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Abstract: Subjective preferences for visual qualities of shapes and fonts have been separately reported.
Such preferences are often similarly attributed to factors such as aesthetic impressions, attributed
meaning from the visual properties, or processing fluency. Because shapes and fonts were rarely
studied together, we investigated whether these qualities had a similar impact on preference judgment
of object-word pairs. Each pair consisted of an abstract object with either preferred or disliked shape
qualities and a pseudoword with either preferred or disliked font qualities. We found that only shape
qualities, but not font qualities, influenced preference ratings of the object-word pairs, with higher
preferences for pairs with preferred than disliked shapes. Moreover, eye movement results indicated
that while participants fixated the word before the object, their prolonged fixation on the object when
first attending to it might have contributed to the preference ratings. Nonetheless, other measures,
including response times, total fixation numbers, and total dwell time, showed different patterns for
shape and font qualities, revealing that participants attended more to objects with preferred than
disliked shapes, and to words with disliked than preferred fonts. Taken together, these results suggest
that shape and font qualities have differential influences on preferences and processing of objects
and words.
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1. Introduction

Humans are highly efficient in recognizing many common categories, including objects
and words, regardless of a wide range of variations in visual qualities, such as styles and
designs. Although such visual qualities may not affect recognition of an object or word (e.g.,
an office chair and a designer chair are both chairs, and A and A represent the same letter),
these seemingly low-level visual properties are rapidly extracted to shape our preference
towards the item. Preference judgments are often made quickly and without reasoning [1,2].
Such initial evaluations (e.g., likeability, preference) may determine our actions (e.g., to
approach or avoid), and are made for almost everything that we encounter, including
objects with either strong positive or negative associations (e.g., a flower, [3,4]) or relatively
neutral associations (e.g., a teapot, [5]).

Although preferences are subjective, previous research has shown that preference
judgments for visual qualities of objects and words are highly consistent among observers
despite some individual differences ([2,6]). For both categories, preferences for curvy con-
tour or roundness have been reported. For either familiar objects (e.g., sofa) or unfamiliar
objects (e.g., abstract shapes or patterns), those with curvy shapes are consistently preferred
compared with those with angular shapes (e.g., [7-9]). Likewise, rounder fonts are also
consistently preferred over angular fonts (e.g., [10]). Remarkably, the preference for curvy
rather than angular items does not appear to change when observers only see the images
briefly (e.g., 84-300 ms, [2]) or until a response (e.g., [11]), and can be found across various
tasks (e.g., making a binary like/dislike judgment, e.g., [7,11]; select a preferred item from
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a pair, or select a score on a preference rating scale, [11]). Although similar preferences
for specific kinds of visual qualities, particularly curvy contour or roundness, have been
observed for various categories, it remains unclear whether such visual qualities share
similar processing mechanisms or have similar functions for the respective categories.

It is possible that similar mechanisms may underline the preferences for curvy shapes
and fonts. Preference is suggested to be related to factors such as an aesthetic preference for
curvy shapes as they are visually pleasant [8,12,13] or a sense of potential threat implied
by angular shapes [14,15]. Although shapes and fonts may be regarded as low-level
visual qualities of objects and words, shapes and fonts appear to carry meaning over-
and-above the actual semantic meaning of the objects or words. For instance, simple
curvy and angular shapes are associated with different kinds of meaning. Specifically,
curvy shapes are associated with words that are related to safety (e.g., comfort, home) or
positivity (e.g., laughter, success) and female names, whereas angular shapes are associated
with words that are related to danger (e.g., bomb, torture) or negativity (e.g., rejected,
evil) and male names [9]. Likewise, fonts appear to generate their own associations of
meaning independent of the word they were used to write [10]. For instance, italicized fonts
are generally perceived to be more active but less potent than regular Roman fonts [16],
and Palatino ltalic was associated with a connotation of “fast” whereas Cooper Black
was associated with being “slow” [17]. Moreover, font qualities influence categorization
judgments of category membership (e.g., whether “robin” or “penguin” are “birds”, [18])
and perceived psychological distance (e.g., a disfluent font renders the item more abstract
and farther away, [19]). There are even reports of cross-modal correspondences between
visual qualities and tastes, in which round shapes and fonts are associated with sweetness
and angular shapes and fonts are associated with bitterness [10,20,21].

Preference is also thought to be related to perceptual fluency [22], as revealed by fast
response times. Indeed, when comparing the processing of curvy and angular shapes
that are comparable with objective complexity, curvy shapes were processed faster than
angular shapes across multiple tasks, including categorization, same-different judgment,
rotation, and symmetry detection [8,23]. Similarly, a familiar and clearly readable font
results in faster and better identification, though not detection, of words [22]. The fluency
and faster processing speed for curvy over angular shapes and fonts might be related to
learned statistical regularities that are utilized for categorization in real-world experience.
For instance, animals are recognized faster than man-made objects, perhaps partially due
to the mid-level visual differences among the two categories: animals tend to have curvy or
round shapes, whereas man-made objects are often boxy or elongated ([24,25]; see also [26]).
Nonetheless, as comparable response times between curvy and angular objects were also
sometimes observed for preference judgment, it has been suggested that the preference for
curvy over angular shapes might also arise beyond perceptual fluency [7].

As the qualities of shapes and fonts show similar characteristics with regard to aesthetic
impressions, semantic associations, and perceptual fluency, the present study examined
how these qualities may contribute to preferences for object-word pairs. This question is
theoretically important because although preference judgments can be made for both shape
and font qualities of objects and words, it remains unclear whether the same factors underlie
the influences of these visual qualities on the processing of objects and words. New insights
on the roles of preferred or disliked shape and font qualities on the evaluation process can
be revealed and compared when the two categories are examined directly. Apart from
preference ratings, additional measures such as response times and eye movements during
the evaluation of the object-word pairs allow for the understanding of the impact of shape
and font qualities on processing time of and attention allocation towards objects and words.
Note that preference ratings and response times could reveal similar or different patterns of
results, which would suggest whether or how subjective preference and processing fluency
for visual qualities of objects and words might be related, and how attention might be
allocated to the object or the word depending on the visual qualities. Moreover, although
objects and words are often studied separately in a laboratory setting, it is quite common
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that object-word pairs are shown simultaneously as a unit in everyday life, such as in
the case of logos. Therefore, an investigation on shape and font qualities of object-word
pairs may also have real-world implications on preferences for visual design of new brand
logos [27].

In this study, we manipulated the preferred vs. disliked qualities for both shapes and
fonts for object-word pairs. To minimize the potential semantic associations of familiar
objects and words on the perception of shapes and fonts (e.g., [17]), only abstract objects
and pseudowords were used in this study. If observers evaluate information from both
objects and words equally, and the effects of preferred vs. disliked visual qualities from
both categories are addictive, the highest preference ratings would be expected for object-
word pairs with preferred shapes and fonts, whereas the lowest preference ratings would
be expected for the pairs with disliked shapes and fonts. Another possibility is that the
congruency between the shape and font qualities of the object-word pairs is also evaluated
(e.g., see [28]), thus higher preference ratings would be expected for object-word pairs
with preferred qualities for both components and for pairs with disliked qualities for
both components, compared with pairs with preferred qualities for one component but
disliked qualities for the other component. Alternatively, preferences and response times
for object-word pairs might instead be driven by the visual qualities of only one but not
both components, presumably the first component that observers attend to.

To examine how attention might be allocated to either the object or the word with
different visual qualities, eye movements were recorded during the preference judgment.
We focused on the measures of first fixations and total fixations towards the object-word
pairs. Previous studies showed that observers’ first fixations and total fixation durations
for pictorial or textual components depend on the relevance to their goals [29]: observers
generally attended to the text over the image quicker and for a longer time on printed
or webpage advertisement when considering making a purchase [30,31], but attended
to the image quicker and for a longer time, compared with the text, when judging how
much they liked the ad or how effective the ad was [32]. Based on these findings, we
expected that when making the preference judgment of object-word pairs, the shape
qualities might have a larger impact than font qualities, since the object might be fixated first
and for a longer time, compared with the word. Moreover, differences in eye movements
might also be expected between preferred and disliked qualities of shapes and fonts, since
observers might be more likely to attend to preferred shapes and avoid attending to disliked
shapes [8,33], but might be less likely to attend to preferred than disliked fonts [34-36].

2. Materials and Methods
2.1. Participants

Twenty-four undergraduate students (8 males and 16 females, M age =19.42, SD = 1.39)
from New York University Abu Dhabi (NYUAD) participated for course credits or subsis-
tence allowance. All participants reported normal or corrected-to-normal vision. The study
was approved by the NYUAD Institutional Review Board. All participants gave informed
written consent prior to the experiment.

2.2. Apparatus

The stimuli were presented on a BenQ XL2411Z monitor using a Windows desktop
computer and participants responded by pressing one of the dedicated keys on a standard
keyboard. Eye movements were measured using an EyeLink 1000 Plus eye tracker (SR
Research Ltd., Ottawa, ON, Canada) operating at 1000 Hz. Head movement was stabilized
using a chin and head rest.

2.3. Stimuli and Procedure
2.3.1. Pilot Study

We conducted a pilot study to select the shapes and fonts for the main study. In the
pilot study, a separate group of 18 participants (10 males and 8 females, M age = 22.67,
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5D = 6.32) from the NYUAD community were presented with 400 grayscale images and
were asked to provide preference ratings. Of those images, there were 200 different abstract
shapes and the same letter-string “ABCDE’ writing in 200 different fonts. All of the abstract
shapes were selected from the image set in [7], with 100 curvy shapes and 100 angular
shapes. The 200 fonts were selected from a wide range of designs. Each shape or letter string
was presented on a gray background of 256 pixels by 256 pixels in size. The presentation
order of shape and font trials was blocked and counterbalanced across participants. On
each trial, participants were first shown a fixation for 600 ms and then an image for 400 ms
and were asked the extent they liked each shape or font on a 5-point scale, with 1 being
the lowest (‘not at all’) and 5 being the highest (‘very much’). Participants were asked to
respond as soon as possible, or within 10 s after stimulus onset (the average response time
was 1302 ms, SD = 958 ms).

For the analysis of the pilot results, the trials with very brief response times were
excluded (<300 ms, 194 out of 7200 trials = 2.69%). According to the ratings collected in the
pilot study, we selected a total of 96 shapes and 96 fonts. For both categories, we selected
48 images with high ratings and 48 images with low ratings. Note that for the shapes,
we selected from only the curvy shapes for the preferred condition and only the angular
shapes for the disliked condition. Two-sample t-tests confirmed that the preferred shapes
(M =3.02, SD = 0.30) were rated significantly higher than the disliked shapes (M = 2.37,
SD =0.27), tyg = —11.23, p < 0.0001, d = —2.29 and the preferred fonts (M = 3.24, SD = 0.21)
were rated significantly higher than the disliked fonts (M = 2.03, SD = 0.11), tgy = —35.91,
p <0.0001, d = —7.33. There was also no significant difference in response times either
between preferred (M = 1229 ms, SD = 101 ms) and disliked (M = 1232 ms, SD = 142 ms)
shapes, fo4 = 0.10, p = 0.92, d = 0.02, or between preferred (M = 1317 ms, SD =208 ms) and
disliked (M = 1346 ms, SD = 211 ms) fonts, t9; = 0.68, p = 0.50, d = 0.14.

2.3.2. Main Study

In the main study, each stimulus was composed of one of the 96 shapes (48 preferred
and 48 disliked shapes) and a pseudoword in the English language in one of the 96 fonts
(48 preferred and 48 disliked fonts), presented side-by-side, with either the shape or the
word presented immediately left or right of the center of the screen. Figure 1 illustrates the
sample stimuli. There were a total of 48 four-letter nonsense words (e.g., “dipo’, ‘lomu’),
each word presented once in a preferred font and once in a disliked font for each participant.
We made two sets of pairings between each pseudoword and a preferred/disliked font to be
presented to different participants (e.g., ‘dipo” was paired with two different preferred fonts
and two different disliked fonts), with the two sets counterbalanced across participants
to minimize any possible effects that the preference judgment was made based on the
pseudowords but not the fonts.

Shape
Preferred (high rating) Disliked (Low rating)
Font Preferred

(high rating) INRA ‘ e dO ‘
Disliked (low
o fe

rating)
Figure 1. Sample object-word stimuli in the four main experimental conditions: preferred shapes

neso

with preferred and disliked fonts (top-left and bottom-left) and disliked shapes with preferred and
disliked fonts (top-right and bottom right).
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Each shape or font was only shown once in the experiment to minimize prior exposure
that could affect preference judgment [37]. The shapes and fonts were paired randomly
on each trial. Specifically, half of the preferred shapes were paired with preferred fonts,
whereas the rest of the preferred shapes were paired with disliked fonts. Likewise, half of
the disliked shapes were paired with preferred fonts, whereas the rest of the disliked shapes
were paired with disliked fonts. With each of the 4 shape-font conditions, the positions
of the objects and words were counterbalanced: half of the trials showed the objects on
the left and the words on the right, and the rest of the trials showed the words on the left
and the objects on the right. There were a total of 192 trials, with 24 trials in each of the
Shape quality (preferred vs. disliked), Font quality (preferred vs. disliked) and Position
(shape-on-the-left vs. shape-on-the-right) conditions. Each object-word pair was presented
on a gray background of 512 pixels in width and 256 pixels in height, subtending a visual
angle of 11.35° in width and 5.68° in height. The analysis of eye movement data towards
the objects and words excluded the gap between the two stimuli (80 pixels).

Participants were asked to treat each object-word pair as a logo and to indicate their
preference for each logo on a 5-point scale (1 indicates ‘not at all’, whereas 5 indicates
‘very much’). On each trial, a fixation was presented at the center of the screen for 600 ms,
followed by an object-word pair for 2 s. Participants were told to look at each display until
the stimulus disappeared but were allowed to respond as soon as they saw the display, or
up to 10 s after the stimulus onset.

3. Results

For the analyses of preference ratings and response times, trials with extremely short
(<200 ms) or extremely long (>4000 ms) response times were excluded (1.7% of the total
number of trials). For the eye movement analysis, fixations that coincided with stimulus
onset or the response, or extreme outliers (<60 ms or >1200 ms fixation duration) were
excluded (4.6% of the total number of trials), resulting in a final data set consisting of
36,046 (out of 37,784) fixations. Figure 2 illustrates the preference ratings and response
time results. Figures 3 and 4 illustrate the results regarding the first fixations and the
total fixations.

3.5 1800}~

® Preferred font ® Preferred font
M Disliked font M Disliked font

ms)

~— 17001

w
T

1600

Preference rating

n
a
T
HEHOH
Response times

T

1500

Il Il Il Il
Preferred shape  Disliked shape Preferred shape Disliked shape

Figure 2. Preference ratings (left) and response times (RT, right) as a function of Shape quality and
Font quality. Because the main effects and interactions involving the factor Position (i.e., whether the
object or word was shown on the left vs. right) was not significant, the plotted results were collapsed
for that factor. Error bars represent standard errors.



Vision 2022, 6, 22

6 of 12

Object Word
4k
< ® Preferred font
) B Disliked font
ko]
£
c
g
2 " .
=
2r 1 1 1 1
Preferred Disliked Preferred Disliked
shape shape shape shape
. Object Word
& 450 ® Preferred font
‘C’ B Disliked font
- 400f-
o
=)
C 3501 g i
C
Ke)
g 300
- : !
th_ 250+ ) | ! I
Preferred Disliked Preferred Disliked
shape shape shape shape

Figure 3. First fixation index (top panel) and first fixation duration (bottom panel) as a function of
Shape quality and Font quality. Error bars represent standard errors.
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Figure 4. Total fixation count (top panel) and total dwell time (bottom panel) as a function of Shape
quality and Font quality. Error bars represent standard errors.
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3.1. Preference Ratings

An ANOVA was conducted on preference ratings with three within-subject factors:
Shape quality (preferred vs. disliked), Font quality (preferred vs. disliked), and Position
(left vs. right of center of screen). There was a significant main effect of Shape qual-
ity, F123 =39.68, p < 0.001, 77, = 0.633, with higher ratings for preferred than disliked
shapes. Both the main effects of Font quality (F13 = 0.68, p = 0.417, 17,2 = 0.029) and
Position (Fy 53 = 0.47, p = 0.502, 77,> = 0.02) were not significant. There were also no sig-
nificant two-way (Shape quality x Font quality: Fy 23 = 2.05, p = 0.165, 17,> = 0.082; Shape
quality x Position: Fq 3 = 0.46, p = 0.506, 17,,2 = 0.019; Font quality x Position: Fq 23 = 0.09,
p = 0.765, 1, = 0.004) or three-way interactions (Fyp3 = 0.19, p = 0.666, 77,> = 0.008).
These results suggest that regardless of the positions of the objects or words, partici-
pants relied on the shape quality of the object instead of the font quality of the word for
preference judgment.

3.2. Response Times (RT)

An ANOVA was conducted on RT with three within-subject factors: Shape quality
(preferred vs. disliked), Font quality (preferred vs. disliked), and Position (left vs. right of
center of screen). There was a main effect of Shape quality, Fy 53 = 5.00, p = 0.035, 17,2 = 0.18,
with slower responses for preferred shapes than disliked shapes. There was also a main
effect of Font quality, F; »3 = 5.61, p = 0.027, 17, = 0.20), with faster responses for preferred
fonts than disliked fonts. The main effect of Position was not significant, F; 3 =1.80, p = 0.19,
11p* = 0.072. There were no significant two-way interactions (Shape quality x Font quality:
F123=0.27,p=0.61, 11;72 =0.012; Shape quality x Position: Fq 23 = 0.1, p = 0.749, 11p2 = 0.005;
Font quality x Position: Fqp3 =224, p = 0.148, 17p2 = 0.089) or three-way interactions
(F123 = 346, p = 0.076, 17,> = 0.13).

3.3. Eye Movements

For the eye movement data, we focused on four measures on objects and words
separately: first fixation index, first fixation duration, total fixation count, and total dwell
time. First fixation index on either the object or the word indicated the number of fixations
it took the participant to first fixate each component. First fixation duration indicated the
duration of the first fixation on each component. Total fixation count on either the object or
the word indicated the total numbers of fixations made on each component. Total dwell
time indicated the duration of all fixations on each component. A three-way ANOVA
was conducted on each of these measures with within-subject factors: Focus (object vs.
word), Shape quality (preferred vs. disliked), and Font quality (preferred vs. disliked).
The analysis was conducted on data collapsed across the left vs. right positions for the
objects and words, because the analysis focus was on the fixations to the categories (object
vs. word), and the factor Position was counterbalanced across conditions.

3.3.1. First Fixation Index

There was a main effect of Focus, Fy 3 = 17.62, p < 0.001, 17,,2 = 0.434, with the first
fixations made more frequently to the word than the object. The main effect of Shape quality
was not significant, F1 53 = 0.06, p = 0.801, 77,> = 0.003. There was a main effect of Font quality,
F13 =4.36, p = 0.048, 17,2 = 0.159, which was modulated by a significant interaction between
Focus and Font quality, F; 23 = 7.67, p = 0.011, 17,> = 0.25, with the effect of Font quality
observed when the Focus was on the object but not the word. Specifically, although the first
fixations were more likely made on the word than the object in all conditions (p’s < 0.02,
Scheffé’s test), the difference was larger with the presence of disliked than preferred fonts
(p < 0.01), suggesting that when the word was shown in disliked rather than preferred
fonts, participants took additional fixations on the word prior to initiating a fixation to the
object, presumably because disliked fonts required further processing than preferred fonts.
There were no other significant two-way interactions (Focus x Shape quality: F; o3 =2.79,
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p =0.109, 17, = 0.108; Shape quality x Font quality: F; 3 = 0.01, p = 0.914, 7, < 0.001) or
three-way interaction (Fy 23 = 0.33, p = 0.572, 17, = 0.014).

3.3.2. First Fixation Duration

There was a main effect of Focus, Fy 3 = 76.38, p < 0.001, 77,2 = 0.769, with longer
first fixations on objects than words. There were no main effects of either Shape qual-
ity (F123 = 0.02, p = 0.88, 17,> = 0.001) or Font quality (F; 23 < 0.01, p = 0.99, 1,> < 0.001).
There was a significant interaction between Focus and Font quality, F; 23 = 11.96, p = 0.002,
11p* = 0.342: although the first fixations were longer for objects than words in all condi-
tions (p’s < 0.001, Scheffé’s test), the difference was reduced with the presence of disliked
than preferred fonts (p = 0.002), presumably because participants switched attention from
the object back to the word faster for disliked fonts, which likely required further pro-
cessing, than for preferred fonts (p < 0.001, Scheffé’s test). There were no other signif-
icant two-way interactions (Focus x Shape quality: F;3 = 0.02, p = 0.897, 1, < 0.001;
Shape quality x Font quality: F1 3 = 0.53, p = 0.474, 17,2 = 0.023) or three-way interaction
(F1,03 =0.02, p = 0.622, 17,> = 0.008).

3.3.3. Total Fixation Count

There were no significant main effects of Focus (F; 3 = 2.77, p = 0.109, 17p2 =0.108),
Shape quality (Fy 23 = 0.89, p = 0.355, 17,2 = 0.037), nor Font quality (Fy 23 = 0.52, p = 0.478,
11p* = 0.022) on total fixation count. However, there was an interaction between Focus and
Shape quality, F; o3 = 20.9, p < 0.001, ,> = 0.476, and an interaction between Focus and Font
quality, F1 o3 = 26.47, p < 0.001, 77, = 0.535. Essentially, participants made approximately
five fixations across each object-word pair. Although the fixations were quite evenly
distributed across the object and the word, participants fixated more frequently the word
with disliked than preferred fonts (p = 0.007, Scheffé’s test), and on the object with preferred
than disliked shapes (p = 0.006, Scheffé’s test). The interaction between Shape quality and
Font quality (Fj 23 = 0.55, p = 0.465, 7, = 0.023) and the three-way interaction (Fy »3 = 0.21,
p =0.654, 17p2 = 0.009) were not significant.

3.3.4. Total Dwell Time

The results of total dwell time were highly similar to those of total fixation count. There
were no significant main effects of Focus (Fy 3 = 0.01, p = 0.939, 77,% < 0.001), Shape quality
(F1,03 = 1.07, p = 0.312, 17,> = 0.044), nor Font quality (F; 23 = 0.32, p = 0.574, 17,> = 0.014)
on total dwell time. However, there was an interaction between Focus and Shape quality,
F125 =19.69, p < 0.001, 1, = 0.461, and an interaction between Focus and Font quality,
F13 = 37.95, p < 0.001, 17,> = 0.623. Similar to the total fixation count results, although the
total dwell time on the object and the word was comparable, participants looked longer at
the word with disliked than preferred fonts (p = 0.001, Scheffé’s test), and at the object with
preferred than disliked shapes (p = 0.0005, Scheffé’s test). The interaction between Shape
quality and Font quality (Fq 23 = 2.03, p = 0.168, ;7,,2 = 0.081) and the three-way interaction
(F123=0.25,p=0.624, 17,,2 = 0.011) were not significant.

4. Discussion

To examine the effects of visual qualities on the evaluation of object-word pairs, we
manipulated the qualities of shapes and fonts. We measured subjective preference, response
times, and eye movements during the evaluation and observed different patterns of results
across the measures.

We found that preference ratings for the object-word pairs were primarily determined
by the shape qualities of the objects, whereas the font qualities of the words appeared to
have negligible effects. Specifically, higher preference ratings were observed when the
objects had preferred than disliked shapes, regardless of whether the words were shown in
preferred or disliked fonts. Moreover, the congruency between shape and font qualities did
not appear to influence the preference ratings for the object-word pairs. This result might
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be surprising: although both the preferred and disliked qualities of the shapes and fonts
had been established in the pilot study, participants only relied on the shape qualities even
when both sets of information were available in the main study. Consistent with previous
studies, it is possible that during object processing, curvy shapes are generally preferred
because of an aesthetic pleasantness [8,12,13] and angular shapes are generally disliked
because of an indication of potential threat [14,15]. On the other hand, aesthetic values
of font qualities may not be as critical during word processing even though preference
judgment can be made for fonts.

Nonetheless, both shape and font qualities had an impact on the evaluation process,
as the response times for the preference decisions were influenced by both sets of qualities.
More specifically, preferred vs. disliked shape and font qualities showed different effects,
with longer response times found for preferred than disliked shapes and for disliked than
preferred fonts. Although no differences in response times were observed for either shapes
or fonts during the pilot study, it is important to emphasize that because opposite patterns
of response times and total fixations were observed for preferred vs. disliked shape and
font qualities, it is unlikely that the same factors affect the processing of objects and words
equally. Presumably, preferred shapes are more pleasant to look at compared with disliked
shapes [8,12,13,33], while it may take longer to identify the words shown in disliked than
preferred fonts (e.g., [10]). Similar differential effects of preferred vs. disliked shape and
font qualities were also revealed in two of the eye movement measures, specifically the
total fixation count and total dwell time. Taken together, these results suggest that shape
and font qualities do not produce identical effects on either preference ratings or processing
time, and the amount of processing time for specific shape and font qualities is unlikely
related to subjective preference for object-word pairs.

Although participants evaluated both components of the object-word pairs, as they
made comparable numbers of fixations to each component and fixated each component for
approximately the same amount of time, subjective preference for object-word pairs may
instead depend on certain aspects of the first fixations that participants made to either the
object or the word. Since preference judgment is often made rapidly [2,7], it is conceivable
that the first impression for a single component could determine the preference towards
the pair. We measured whether participants attended to the object or the word first (first
fixation index) and how long the first fixation was (first fixation duration). These two
measures revealed the opposite results: participants attended to the word before the object,
but the first fixation on the object was longer than the first fixation on the word. Such results
were only partially consistent with previous findings of stronger influences of the pictorial
than textual components during preference judgment, as the pictorial component of a
printed advertisement was both fixated quicker and longer than the textual component [32].
Nonetheless, because the preference ratings for object-word pairs were found to depend
on only the shape qualities of the object and not the font qualities of the word, our results
suggest that the preference judgment was not necessarily based on the component that
participants first attended to (i.e., the word), but instead the first component that they
examined for a sufficient amount of time (i.e., the object).

Why do words attract attention first and why do shape qualities of an object show
stronger influences on preference judgment than font qualities of a word? We suggest that
the different processing goals for the two categories, or the differential functionality of
the visual qualities of each of the categories, may play an important role. It is possible
that attention is first attracted to words than objects because it is quicker to process word
meaning than shape meaning. Indeed, faster responses were found in a congruence
judgment task when observers attended to the word before the object in object-word
pairs (e.g., both are squares/circles, or one is a square and the other is a circle) [38]. More
importantly, the impact of visual qualities may depend on the processing needs required for
extracting meaning from the specific categories. For object processing, the shape qualities
may signify the visual appearance but not necessarily the essence of the object (e.g., different
shapes of sofas). In contrast, for word processing, the legibility of the font is critical to
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identify the letters and access the word meaning and disliked fonts are often considered
less legible than preferred fonts [10]. Therefore, although the qualities of shapes and fonts
can both be evaluated and the preferred qualities of shapes and fonts are appreciated, the
desirable characteristics of shapes and fonts serve different processing goals for extracting
meaning from the categories.

As our study aimed to examine the relative importance of shape and font qualities on
preference judgment on object-word pairs, we expected that the participants would attend
to either or both components in a serial manner. However, it is possible that participants
might instead fixate a central point of the display to evaluate the pair as a unit. Because
our stimuli were presented at the center of the screen, where participants fixated prior to
the stimulus onset, we were not able to distinguish whether any initial fixations located
at the center of the display were relevant to the preference judgment. To clarify the eye
movement strategies used by observers when viewing the object-word pairs, future studies
may consider presenting the displays off center and examining whether participants adopt
a holistic or analytical viewing strategy (e.g., [39]). Furthermore, since shapes and fonts
alone may convey meaning [9,17], future investigation on shape and font qualities could
use familiar objects and meaningful words to examine whether the effect of shape qualities
on preference judgment remains robust, or whether higher-level factors such as semantic
processing would instead lead to a stronger emphasis on font qualities. While our findings
suggest that shape qualities have a more critical role than font qualities on subjective
preference, further studies may examine the real-world implications of shape and font
qualities on visual design of familiar compared with novel brand logos.

5. Conclusions

Although preferred and disliked shape and font qualities can be consistently identified
among observers, the present study revealed that subjective preference for object-word
pairs was determined primarily by shape qualities of the object but not font qualities of the
word. By studying the visual qualities of objects and words together, our findings provide
new insights that the desirable shape and font qualities may serve different processing
goals for the categories.

Author Contributions: Conceptualization, O.S.C. and O.H.; investigation, O.H.; data curation, O.H.
and T.T.; formal analysis, O.S.C., O.H. and T.T.; funding acquisition, O.H.; visualization, O.S.C,,
O.H. and T.T.; writing—original draft, O.S.C.; writing—review and editing, O.S.C., O.H. and T.T. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by a capstone grant awarded to O.H. by New York University
Abu Dhabi.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of New York University Abu Dhabi
(protocol #093-2016, approved on 1 November 2016).

Informed Consent Statement: Informed consent was obtained from all participants involved in the study.
Data Availability Statement: The data and analysis code for this study are available at https://osf.io/56h8s/.

Acknowledgments: The authors thank Emma Wei Chen and Julie Xixuan Liu for helpful discussions
and assistance in data analysis.

Conflicts of Interest: The authors declare no conflict of interest.

1.  Reber, R.; Schwarz, N.; Winkielman, P. Processing Fluency and Aesthetic Pleasure: Is Beauty in the Perceiver’s Processing
Experience? Personal. Soc. Psychol. Rev. 2004, 8, 364-382. [CrossRef]

2. Corradi, G.; Belman, M.; Curro, T.; Chuquichambi, E.G.; Rey, C.; Nadal, M. Aesthetic Sensitivity to Curvature in Real Objects and
Abstract Designs. Acta Psychol. 2019, 197, 124-130. [CrossRef] [PubMed]

3.  Cunningham, W.A ; Raye, C.L.; Johnson, M.K. Implicit and Explicit Evaluation: FMRI Correlates of Valence, Emotional Intensity,
and Control in the Processing of Attitudes. J. Cogn. Neurosci. 2004, 16, 1717-1729. [CrossRef] [PubMed]


https://osf.io/56h8s/
http://doi.org/10.1207/s15327957pspr0804_3
http://doi.org/10.1016/j.actpsy.2019.05.012
http://www.ncbi.nlm.nih.gov/pubmed/31146089
http://doi.org/10.1162/0898929042947919
http://www.ncbi.nlm.nih.gov/pubmed/15701224

Vision 2022, 6, 22 11 0f12

10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Greenwald, A.G.; McGhee, D.E.; Schwartz, ].L.K. Measuring Individual Differences in Implicit Cognition: The Implicit Association
Test. J. Pers. Soc. Psychol. 1998, 74, 1464-1480. [CrossRef] [PubMed]

Lebrecht, S.; Bar, M.; Barrett, L.E; Tarr, M.]. Micro-Valences: Perceiving Affective Valence in Everyday Objects. Front. Psychol.
2012, 3, 107. [CrossRef] [PubMed]

Cotter, K.N,; Silvia, PJ.; Bertamini, M.; Palumbo, L.; Vartanian, O. Curve Appeal: Exploring Individual Differences in Preference
for Curved Versus Angular Objects. i-Percept 2017, 8, 204166951769302. [CrossRef] [PubMed]

Bar, M.; Neta, M. Humans Prefer Curved Visual Objects. Psychol. Sci. 2006, 17, 645-648. [CrossRef] [PubMed]

Bertamini, M.; Palumbo, L.; Gheorghes, T.N.; Galatsidas, M. Do Observers like Curvature or Do They Dislike Angularity? Br. |.
Psychol. 2016, 107, 154-178. [CrossRef]

Palumbo, L.; Ruta, N.; Bertamini, M. Comparing Angular and Curved Shapes in Terms of Implicit Associations and Ap-
proach/Avoidance Responses. PLoS ONE 2015, 10, e0140043. [CrossRef]

Velasco, C.; Woods, A.T.; Hyndman, S.; Spence, C. The Taste of Typeface. i-Percept 2015, 6, 204166951559304. [CrossRef]
Palumbo, L.; Bertamini, M. The Curvature Effect: A Comparison Between Preference Tasks. Empir. Stud. Arts 2016, 34, 35-52.
[CrossRef]

Gomez-Puerto, G.; Munar, E.; Nadal, M. Preference for Curvature: A Historical and Conceptual Framework. Front. Hum. Neurosci.
2015, 9, 712. [CrossRef]

Kastl, A.J.; Child, I.L. Emotional Meaning of Four Typographical Variables. ]J. Appl. Psychol. 1968, 52, 440-446. [CrossRef]
[PubMed]

Bar, M.; Neta, M. Visual Elements of Subjective Preference Modulate Amygdala Activation. Neuropsychologia 2007, 45, 2191-2200.
[CrossRef] [PubMed]

Larson, C.L.; Aronoff, J.; Sarinopoulos, 1.C.; Zhu, D.C. Recognizing Threat: A Simple Geometric Shape Activates Neural Circuitry
for Threat Detection. J. Cogn. Neurosci. 2009, 21, 1523-1535. [CrossRef]

Tannenbaum, P.H.; Jacobson, H.K.; Norris, E.L. An Experimental Investigation of Typeface Connotations. Journal. Q. 1964, 41,
65-73. [CrossRef]

Lewis, C.; Walker, P. Typographic Influences on Reading. Br. J. Psychol. 1989, 80, 241-257. [CrossRef]

Oppenheimer, D.M.; Frank, M.C. A Rose in Any Other Font Would Not Smell as Sweet: Effects of Perceptual Fluency on
Categorization. Cognition 2008, 106, 1178-1194. [CrossRef]

Alter, A.L.; Oppenheimer, D.M. Effects of Fluency on Psychological Distance and Mental Construal (or Why New York Is a Large
City, but New York Is a Civilized Jungle). Psychol. Sci. 2008, 19, 161-167. [CrossRef]

Spence, C.; Deroy, O. On the Shapes of Flavours: A Review of Four Hypotheses. Theor. Hist. Sci. 2014, 10, 207-238. [CrossRef]
Velasco, C.; Woods, A.T.; Deroy, O.; Spence, C. Hedonic Mediation of the Crossmodal Correspondence between Taste and Shape.
Food Qual. Prefer. 2015, 41, 151-158. [CrossRef]

Reber, R.; Wurtz, P.; Zimmermann, T.D. Exploring “Fringe” Consciousness: The Subjective Experience of Perceptual Fluency and
Its Objective Bases. Conscious. Cogn. 2004, 13, 47-60. [CrossRef]

Bertamini, M.; Palumbo, L.; Redies, C. An Advantage for Smooth Compared with Angular Contours in the Speed of Processing
Shape. J. Exp. Psychol. Hum. Percept. Perform. 2019, 45, 1304-1318. [CrossRef] [PubMed]

Long, B.; Stormer, V.S.; Alvarez, G.A. Mid-Level Perceptual Features Contain Early Cues to Animacy. . Vis. 2017, 17, 20.
[CrossRef] [PubMed]

Zachariou, V.; Del Giacco, A.C.; Ungerleider, L.G.; Yue, X. Bottom-up Processing of Curvilinear Visual Features Is Sufficient for
Animate/Inanimate Object Categorization. J. Vis. 2018, 18, 1-12. [CrossRef]

He, C; Cheung, O.S. Category Selectivity for Animals and Man-Made Objects: Beyond Low- and Mid-Level Visual Features.
J. Vis. 2019, 19, 1-14. [CrossRef]

Bresciani, S.; Del Ponte, P. New Brand Logo Design: Customers’ Preference for Brand Name and Icon. J. Brand Manag. 2017, 24,
375-390. [CrossRef]

Makin, A.D.J. The Gap Between Aesthetic Science and Aesthetic Experience. J. Conscious. Stud. 2017, 24, 184-213.

Yarbus, A.L. Eye Movements and Vision; Springer: Boston, MA, USA, 1967; ISBN 978-1-4899-5381-0.

Rayner, K.; Rotello, C.M.; Stewart, A.].; Keir, J.; Duffy, S.A. Integrating Text and Pictorial Information: Eye Movements When
Looking at Print Advertisements. J. Exp. Psychol. Appl. 2001, 7, 219-226. [CrossRef]

Wedel, M,; Pieters, R. Eye Fixations on Advertisements and Memory for Brands: A Model and Findings. Mark. Sci. 2000, 19,
297-312. [CrossRef]

Rayner, K.; Miller, B.; Rotello, C.M. Eye Movements When Looking at Print Advertisements: The Goal of the Viewer Matters.
Appl. Cogn. Psychol. 2008, 22, 697-707. [CrossRef] [PubMed]

Rinck, M.; Becker, E.S. Spider Fearful Individuals Attend to Threat, Then Quickly Avoid It: Evidence from Eye Movements.
J. Abnorm. Psychol. 2006, 115, 231-238. [CrossRef]

Rayner, K. Eye Movements in Reading and Information Processing: 20 Years of Research. Psychol. Bull. 1998, 124, 372-422.
[CrossRef] [PubMed]

Rayner, K; Reichle, E.D.; Stroud, M.J.; Williams, C.C.; Pollatsek, A. The Effect of Word Frequency, Word Predictability, and Font
Difficulty on the Eye Movements of Young and Older Readers. Psychol. Aging 2006, 21, 448-465. [CrossRef]


http://doi.org/10.1037/0022-3514.74.6.1464
http://www.ncbi.nlm.nih.gov/pubmed/9654756
http://doi.org/10.3389/fpsyg.2012.00107
http://www.ncbi.nlm.nih.gov/pubmed/22529828
http://doi.org/10.1177/2041669517693023
http://www.ncbi.nlm.nih.gov/pubmed/28491269
http://doi.org/10.1111/j.1467-9280.2006.01759.x
http://www.ncbi.nlm.nih.gov/pubmed/16913943
http://doi.org/10.1111/bjop.12132
http://doi.org/10.1371/journal.pone.0140043
http://doi.org/10.1177/2041669515593040
http://doi.org/10.1177/0276237415621185
http://doi.org/10.3389/fnhum.2015.00712
http://doi.org/10.1037/h0026506
http://www.ncbi.nlm.nih.gov/pubmed/5705849
http://doi.org/10.1016/j.neuropsychologia.2007.03.008
http://www.ncbi.nlm.nih.gov/pubmed/17462678
http://doi.org/10.1162/jocn.2009.21111
http://doi.org/10.1177/107769906404100108
http://doi.org/10.1111/j.2044-8295.1989.tb02317.x
http://doi.org/10.1016/j.cognition.2007.05.010
http://doi.org/10.1111/j.1467-9280.2008.02062.x
http://doi.org/10.12775/ths-2013-0011
http://doi.org/10.1016/j.foodqual.2014.11.010
http://doi.org/10.1016/S1053-8100(03)00049-7
http://doi.org/10.1037/xhp0000669
http://www.ncbi.nlm.nih.gov/pubmed/31282695
http://doi.org/10.1167/17.6.20
http://www.ncbi.nlm.nih.gov/pubmed/28654965
http://doi.org/10.1167/18.12.3
http://doi.org/10.1167/19.12.22
http://doi.org/10.1057/s41262-017-0046-4
http://doi.org/10.1037/1076-898X.7.3.219
http://doi.org/10.1287/mksc.19.4.297.11794
http://doi.org/10.1002/acp.1389
http://www.ncbi.nlm.nih.gov/pubmed/19424446
http://doi.org/10.1037/0021-843X.115.2.231
http://doi.org/10.1037/0033-2909.124.3.372
http://www.ncbi.nlm.nih.gov/pubmed/9849112
http://doi.org/10.1037/0882-7974.21.3.448

Vision 2022, 6, 22 12 0of 12

36. Slattery, T.J.; Rayner, K. The Influence of Text Legibility on Eye Movements during Reading. Appl. Cogn. Psychol. 2010, 24,
1129-1148. [CrossRef]

37. Perfect, T.J.; Heatherley, S. Preference for Advertizements, Logos, and Names: Effects of Implicit Memory. Psychol. Rep. 1997, 80,
803-808. [CrossRef]

38. Seymour, PH.K. Order of Fixation Effects in Classification of Word-Shape Pairs. Q. . Exp. Psychol. 1970, 22, 440-449. [CrossRef]

39. Chuk, T,; Crookes, K.; Hayward, W.G.; Chan, A.B.; Hsiao, ].H. Hidden Markov Model Analysis Reveals the Advantage of Analytic
Eye Movement Patterns in Face Recognition across Cultures. Cognition 2017, 169, 102-117. [CrossRef]


http://doi.org/10.1002/acp.1623
http://doi.org/10.2466/pr0.1997.80.3.803
http://doi.org/10.1080/14640747008401917
http://doi.org/10.1016/j.cognition.2017.08.003

	Introduction 
	Materials and Methods 
	Participants 
	Apparatus 
	Stimuli and Procedure 
	Pilot Study 
	Main Study 


	Results 
	Preference Ratings 
	Response Times (RT) 
	Eye Movements 
	First Fixation Index 
	First Fixation Duration 
	Total Fixation Count 
	Total Dwell Time 


	Discussion 
	Conclusions 
	References

