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triangles with compatible than incompatible movement. These results can be
explained by stimulus-response compatibility, which means that responses to
stimuli are faster and more accurate when the properties of the stimulus and
response are compatible than when they are not. The results help improve
human-object interactions in different contexts like car driving, user interfaces,
or virtual reality.
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1. Introduction

Inverted triangles (w) are easily noticeable shapes and therefore, often used in traffic signs. As the word “inverted”
suggests, its shape is perceived as unstable since gravity would make it fall (Barnett-Cowan et al., 2011; Cholewiak et al.,
2013; Firestone & Keil, 2016; Lupo & Barnett-Cowan, 2015). In contrast, noninverted triangles (A) are perceived as
stable, and there is evidence that the perceived stability or instability influences visual search efficiency (Yang & Wolfe,
2020). However, the perception of stability/instability may vary when it is moving. For example, a moving inverted
triangle might not be perceived as unstable at all since it does not seem at a tipping point when moving. Furthermore, the
movement direction might interact with inherent features of shapes like pointing direction to influence its perception and
responses toward such stimuli (Hafri & Firestone, 2021). In this study, we used noninverted isosceles triangles (A) and
inverted isosceles triangles moving upwards and downwards. Importantly, while equilateral triangles have no inherent,
unambiguous pointing direction (Attneave, 1968; Palmer, 1980), isosceles triangles are likely perceived as pointing
upward (A ) or downward ('¥) with regard to the direction of gravity (Clément & Bukley, 2008; Hulleman & Humphreys,
2004). Thus, the moving direction can either be compatible with the pointing direction (e.g., an inverted triangle [ V¥ ]
moving downward) or incompatible (e.g., an inverted triangle [ ¥ ] moving upwards).

Since triangles with compatible movements appear stable and moving in their natural direction, such objects might be
preferred by humans and processed faster. To test this hypothesis, we conducted three experiments. In Experiment 1,
participants should click on noninverted and inverted triangles moving upwards or downwards. If participants prefer
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triangles with compatible movement, they should click on more compatible than incompatible triangles within a certain
time. Additionally, we instructed participants to click only on inverted or noninverted triangles moving up- or downwards
to test if triangles with compatible movement can be found and clicked on faster than incompatibly moving triangles
(Experiments 2 and 3). Such results would support the hypothesis that stimuli with compatible pointing and moving
directions can be processed faster than other stimuli. The reason for such a compatibility or congruency effect might be
the improved attentional capture or a stimulus-response (S-R) compatibility (Simon and Wolf, 1963; Richez et al., 2016;
Haddad et al., 2024; Shi et al., 2023) effect due to the matching of pointing direction and response direction, when the
mouse cursor follows the target. The results of this study help improve human-object interactions in different contexts like
car driving, user interfaces, or virtual reality.

The used stimuli are basic shapes often used in psychological research to avoid possible confounding factors that
often occur with more complex stimuli (e.g., differences in contrasts, different meanings between participants). The
isosceles triangles are chosen as they have an inherent pointing direction (in contrast to equilateral triangles) so that the
relationship between pointing direction and movement can be investigated. Additionally, we used isosceles triangle
because equilateral triangles do not have an inherent pointing direction.

2. Experiment 1

In the first experiment, we investigated how the compatibility between pointing and movement direction influenced
performance when participants had to search for and click on the moving triangles. If this compatibility facilitates
perception, we expect better performance in compatible trials compared to incompatible ones.

2.1 Methods
2.1.1 Participants

Thirteen participants (3 men, 10 women) took part in the experiment. All the respondents were junior and senior
students of Kansai University and the age range is 20 to 22 years. They did not receive any reward.
2.1.2 Apparatus

The experiment was conducted in a dimly lit room on a notebook with a screen size of 17 cm (Height) x 26 cm (Width),
see Figure 1. The viewing distance to the screen was approximately 45 cm, as mentioned in the caption. The window size
was determined based on the ease of response of the respondents. If the screen is too large, it is difficult for respondents
to click on the randomly appearing and moving triangles. The whole experiment lasted about 10 min.

Display size: 17 cm (H) x 26 cm (W)

Figure 1: Arrangement of the experimental equipment and participant. The screen's tilt is controlled to face the
participant’s eyes and keep the distance approximately 45 cm.
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2.1.3 Design and procedure

Ten noninverted triangles (A ) and ten inverted triangles (¥ ) moved simultaneously from top to bottom or bottom to top.
The participants were instructed to click with the mouse cursor on as many triangles as possible (regardless of pointing
direction) after the triangles crossed a red line and before the triangles disappeared at the edge of the window. Figure 2
shows the case where the triangles moved from top to bottom. The red line is shifted toward the bottom of the window
to increase the difficulty of the task. After the participants clicked on a triangle that crossed the red line, the triangles
disappeared (see Figure 2 (b)). The experiment started with the triangles moving downwards, followed by a second trial,
where the triangles moved upwards (see Figure 3). All the experiments started with always with the downward movement
since participants might be more familiar with this movement direction from video games (e.g., Tetris). The respondents
did not receive a practical session. Video games where the player captures falling objects are well known, and playing the
tasks in Experiments 1 to 3 is not difficult because the speed of moving is not so fast.
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Figure 2: Procedure in Experiment 1 in the case where the triangles are moving downward. Only clicks below the
red line were effective. (a) Before clicking. (b) The successfully clicked object disappeared (indicated by a dashed
triangle), and the number of successful clicks was accumulated.
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Figure 3: Procedure in Experiment 1 in the case where the triangles are moving upward.
The successfully clicked object above the red line disappeared, and the number of successful
clicks was accumulated.
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2.1.4 Stimuli

The moving triangles were displayed in a separate window with an area of 4 cm (Height) x 6 cm (Width). The length of
both slant edges of the isosceles triangles was 0.4 cm. The triangle was inscribed within a square whose edge is common
with triangles’ bottom or top edge, respectively. A click was recorded as successful if it occurred within the area of the
circumscribing square. That is, it was not necessary to click exactly on the visible area of the triangle to produce a successful
click. Thus, the clickable area was always the same when a triangle crossed the red line or started disappearing at the edge
of the window independent of the triangles’ orientation and movement direction. The triangles moved at 2 mm/sec.
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2.1.5 Data analysis

We calculated an evaluation score for each participant per movement direction (upwards and downwards) by subtracting
the number of successful clicks on inverted triangles () from the number of successful clicks on noninverted triangles (A ).
Therefore, a positive score indicates more successful clicks on noninverted triangles compared to inverted ones and vice
versa for negative scores (more successful clicks on inverted triangles than noninverted ones). For comparison between
groups, we used one-sample ¢ tests to analyze whether the difference between groups is different from zero.

2.2 Results

When the triangles moved from top to bottom, the average evaluation score among the participants was —1.23; 95% CI
[0, —0.32], SD = 1.83. This is a standardized effect d =—0.63 [-1.27, —0.06]' . We conducted a one-side paired ¢ test
under the null hypothesis, “the score higher than zero,” and the alternative hypothesis, “the score is smaller than zero.”
The obtained #(12)=-2.42, p=.016, and the alternative hypothesis was accepted at the significance level of 5%.
Consequently, the inverted triangles () were significantly easier to click on than the noninverted triangles (A ) when the
triangles moved downwards. The opposite results occurred when the objects moved from bottom to top (upwards): The
average evaluation score was +1.54 [0.44, «0], SD =2.22, d = 0.95[0.07, 1.29]. The null hypothesis is set to “the score is
smaller than zero” and the alternative hypothesis to “the score is larger than zero,” and the obtained #12) = 2.5, p = .014,
and the alternative hypothesis was accepted at the significance level of 5%. It indicates that the noninverted triangles (A)
were significantly easier to click on than the inverted triangles (V).

2.3 Discussion

In Experiment 1, participants had to click on as many moving triangles as possible, regardless of the triangles’ pointing
direction. The results showed that triangles moving in the same direction as their pointing direction (triangles with
compatible movement) were clicked more often than those moving against their pointing direction (triangles with
incompatible movement). Since participants were instructed to click on all triangles, this result could indicate that
participants could perceive and respond better to the compatible triangles. However, it is also possible that participants
preferentially searched for and clicked on the compatible triangles. Thus, in Experiment 2, participants had to click only
on inverted or noninverted triangles.

3. Experiment 2

As in Experiment 1, ten noninverted triangles (A) and ten inverted triangles (¥) moved downward or upward.
However, this time participants were instructed to click only on one type of triangle, either inverted or noninverted. Each
participant completed two trials for each movement direction of the triangles. First, they had to click on the noninverted
triangles (A), and then, in the second trial, on the inverted triangles ().

3.1 Methods

The same participants of Experiment 1 were tested under the same conditions. Experiment 2 was performed consecutively
after Experiment 1. A learning effect may occur, however, the condition is the same for all the participants. The design and
procedure were the same as in Experiment 1; however, the moving speed was increased to 3 mm/sec. It was faster than that
of Experiment 1 because the number of objects to be clicked was reduced to half of those in Experiment 1. With the same
speed as in Experiment 1, all ten triangles could be easily clicked in each trial.

3.2 Results

The evaluation score was calculated as in Experiment 1 (number of successful clicks on noninverted triangles (A) at
the first trial minus the number of successful clicks on inverted triangles (¥ ) at the second trial) for each moving direction.
The average score among the participants was —1.69 [—o0, —1.07], SD = 1.25, d =—1.27 [-2.10, —0.58] when the objects
moved downward and +0.92 [0.50, o], SD = 0.86, d = 1.00 [0.37, 1.75] when the objects moved upward. We conducted
the same ¢ tests as for Experiment 1 and the results were similar. When the target triangles moved upwards, the evaluation
score was significantly above zero, #(12) = 3.86, p = .001. However, when they moved downward, the score was signifi-
cantly below zero, #(12) = —4.88, p<.001 .
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3.3 Discussion

In Experiment 2, we replicated the results of Experiment 1: Triangles with compatible movement directions were
significantly easier to click on compared to triangles with incompatible movement directions. However, this time we can
exclude that the results occurred due to preferred search strategies instead of facilitated processing of compatible stimuli.
To further investigate whether triangles with compatible movements are processed better, we conducted a third experi-
ment where participants searched for a triangle among different basic shapes.

Figure 4 shows the performance of each participant in Experiments 1 and 2. It illustrates the number of target hits by
each participant for noninverted triangles (A ) and inverted triangles (¥ ) in the cases of moving downward and upward.
It visually shows that the performance tends to be higher in the case that the pointing and moving directions are identical.
Figure 5 visualizes the statistical analyses in Experiments 1 and 2. It shows the distributions and 95% Cls of the evaluation
scores. In all the cases, zero is not within the CIs. It indicates that the null hypotheses in the discussion for Experiments 1
and 2 are rejected even in the two-sided ¢ tests.

Performance in Experiment 1 and 2
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Figure 4: The performances of each participant in Experiments 1 and 2

Both experiments showed that participants could click on more triangles when the triangles moved in the same direction
as their pointing direction. This performance advantage might be due to the automatic capture of visual attention by
shapes with compatible movements. To test a potential capture of attention, we conducted Experiment 3.
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Results in Experiment 1 and 2

Experiment 1 Experiment 2

Evaluation Score

¥ L}
down up down up
Movement Direction

Figure 5: The visualization of the statistical analyses in Experiments 1 and 2.
Positive values indicate a performance advantage for noninverted triangles (A ).
The error bars are 95% Cls.

4. Experiment 3

In Experiment 3, the target triangle was presented within a horizontal arrangement of five additional distractor shapes.
The participants had to find and click on the target triangle as fast as possible. If triangles with compatible movements
facilitate attentional capture, such triangles should be found and clicked faster than incompatible moving triangles among
the distractors that move simultaneously with the triangle.

4.1 Methods

The participants and testing conditions were the same as in the previous experiments. Experiment 3 was performed
consecutively after Experiments 1 and 2.
4.1.1 Design and procedure

In Experiment 3, six basic shapes (isosceles triangles pointing up, down, left, and right, circle, and square) were arranged
in a row horizontally on a display area of 8 x 8 cm, as shown in Figure 6. The whole row moved downward or upward
while maintaining the horizontal arrangement. The row of shapes moved from top to bottom with a speed of 7 mm/sec,
and the participants had to click the noninverted triangle (A ) as soon as possible after the row of shapes appeared on the
screen. The trial was repeated five times by randomly changing the order of the shapes. After that, the participants had to
click on the inverted triangle (¥ ) in the same arrangement made of the same five shapes. Following these first ten trials,
where the row moves downward, the participants completed the same set of ten trials but with upward movement.

o - ®
1st:452
2nd:0
3rd:0
4th:0
5th:0

Y4l e

Figure 6: Procedure in Experiment 3. The shapes are
horizontally aligned and moving vertically simultane-
ously. The score is recorded for each of five trials.
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4.1.2 Data analysis

We measured performance as (10 times) the vertical distance in millimeters between the shape and the window edge
the shape is moving toward (bottom in case of downward movement, top in case of upward movement) at the time of
clicking the target shape. Thus, the bigger the number was, the earlier the target shape was clicked and the better the
performance was, as shown in Figure 7. If a triangle was not clicked before it reached the window edge, the perfor-
mance in this trial was recorded as zero. This happened in 17 (6.54%) of all trials, but never more than two times
within the five trials of one condition. As in the previous experiments, the evaluation score was then calculated as the
average score for noninverted triangles (A ) minus the average score of the inverted triangles (¥). Thus, positive scores
indicate better performance for clicking on the noninverted triangle (A ) compared to the inverted triangles (¥) and vice
versa for negative scores.

Performance in Experiment 3
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Figure 7: Visualization of the results in Experiments 3. Greater distance indicates better performance.
The error bars are comparison intervals that do not overlap if a difference is significant. The gray area shows
the distribution of the raw data, including the trials with zero distance (where no response was recorded).

4.2 Results

When the shapes moved downward, the average score was —101.108 [—o0,—53.92], SD =95.45, d =—0.99 [-1.73,-0.36],
indicating a performance advantage for the inverted triangle (¥ ). The 7 test similar to Experiments 1 and 2 was conducted,
and the alternative hypothesis, “the score is smaller than zero,” was accepted at £(12) = —3.82, p = .002. The average score
was +93.046 [53.77, ], SD=79.45, d=1.10 [0.44,1.87], when the objects moved upward. The similar test was
conducted, and the alternative hypothesis, “the score is larger than zero,” was accepted at #(12) = 4.22, p = .0006.

4.3 Discussion

In Experiment 3, participants searched for and had to click on an inverted or noninverted triangle that was presented
within a horizontal arrangement of six different shapes (one target shape and five distractor shapes). As in the previous
experiments, these results indicate that it is faster to respond when the pointing directions of the triangle and the movement
direction coincide. Furthermore, the results of Experiment 3 suggest that this compatibility effect facilitates the processing
among different target shapes.
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5. General Discussion

We conducted three experiments to investigate how the movement and pointing direction of isosceles triangles interact
with the performance of searching for and clicking on these shapes. The results consistently showed that performance was
better when the pointing and movement direction were the same (i.e., an inverted triangle [ v ] moving downward or a
noninverted triangle moving upward), compared to cases where these directions were incompatible. These results might
indicate that participants quickly derived the intrinsic pointing direction of isosceles triangles and this pointing direction
guided visual attention when compatible or incompatible with the shapes’ movement direction (Sigurdardottir et al.,
2014). Shapes with compatible intrinsic pointing direction and movement direction might automatically capture visual
attention, and thus, performance is increased for such targets.

However, there is another explanation based on a type of stimulus-response (S-R) compatibility (Simon and Wolf, 1963;
Richez et al., 2016). Stimulus-response compatibility is the effect that responses to stimuli are faster and more accurate
when the properties of the stimulus and response are compatible than when they are not (Richez et al., 2016; Simon &
Wolf, 1963). For example, when stimuli are presented on the left or right side and responses also correspond to either one
of those sides, responses are faster and more accurate if the necessary response to stimuli on the left side is also the
left-sided response (S-R compatible) than to the opposite-sided response (S-R incompatible), as illustrated in Figure 8.
This so-called Simon effect occurs not only in the visual but also in the auditory modality (Simon & Rudell, 1967), and
not only regarding spatial direction but also in time durations (Kunde & Stdcker, 2002). However, it seems that the
response has to have a spatial aspect since Ansorge & Wiihr (2004) found as Simon effect for a spatial choice-reaction task
but not for a go/no-go task.

2 Q2 2 Q2

9 9
(a) (b)
Figure 8: Illustration of stimulus-response compatibility. The participant should ring
the left or right bell when one of the lights turns on. (a) It is easier to respond when

both the stimulus (light) and response (bell) are on the same side. (b) The response is
slower than (a) when the stimulus and the bell are on different sides.

In our experiments, the stimulus has arguably an intrinsic pointing direction and a movement direction, but the
participants’ responses do not have any spatial-directional aspect. However, in order to catch the moving triangles with
the mouse cursor to click on them, the mouse cursor (and likely the eye movements and covert attention as well) might
follow the direction of the movement. Thus, there is a spatial-directional aspect in the required response that allows
for a compatibility effect with the moving shapes that might not occur during a go/no go task with static stimuli. Thus,
we cannot finally conclude whether the results we found are to due attentional capture by shapes moving in compatible
directions or due to S-R compatibility. Nevertheless, shape-direction compatible movement is a potential shape or
object feature that could guide visual attention (Griiner et al., 2021; Wolfe & Horowitz, 2004), and the influence of the
relation between stimuli and responses on performance is highly relevant in many real-world scenarios (e.g. driving a car)
and may be similar in applications of VR environments.

Additionally, our results provide insights into how users perceive and interact with moving objects. Improved
performance for congruently moving objects can be used as an objective measure of positive affective experience
regarding such objects. Better performance indicates facilitated processing, resulting in an easier task and positive
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internal and external feedback when interacting with congruently moving objects (e.g., Winkielman & Cacioppo, 2001).
Furthermore, such an objective measure provides an important complement to subjective methods like questionnaires
and interviews to measure Kansei (Schiitte et al., 2024). The interaction between users and objects is a central part of
affective engineering in analog (e.g., Kittidecha et al., 2016) and digital products (e.g., Furumoto & Zhang, 2023).

The participants are the same throughout the Experiments 1-3. Although it was approved that the respondents had the
same ability to play this kind of video game for each experiment, the number and the variety of respondents were limited.
It can be a future extension of our research with more respondents of a large variety.

6. Conclusions

The experimental results show that in all conditions of Experiments 1, 2, and 3, responses are significantly easier to
click on moving triangles when the pointing directions of the triangle and its movement direction coincide. This effect
might be due to stimulus-response compatibility or attentional capture of shapes moving in their pointing direction. In
either case, the intrinsic pointing direction (if one exists) and the movement direction of shapes influence performance
and should be taken into account when designing using moving objects or interfaces in VR environments. Future
studies could and should extend the results to more stimuli, as we assume attention and S-R compatibility are basic
principles of human information processing that are not limited to specific stimuli. In future studies, there should also
be a similar task with moving shapes but one condition with a movement-related response and one condition with a
response not related to any movement, for example, a detection task where participants have to press a button if a
specific target is present or not.
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