or corrected-to-normal visual
acuity and intact color vision. They gave written informed
consent before participation. The experiment was approved
by Bielefeld University’s ethic committee, and it conformed
with the Helsinki protocol.

Task 1: Method of constant stimuli
Method
Apparatus and stimuli

A computer-generated avatar was presented on a 36.4 cm
X 27.7 cm-sized Sony Multiscan G420 monitor with a
frame rate of 89 Hz. The display had a resolution of 1,280
X 1,024 pixels. The stimuli were presented in full screen
mode. The width of the avatar’s head was 16.5 cm and the
height 25.8 cm. The interpupillary distance was 6.5 cm.
The screen size of the virtual head approximately equaled
that of an adult human head. The virtual head was gener-
ated based on a modified Sims (Die SimsTM 4, Electronic

Arts GmbH) avatar, in which both eyes were cut out and
replaced by transparent pixels. The simulated eyes were
created and controlled by a custom written Python script
as simulated spheres. The relative sizes of the eyeball, iris,
and pupil were based on normative data so that the iris
was 30% of the eyeball size, and the pupil was 10% of the
eyeball size (Gharaee et al., 2014; Sanchis-Gimeno et al.,
2012). The simulated eyes were controlled independently
in their horizontal rotation. Accordingly, it was possible to
adjust the vergence angle between the eyes in addition to
the nominal rotation angle. The avatar mask was laid over
the simulated eyes. Pictures were generated that showed the
avatar’s face with a range of gaze directions by rotating the
simulated eyes in the horizontal plane. A rotation of 15° to
the left as well as to the right was used as the widest eye
rotation. Gaze direction was varied in steps of 3° from 15°
rotated to the left up to 0°, as well as from 15° rotated to
the right up to 0°, resulting in 11 gaze directions. Here and
in the following, gaze direction will be described from the
observer’s perspective, and gaze to the left will be labelled
as negative values. For this experiment, the vergence eye
angle was fixed to the natural vergence at the presenta-
tion distance, which was 1.1° per eye for a distance of 165
cm. No angle kappa was applied (see Linke & Horstmann,
2024 for further information). Presentation distance was
chosen to match Experiment 1.

Design and procedure

Eleven gaze directions between —15° and 15° in steps of
3° were presented to the observer. Observers watched the
stimuli as long as they wanted and then judged whether the
computer avatar was looking at them by pressing the left
arrow key for “yes” or the below arrow key for “no”. There
was no time limit for the answer. After pressing the key, a
fixation cross appeared in the middle of the screen for one
second, followed by the next gaze stimulus, which was pre-
sented without a time limit. Each of the 11 gaze-direction
conditions was repeated 35 times, resulting in 385 trials.
The order of the trials was random, with a new random
sequence generated for each observer. The observer per-
formed two practice trials at the beginning.

Results and discussion

A Gaussian was fitted to proportion yes for each participant.
The threshold of direct gaze was indicated by the standard
deviations of the individually fitted gaussians. On average the
threshold of direct gaze was 3.51° (see Fig. 7) with an inter-
observer standard deviation of 1.44°. The center of the Gauss-
ian was slightly shifted to the right, which indicates that a gaze
of 0.69° to the right is judged as perfectly being looked at.
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Fig.7 The individual proportions (points) for judgements of being looked at and the fitted Gaussians (lines). The x-axis depicts gaze direction;

the y-axes the proportion of direct gaze judgments

Task 2: The method of adjustment

Method
Apparatus and stimuli

Apparatus and stimuli were similar to the corresponding
condition in Experiment 1. Instead of fixed gaze direc-
tions, the observers were now able to change the gaze
direction of the computer avatar by scrolling their mouse
wheel. The range of gaze directions was the same as in
the method of constant stimuli (—15° to 15°) but in steps
of 1° observers were able to change the gaze direction of
the computer avatar.

Design and procedure
As in the first experiment, there were ascending and descend-
ing series. Ascending series started with an extreme horizon-

tal rotation (15° either to the left or to the right) and could be
adjusted in direction of 0° gaze direction. Descending series

@ Springer

started with 0° gaze direction and could be adjusted up to 15°
horizontal rotation. In contrast to Experiment 1, half of the
trials were concerned with the left side of gaze, whereas the
other half was concerned with the right side of gaze. Note that
when the instructions for a trial specified the right (left) side
of gaze, gaze could be adjusted between 0° and 15° on the
right (left) side only. The combination of the factors side and
series resulted in two types of trials for the left side and for the
right side. The first condition for the left side combined the
instruction “just looked at” with using ascending series that
started with eyes rotated to 15° to the right. The participants
then adjusted horizontal eye rotation to the left side in steps of
1° until that point where they perceived gaze as just directed
at them. The maximum possible value was 0° (straight gaze).
The second condition for right side series combined the
instruction “no longer looked at” with descending series with
eyes starting at 0° straight gaze; horizontal eye rotation could
be adjusted to a maximum of 15° gaze directions to the right.
The same procedure was used for the left side (here and in
the following, we denotate left sided rotations with negative
numbers). The first condition of left side series combined the
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instruction “just looked at” with ascending series, starting
with eyes rotated —15° and could be adjusted in steps of 1°
until the 0° gaze direction. The second condition for the left-
side series combined the instruction “no longer looked at”
with descending series, starting with 0° gaze direction and
could be adjusted to —15° orientated eyes to the left.
Presentation and response registration were controlled
by a custom written Python script using routines from
PsychoPy (Peirce, 2008). The instruction for a given trial
preceded each trial and was visible in a shortened version
while performing the task. The adjustment of the eyes was
made by using the scroll wheel of the mouse. By scrolling
upward, the gaze was shifted to the right, while scrolling
downward led to a shift to the left. The observers could
adjust the eyes as long as they wanted to; they confirmed
their final result by pressing the “enter” key on the key-
board. Two warm-up trials were made before the experi-
ment proper, during which the researcher probed the par-
ticipants’ understanding of the task and provided answers

14 15

to possible questions. Each combination of conditions was
repeated 15 times resulting in a 2 (side) X 2 (series) design
with a total of 60 trials. The order of the trials was random,
with a new random sequence generated for each observer.

Results and discussion

The data were aggregated for each observer and each task
and side separately, resulting in four means per observer.
Thresholds were determined by averaging of ascending
and descending series. Left-side series yielded a mean
of -1.97° for ascending series and a mean of —6.37° for
descending series. The overall mean for the left side was
—4.35°. Right-side series yielded a mean of 2.89° for
ascending series, and 7.31° for descending series. The
overall mean of the right side was 5.31°. Within-subject
standard deviation was highly variable ranging from
0.82° to 7.57°, with an average of 3.25° (see Fig. 8).
The overall mean averaged over both series, and sides
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resulted in a threshold of direct gaze of 4.73°. T tests
indicated a significant difference between series, #(17)=
—-5.74 , p < 0.001, d = 1.88, indicating some hyster-
esis. Ascending and descending series were weakly and
nonsignificantly correlated, r = —0.10, #(19) = —0.46, p
= 0.65. The presented results of the threshold of direct
gaze seem to agree with other results using the method
of adjustment.

Comparison between tasks

Thresholds measured with the method of adjustment were
again larger than when measured with the method of constant
stimuli (4.7° > 3.5°), 1(19) = —6.32, p < .001, d = —0.81. The
correlation of the individual thresholds between the two tasks
was high, r = 0.83, #(18) = 6.34, p < .001(see Fig. 9).

General discussion

The aim of this study was to compare and relate the results
from different experimental tasks that measure gaze. In par-
ticular, we compared the results from the method of adjust-
ment (an adaptation of the method used by Gamer & Hecht,
2007, and others) and from the method of constant stimuli
(an adaptation of the method used by Gibson & Pick, 1963,
and others), which both are assumed to measure the cone of
gaze. In addition, we were interested in relating the results
from a triadic task (first introduced by Anstis et al., 1969)

17.51
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25 5.0 7.5 10.0 12.5 15.0
Threshold method of constant stimuli

Fig.9 Correlation between method of constant stimuli and method of
adjustment of Experiment 2. Dots indicate thresholds of the measures
in degree; the line indicates correlation between measures
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that measures the perception of gaze direction independently
from the question of direct gaze (the perception of being
looked at) with the two measures of gaze cone.

With regard to the first aim, we find that the method of
adjustment yielded larger thresholds of direct gaze than the
method of constant stimuli. This supports the impression
derived from the literature. Importantly, however, compari-
sons between studies in the literature are risky because
these studies vary on variables that plausibly influence the
measure, in particular the looker identities and the used
distances. Moreover, Lobmaier et al. (2021) found that
there are considerable differences between observers in
measures of gaze cone, and, given that the observer sam-
ples are often not particularly large, it is possible that com-
parisons between studies fall prey of sample effects. The
present study eliminates these ambiguities by measuring
the gaze cone with the two approaches in the same setting
with the same looker, and same observers.

As the task introduced by Gamer and Hecht (2007) uses the
method of adjustment and the task introduced by Gibson and
Pick (1963), the method of constant stimuli, one is tempted to
attribute the differences between these two types of methods. It
is common wisdom that when in doubt, the method of constant
stimuli is to be preferred, as this method is considered least sus-
ceptible to effects of bias and expectation. We have used differ-
ent starting points (i.e., ascending and descending series) for the
method of adjustment to eliminate symmetric biases (such as
hysteresis as caused by conservative vs. lenient response criteria)
and thus consider the point of symmetric bias not relevant here.
However, it is certainly possible that asymmetrical biases play a
role, for example, that the perception of being looked at is more
persistent and more difficult to disregard than the perception of
not being looked at, and that the perception of being looked at
does not change easily. This is consistent with the difference and
small correlation between our ascending and descending series:
Adjusting the eyes to the point where the model is no longer
looking at the observer revealed higher thresholds than adjusting
to the point where the model starts to look at the observer. An
asymmetrical bias may thus be a plausible explanation for the
gaze cone being 20-40% larger with the method of adjustment
than with the method of constant stimuli.

Moreover, one might argue that the method of constant
stimuli uses direct gaze as the reference category (Say “yes”
when you are being looked at), which is only the case in the
ascending task (Stop when you are just being looked at), but
not in the descending task, which uses not being looked at as
the reference (Stop when you are no longer looked at). This
would imply that only the ascending series from the method
of adjustment are comparable with the method of constant
stimuli. It would be another argument for the point that the
results depend on the exact task and context.

What does this difference imply? If two measurement
methods are parallel or alternate forms of each other, they
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should have similar psychometric properties (e.g., means,
standard deviations; Murphy & Davidshofer, 1988). The
difference in averaged gaze cone size implies that these two
tasks are not exactly parallel but partly measure different
things. One might note that previous examinations found
similar results with other types of judgment (Chen et al.,
2019; Morgan et al., 1974), indicating that this is not a par-
ticular problem of gaze perception.

A second set of results concerns the correlations between
the measures. In Experiment 1, not only did the means from
the two tasks not match, but they also did not correlate
strongly with each other. In contrast, Experiment 2 found a
large correlation between the two tasks. According to Fine
(1992) a high correlation between alternative measures of
the same construct is a necessary condition for the methods
measuring the same construct. Recall that a high correlation
of course does not require identical thresholds obtained with
the two tasks: All that is required for a high correlation is that
the order of the thresholds within the two tasks is the same.

A primary reason for low correlations in Experiment 1 is
unreliable measurement. The lack of reliability attenuates a
possible correlation as the correlation between two measures
cannot exceed the square root of the product of their reliabili-
ties (Crocker & Algina, 1986; Onwuegbuzie et al., 2005). In
order to deal with the three measurements in a single session,
we kept the tasks short, and possibly this led to more variabil-
ity in the measurement than expected. Noise in the stimulus
may also contribute to variability in the measurement, as our
live looker may have had some uncontrolled variation in his
gazing behaviour. For example, a real person may move or
change their expression or slightly turn their face up or down
providing additional visual cues that are not present in a static
computer-generated face that is always perfectly still. This
additional noise may have reduced reliability.

Second, this might affect the method of adjustment more
than the method of constant stimuli when using a live looker in
contrast to a computer avatar. In the method of adjustment, the
live looker has to follow the dot on the screen. The position of
dot is freely adjusted by the observer, and therefore not only the
position of the dot changes unpredictably but also the velocity
of the position change is determined by the observer (how fast
the observer scrolls with the mouse wheel). In contrast, in the
method of constant stimuli, the dot is static. It is reasonable to
assume that the difference in the difficulty of the task affects
the looker’s accuracy of fixating and introduces much more
uncertainty and variability in the method of adjustment, which
causes additional noise in the live looker condition. When using
a computer avatar, we have a much more controlled stimulus,
and therefore reduced noise in the answers.

A third point of discussion is the triadic measurement of
gaze perception accuracy in Experiment 1. Consistent with
the literature, we found that gaze direction is overestimated. In
contrast to previous studies (Ando, 2002; Anstis et al., 1969;

West, 2010, 2011), the relation between actual and perceived
gaze showed a nonlinear pattern of estimation accuracy. As
in some previous studies that did not use linear fittings (see
Gonzalez-Franco & Chou, 2014; Masame, 1990), we also
found not only an overestimation bias but also an underesti-
mation bias, depending on the fitted range of gaze directions.

On average, the estimation bias of the triadic measurement
method was smallest near zero. It may be that the first gaze
direction (0.9°), and maybe the second gaze direction as well
(2.2°), were difficult to discriminate from the zero-degree gaze
direction for the observers. The overall accuracy threshold of
gaze direction deviation seems to be between 1.3° and 2.8°
described as the amount of shift that this represents at the target
(see Gibson & Pick, 1963; Symons et al., 2004). Therefore, a
shift of the target of only 0.9° or even 2.2° could be too small to
be perceived. In contrast, Symons and colleagues (2004) have
shown a remarkable precise perception of target shift for a tar-
get located between the observer and the looker. In their study,
visual acuity for gaze directions of 0° and 0.87° was between
0.3° and 0.5°, indicating that a gaze direction of 0.87° should be
distinguishable from 0° gaze direction. Nevertheless, naturally
occurring differences in visual acuity between observers may
be a reason for an underestimation of the first and partly second
regression section and could therefore have caused the sigmoid
shape. This indicates that the linear fitting may be inaccurate for
values nearby 0° but may be precise and fitting for gaze direc-
tions higher than the individual visual acuity.

Another possible explanation is the so-called social-interac-
tion bias firstly introduced by Masame (1990). He claims that
gaze directions near the observer’ face tend to be perceived as
being egocentric and, therefore, perceived as being directed
to the face of the observer's. Following Masame, the percep-
tion of being looked at influences the judgements of the gaze
direction in the near face area. Although the observer’s task is
to estimate the crossing of the gaze vector with the meterstick
in front of him, Masame postulates that nevertheless, the posi-
tion of the observer right behind the scale influences the triadic
gaze perception. Both approaches may explain the significant
difference between the first section slope and the other sections
of the piece-wise linear regression, while the slopes of the
other sections (second to fourth) are similar.

Furthermore, we asked whether the perception of gaze direc-
tion from the triadic task is linked to the perception of direct gaze
from the dyadic tasks within an observer. Unfortunately, the non-
linear properties of the overestimation factor make a meaning-
ful interpretation of the correlation between threshold size and
overestimation bias nearly impossible. The variable overestima-
tion gains in the nonlinear data result in larger slopes for more
extreme rotated gaze directions. In case of our four-piece linear
regression, we have small slopes for the first section indicating
even an underestimation and a gain of overestimation for the
second, third, and fourth section with the fourth section reaching
the largest overestimation. Now we would like to know whether
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the individual threshold of direct gaze is linked to the individual
overestimation. This could be analyzed by choosing the slope of
the section of the four-piece linear regression, in which the thresh-
old of direct gaze is localized, and correlate it with the threshold
of direct gaze. For example, if an observer had a threshold of
direct gaze of 3°, we would use the individual slope of his third
section regression because it models the data between 2.2° and
5.4°; another observer could have a threshold of 6°, and we would
use the individual slope of their fourth section regression. There-
fore, the threshold of direct gaze directly influences the chosen
section of the regression. When keeping in mind that the slopes
vary systematically, with the different sections of the regression
with slopes being larger for the later sections (as they reflect more
extreme gaze directions), there is a clear confounding between
regression section selection and possible systematic correlation
between threshold sizes and overestimation sizes. Positive cor-
relations between the threshold of direct gaze and the classical
overestimation bias could therefore just arise due to the variable
overestimation gain within observers rather than reflecting a link
between direct gaze and gaze direction perception.

Nevertheless, we were able to correct the thresholds of
Experiment 1 by determining the over- or underestimation
by using the full regression equation of the section that cor-
responds to a given threshold for a given person. For most
participants, there were overestimations of gaze direction at
the thresholds of direct gaze, and thus the corrected threshold
sizes were higher than the uncorrected ones. Nevertheless,
in some cases, where the threshold of direct gaze was quite
small, the threshold got smaller due to the correction. It is
somewhat counterintuitive that a small cone should get even
smaller with correction, while a large cone gets wider with cor-
rection. Therefore, it might be questioned whether the results
of the triadic measurement method (a measurement of gaze
direction) can be applied to a specific value as the threshold of
a dyadic measure (a measurement of direct gaze).

Appendix 1

How gaze direction and direct gaze are perceived is a cur-
rent topic of debate. Some approaches suggest that gaze direc-
tion is perceptually derived from the luminance distribution
of the eyes. According to this explanation, a direct gaze here
would be perceived when the pupil-iris complex and the sclera
on the left and right side are arranged symmetrically (Ando &
Osaka, 1998). Whenever arrangement is not symmetrical, the
gaze will be perceived as averted. Therefore, it is possible that
a perception of gaze direction is not necessary for the percep-
tion of direct gaze, and that direct gaze is perceived directly
based on the stimulus configuration (and not on perceived
gaze direction). On the other hand, the geometrical approach
(Palmer et al., 2020; Todorovié, 2006) would suggest a quite
different sequence of events. The geometrical approach pro-
poses that gaze direction is determined by the perceived rota-
tion of the eyeball. Because the real rotation of the eyeball
is not available for the observer, the pupil eccentricity in the
visible eyeball is used as a cue for the real rotation. If the rota-
tion estimation (so, in fact, the perceived gaze direction) agrees
with the observers criterium of direct gaze, the gaze will be
judged as being direct. The luminance distribution account and
the geometric account imply different answers to the question
whether a triadic estimation bias can be applied to a dyadic
task. In conclusion, we cannot give a certain answer about the
relation between gaze direction and direct gaze.

In summary, both experiments indicate a stable differ-
ence in mean thresholds of direct gaze when measured with
the method of constant stimuli and the method of adjust-
ment. This difference has been demonstrated with a real-live
looker as well as with a computer avatar. Thresholds are
somewhat smaller with the method of constant stimuli than
with the method of adjustment. This difference may be due
to the prominence of the direct gaze category relative to the
averted gaze category.

Table 1 Overview of the size of the area of direct gaze by measuring method

Author Method Distance in cm Size of the area
of direct gaze in
degree

Gibson and Pick, 1963 Method of constant stimuli 200 6

Lobmaier et al., 2021 Method of constant stimuli 60 5

Balsdon and Clifford, 2018 Method of constant stimuli 57 9

Gamer and Hecht, 2007 Method of adjustment 100, 500 8-9

Gamer et al., 2011 Method of adjustment 100 11

Harbort et al., 2013 Method of adjustment 100 14

Horstmann and Linke, 2021

Method of adjustment (modified)

160, 220, 300, 420, 575,790 5

@ Springer



Attention, Perception, & Psychophysics

Acknowledgements Pamela Piccinni and Philip Salomon contributed
to the development and conduction of Experiment 1. Nina Brinkmeier,
Leonie Budde, and Annika Wagemann contributed to the conduction
of Experiment 2. The experiments reported in this article were not
formally preregistered. Neither the data, nor the materials have been
made available on a permanent third-party archive; requests for the
data or materials can be sent via email to linda.linke @uni-bielefeld.
de. The research was supported by DFG grant HO 3248/4-1 to Gernot
Horstmann.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ando, S. (2002). Luminance-induced shift in the apparent direction of
gaze. Perception, 31(6), 657-674. https://doi.org/10.1068/p3332

Ando, S., & Osaka, N. (1998). Bloodshot illusion: Luminance affects
perceived gaze direction. Investigative Ophthalmology and Vis-
ual Science, 39(4), 172.

Anstis, S. M., Mayhew, J. W., & Morley, T. (1969). The perception
of where a face or television ‘portrait’ is looking. The Ameri-
can Journal of Psychology, 82(4), 474. https://doi.org/10.2307/
1420441

Balsdon, T., & Clifford, C. W. G. (2018). How wide is the cone of
direct gaze? Royal Society Open Science, 5(8), 180249. https://
doi.org/10.1098/rs0s.180249

Chen, W., Ladeveze, N., Hu, W., Ou, S., & Bourdot, P. (2019).
Comparison between the methods of adjustment and constant
stimuli for the estimation of redirection detection thresholds.
In P. Bourdot, V. Interrante, N. Nedel, N. Magnenat-Thalmann,
& G. Zachmann (Eds.), Virtual reality and augmented reality:
Proceedings of the 16th EuroVR International Conference (pp.
226-245). UK: Springer.

Crocker, L., & Algina, J. (1986). Introduction to classical and mod-
ern test theory. Holt Rinehart & Winston.

Fine, M. A. (1992). On the distinction between two tests as meas-
ures of the same construct and as interchangeable. American
Psychologist, 47(9), 1146. https://doi.org/10.1037/0003-066X.
47.9.1146.a

Fitzpatrick, P., Carello, C., Schmidt, R. C., & Corey, D. (1994). Haptic
and visual perception of an affordance for upright posture. Eco-
logical Psychology, 6(4), 265-287. https://doi.org/10.1207/s1532
6969eco0604_2

Gamer, M., & Hecht, H. (2007). Are you looking at me? Measuring
the cone of gaze. Journal of Experimental Psychology: Human
Perception and Performance, 33(3), 705-715. https://doi.org/10.
1037/0096-1523.33.3.705

Gamer, M., Hecht, H., Seipp, N., & Hiller, W. (2011). Who is look-
ing at me? The cone of gaze widens in social phobia. Cognition

& Emotion, 25(4), 756-764. https://doi.org/10.1080/02699931.
2010.503117

Gharaee, H., Abrishami, M., Shafiee, M., & Ehsaei, A. (2014). White-
to-white corneal diameter: Normal values in healthy Iranian
population obtained with the Orbscan II. International Journal
of Ophthalmology, 7(2), 309-312. https://doi.org/10.3980/j.issn.
2222-3959.2014.02.20

Gibson, J. J., & Pick, A. D. (1963). Perception of another person’s
looking behavior. The American Journal of Psychology, 76(3),
386-394. https://doi.org/10.2307/1419779

Gonzalez-Franco, M., & Chou, P. A. (2014). Nonlinear modeling of
eye gaze perception as a function of gaze and head direction.
Proceedings of the Sixth International Workshop on Quality of
Multimedia Experience (QoMEX) (pp. 275-280). IEEE. https://
doi.org/10.1109/QoMEX.2014.6982331

Hajnal, A., Olavarria, C. X., Surber, T., Clark, J. D., & Doyon, J. K.
(2020). Comparison of two psychophysical methods across visual
and haptic perception of stand-on-ability. Psychological Research,
84(3), 602-610. https://doi.org/10.1007/s00426-018-1076-6

Harbort, J., Witthoft, M., Spiegel, J., Nick, K., & Hecht, H. (2013). The
widening of the gaze cone in patients with social anxiety disorder
and its normalization after CBT. Behaviour Research and Ther-
apy, 51(7), 359-367. https://doi.org/10.1016/j.brat.2013.03.009

Horstmann, G., & Linke, L. (2021). Examining gaze cone shape and
size. Perception, 50(12), 1056-1065. https://doi.org/10.1177/
03010066211059930

Horstmann, G., & Linke, L. (2022). Perception of direct gaze in a
video-conference setting: The effects of position and size. Cogni-
tive Research: Principles and Implications, 7(1), 67. https://doi.
org/10.1186/s41235-022-00418-1

Leek, M. R. (2001). Adaptive procedures in psychophysical research.
Perception & Psychophysics, 63(8), 1279—1292. https://doi.org/
10.3758/BF03194543

Lehnen, N., Biittner, U., & Glasauer, S. (2008). Head movement control
during head-free gaze shifts. Progress in Brain Research, 171,
331-334. https://doi.org/10.1016/S0079-6123(08)00648-1

Lineares, D., & Lopez-Moliner, J. (2016). quickpsy: An R package to
fit psychometric functions for multiple groups. The R Journal, 8,
122-131. http://hdl.handle.net/2445/116040

Linke, L., & Horstmann, G. (2024). Differences in the perception of
direct gaze between the externally and internally rotated eye.
Perception, 53(2), 93-109. https://doi.org/10.1177/0301006623
1212156

Lobmaier, J. S., Savic, B., Baumgartner, T., & Knoch, D. (2021). The
cone of direct gaze: A stable trait. Frontiers in Psychology, 12,
682395. https://doi.org/10.3389/fpsyg.2021.682395

Lyyra, P, Wirth, J. H., & Hietanen, J. K. (2017). Are you looking my
way? Ostracism widens the cone of gaze. Quarterly Journal of
Experimental Psychology, 70(8), 1713—1721. https://doi.org/10.
1080/17470218.2016.1204327

Malek, E. A., & Wagman, J. B. (2008). Kinetic potential influences vis-
ual and remote haptic perception of affordances for standing on an
inclined surface. Quarterly Journal of Experimental Psychology,
61(12), 1813-1826. https://doi.org/10.1080/17470210701712978

Mareschal, 1., Calder, A. J., Dadds, M. R., & Clifford, C. W. G. (2013).
Gaze categorization under uncertainty: Psychophysics and mod-
eling. Journal of Vision, 13(5), 18. https://doi.org/10.1167/13.5.18

Masame, K. (1990). Perception of where a person is looking: Overes-
timation and underestimation of gaze direction. Tohoku Psycho-
logica Folia, 49, 33—41.

Morgan, D. E., Wilson, R. H., & Dirks, D. D. (1974). Loudness dis-
comfort level: Selected methods and stimuli. The Journal of the
Acoustical Society of America, 56(2), 577-581. https://doi.org/
10.1121/1.1903293

Miiller, V. 1., Hohner, Y., & Eickhoff, S. B. (2018). Influence of task
instructions and stimuli on the neural network of face processing:

@ Springer


https://doi.org/10.1080/02699931.2010.503117
https://doi.org/10.1080/02699931.2010.503117
https://doi.org/10.3980/j.issn.2222-3959.2014.02.20
https://doi.org/10.3980/j.issn.2222-3959.2014.02.20
https://doi.org/10.2307/1419779
https://doi.org/10.1109/QoMEX.2014.6982331
https://doi.org/10.1109/QoMEX.2014.6982331
https://doi.org/10.1007/s00426-018-1076-6
https://doi.org/10.1016/j.brat.2013.03.009
https://doi.org/10.1177/03010066211059930
https://doi.org/10.1177/03010066211059930
https://doi.org/10.1186/s41235-022-00418-1
https://doi.org/10.1186/s41235-022-00418-1
https://doi.org/10.3758/BF03194543
https://doi.org/10.3758/BF03194543
https://doi.org/10.1016/S0079-6123(08)00648-1
http://hdl.handle.net/2445/116040
https://doi.org/10.1177/03010066231212156
https://doi.org/10.1177/03010066231212156
https://doi.org/10.3389/fpsyg.2021.682395
https://doi.org/10.1080/17470218.2016.1204327
https://doi.org/10.1080/17470218.2016.1204327
https://doi.org/10.1080/17470210701712978
https://doi.org/10.1167/13.5.18
https://doi.org/10.1121/1.1903293
https://doi.org/10.1121/1.1903293
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1068/p3332
https://doi.org/10.2307/1420441
https://doi.org/10.2307/1420441
https://doi.org/10.1098/rsos.180249
https://doi.org/10.1098/rsos.180249
https://doi.org/10.1037/0003-066X.47.9.1146.a
https://doi.org/10.1037/0003-066X.47.9.1146.a
https://doi.org/10.1207/s15326969eco0604_2
https://doi.org/10.1207/s15326969eco0604_2
https://doi.org/10.1037/0096-1523.33.3.705
https://doi.org/10.1037/0096-1523.33.3.705

Attention, Perception, & Psychophysics

An ALE meta-analysis. Cortex, 103, 240-255. https://doi.org/10.
1016/j.cortex.2018.03.011

Murphy, K. R., & Davidshofer, C. O. (1988). Psychology testing: Prin-
ciples and applications. Prentice Hall.

Onwuegbuzie, A. J., Roberts, J. K., & Daniel, L. G. (2005). A proposed
new “What if reliability” analysis for assessing the statistical sig-
nificance of bivariate relationships. Measurement and Evaluation
in Counseling and Development, 37(4), 228-239. https://doi.org/
10.1080/07481756.2005.11909763

Palmer, C. J., Otsuka, Y., & Clifford, C. W. G. (2020). A sparkle in the
eye: Illumination cues and lightness constancy in the perception
of eye contact. Cognition, 205, 104419. https://doi.org/10.1016/j.
cognition.2020

Peirce, J. W. (2008). Generating stimuli for neuroscience using Psy-
choPy. Frontiers in Neuroinformatics, 2, 10. https://doi.org/10.
3389/neuro.11.010.2008

Richardson, M. J., Marsh, K. L., & Baron, R. M. (2007). Judging and
actualizing intrapersonal and interpersonal affordances. Journal of
Experimental Psychology: Human Perception and Performance,
33(4), 845-859. https://doi.org/10.1037/0096-1523.33.4.845

Ritz, C., Baty, F., Streibig, J. C., & Gerhard, D. (2015). Dose-response
analysis using R. PLOS ONE, 10(12), e0146021.

Sanchis-Gimeno, J. A., Sanchez-Zuriaga, D., & Martinez-Soriano, F.
(2012). White-to-white corneal diameter, pupil diameter, cen-
tral corneal thickness and thinnest corneal thickness values of

@ Springer

emmetropic subjects. Surgical and Radiologic Anatomy, 34(2),
167-170. https://doi.org/10.1007/s00276-011-0889-4

Symons, L. A., Lee, K., Cedrone, C. C., & Nishimura, M. (2004). What
are you looking at? Acuity for triadic eye gaze. The Journal of
General Psychology, 131(4), 451-4609.

Todorovi¢, D. (2006). Geometrical basis of perception of gaze direc-
tion. Vision Research, 46(21), 3549-3562. https://doi.org/10.
1016/j.visres.2006.04.011

van der Kamp, J., Savelsbergh, G. J. P., & Davis, W. E. (1998). Body-
scaled ratio as a control parameter for prehension in 5- to 9-year-
old children. Developmental Psychobiology, 33(4), 351-361.
https://doi.org/10.1002/(SICI)1098-2302(199812)33:4%3c351::
AID-DEV6%3e3.0.CO;2-P

West, R. W. (2010). Differences in the perception of monocular and
binocular gaze. Optometry and Vision Science, 87(2), 112-119.
https://doi.org/10.1097/OPX.0b013e3181ca345b

West, R. W. (2011). Perceived direction of gaze from eyes with dark
vs. light irises. Optometry and Vision Science, 88(2), 303-311.
https://doi.org/10.1097/OPX.0b013e3182059¢f3

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/j.cortex.2018.03.011
https://doi.org/10.1016/j.cortex.2018.03.011
https://doi.org/10.1080/07481756.2005.11909763
https://doi.org/10.1080/07481756.2005.11909763
https://doi.org/10.1016/j.cognition.2020
https://doi.org/10.1016/j.cognition.2020
https://doi.org/10.3389/neuro.11.010.2008
https://doi.org/10.3389/neuro.11.010.2008
https://doi.org/10.1037/0096-1523.33.4.845
https://doi.org/10.1007/s00276-011-0889-4
https://doi.org/10.1016/j.visres.2006.04.011
https://doi.org/10.1016/j.visres.2006.04.011
https://doi.org/10.1002/(SICI)1098-2302(199812)33:4%3c351::AID-DEV6%3e3.0.CO;2-P
https://doi.org/10.1002/(SICI)1098-2302(199812)33:4%3c351::AID-DEV6%3e3.0.CO;2-P
https://doi.org/10.1097/OPX.0b013e3181ca345b
https://doi.org/10.1097/OPX.0b013e3182059ef3

	New task–new results? How the gaze cone is influenced by the method of measurement
	Abstract
	Introduction
	Experiment 1
	Participants
	Task 1: Method of constant stimuli
	Method
	Apparatus and stimuli
	Design and procedure

	Results and discussion
	Task 2: Method of adjustment
	Method
	Apparatus, stimuli, and design

	Results and discussion
	Task 3: Triadic task
	Method
	Apparatus, stimuli, and design

	Results and discussion
	Linear fit
	Nonlinear fit


	Comparison between measures
	Discussion
	Experiment 2
	Participants
	Task 1: Method of constant stimuli
	Method
	Apparatus and stimuli
	Design and procedure

	Results and discussion
	Task 2: The method of adjustment
	Method
	Apparatus and stimuli
	Design and procedure

	Results and discussion

	Comparison between tasks
	General discussion
	Appendix 1
	Acknowledgements 
	References


