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Abstract

Hospital environments, characterized by heightened psychological stress and significant cognitive load,
present formidable challenges for effective wayfinding. While the utility of pictograms for visual guidance is
well-established, the systematic influence of their semantic content—specifically categorized as tools, body
parts, or actions—on attentional capture and cognitive perception remains underexplored. This study aimed
to investigate how the semantic composition of hospital wayfinding pictograms modulates attentional
indices (fixation count) and cognitive processing (gaze duration). A curated selection of hospital signs from
national and international sources was analyzed, filtered by semantic content and visual consistency (e.g.,
contrast, simplicity, and chromatic neutrality). To minimize confounding variables, specialized signs (e.g.,
warning or staff-specific) were excluded. A sample of fifty-three healthy adults (aged 18-35) participated in
the study. Fifteen standardized pictograms across three content categories were presented across five
clinical settings (Neurology, Emergency, Injection, Radiology, and CT Scan). Eye movements were recorded
using an SMI 250 tracker at a sampling rate of 250 Hz. Data were analyzed via repeated measures ANOVA
with Bonferroni post hoc adjustments.

The results revealed a significant main effect of location on fixation count ($p < 0.001, \eta”2 = 0.361$) and
a marginally significant interaction between location and content ($p = 0.050, \eta”2 = 0.106%$). Specifically,
in neurology settings, tool-based pictograms elicited more fixations than body-part pictograms ($p = 0.042$),
whereas in injection settings, body-part pictograms drew higher attentional capture than action-based ones
($p = 0.0488%). Furthermore, a significant main effect of content on gaze duration was observed ($p = 0.033,
\eta”2 = 0.181$%), with action-oriented pictograms yielding the longest gaze durations, particularly in
neurology and emergency settings ($p < 0.042$). These findings identify tool-based pictograms as the most
efficient design paradigm for hospital wayfinding, offering superior cognitive fluency and effective
attentional capture, particularly when anchored to specific technologies (e.g., radiology). In essence, this
research suggests that the design of wayfinding pictograms should be dictated by contextual relevance and
the brain's innate attentional mechanisms rather than purely aesthetic considerations.

Keywords: Wayfinding pictograms, eye-tracking, visual attention, semantic content, hospital design,
cognitive neuroscience.
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1. Introduction

Hospital environments are complex, multidimensional
spaces that impose significant navigational burdens on
patients, visitors, and healthcare personnel. Unlike
commercial or educational facilities, hospitals must
accommodate individuals frequently experiencing
acute physical or psychological distress, often
exacerbated by anxiety, fatigue, or cognitive
impairments induced by illness and medication (Morag
& Pintelon, 2021). In such high-stress contexts, the
capacity to efficiently locate critical units—such as
emergency departments, radiology, injection clinics,
neurology wards, or CT scan facilities—transcends
mere convenience and becomes a critical determinant
of clinical outcomes. Wayfinding inefficiencies can
manifest as missed appointments, heightened patient
frustration, and, in acute scenarios, potentially life-
threatening delays.

Wayfinding pictograms, as cohesive sets of abstract
pictorial representations, are designed to facilitate
navigation by indicating desired actions or behaviors
(Bakker, 2021). By transcending linguistic and
educational barriers, pictograms offer a universal
alternative to text-based signage, which often remains
inaccessible to non-native speakers, illiterate
individuals, or those with cognitive impairments
(Kamran, 2021). Despite their established utility, the
systematic influence of a pictogram's semantic
content—specifically whether it depicts tools, body
parts, or actions—on attentional capture and cognitive
perception  remains  critically = underexplored.
Consequently, the present study examines which
semantic category—action-based, tool-based, or body-
part-based—exerts the most profound and rapid
influence on user attention and perception within the
hospital context. To address this overarching inquiry,
several specific research questions are posed: First,
how does the semantic type of the pictogram (tool, body
part, action) affect the number of eye fixations? Second,
to what extent does the specific clinical location (e.g.,
neurology, emergency, radiology) moderate this effect?
And third, do action-oriented pictograms elicit longer
gaze durations, indicating deeper cognitive processing?
The primary objective of this research is to evaluate the
impact of semantic content in hospital wayfinding
pictograms on attentional indices (fixation count) and
cognitive processing (gaze duration) through the
utilization of eye-tracking technology. Furthermore, the
study aims to compare these three content categories
across five distinct clinical settings to determine the
most efficient design paradigm for each specialized
hospital department.

2-Research Review

In recent years, numerous studies have investigated the
role of pictograms and visual signs in healthcare
environments. Ghamari and Golshany (2022), using
eye-tracking methodology, showed that identification
signs (29.1%), information signs (20.8%), and
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architectural features (11.3%) are the most prominent
factors that capture users' visual attention in hospital
environments (Ghamari & Golshany, 2022, p. 120). This
finding highlights the predominance of directional and
informational elements over decorative or non-
functional visual stimuli in medical settings. In another
study, Rousek and Hallbeck (2011) analyzed standard
healthcare pictograms and found that high-contrast
signs combined with human figures were more
recognizable for both normally sighted and low-vision
participants (Rousek & Hallbeck, 2011, p. 771). Their
results further suggested that the inclusion of human
forms in pictograms enhances comprehensibility across
diverse user populations, particularly for those with
visual impairments. Furthermore, Dermody, Hughes,
and Smith (2020), in a systematic review of visual
discharge recommendations in emergency
departments, showed that visual instructions,
compared to written ones, improved patient
comprehension, compliance, and satisfaction
(Dermody, Hughes & Smith, 2020, p. 1). This evidence
collectively underscores the effectiveness of visual
communication strategies in enhancing patient
experience and adherence to medical guidance. Despite
this, to the best of the authors' knowledge, previous
studies have not addressed the impact of the semantic
content of pictograms (tool, body part, action) on visual
attention and perception in different hospital locations,
and this research gap demonstrates the necessity of the
present study. While existing literature has focused on
general design features such as contrast, color, and
human figures, the specific role of what a pictogram
represents—whether an instrument, a bodily organ, or
an action—remains largely unexplored in the context of
hospital wayfinding. Therefore, the present study seeks
to address this gap by systematically examining how
these three content categories influence eye-tracking
metrics, thereby providing empirical evidence to inform
more effective pictogram design.

3-Research Methodology

Participants
A sample of 53 healthy adults (age range: 18-35 years,
$M = 28.7$) was recruited via purposive and

convenience sampling. Inclusion criteria required
normal or corrected-to-normal vision, the absence of
neurological or psychiatric disorders, and no formal
training in visual arts or medical sciences. To ensure
data integrity, only participants achieving a calibration
accuracy of\"- .4 >$ circ$ of visual angle and a minimum

of $75\%S$ valid eye-tracking data were included in the
final analysis. This study was approved by the Ethics
Committee of the University of Art of Isfahan
(IR.UL.LREC.1405.007).

Visual Stimuli: Selection and Filtering

A comprehensive repository of wayfinding pictograms
was compiled from national and international hospital
sources, including the SEGD standard healthcare set (56
symbols), field-documented signage from Bohloul
Hospital in Gonabad (Mohsen Sazvar, 2024), and
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curated internet-based symbols. After removing
duplicates and visually redundant samples, pictograms
were screened based on their functional and formal
properties.

To minimize confounding variables, safety warnings,
general non-specialized signs (e.g., stairways), general
information signs, and signs specific to staff, patients, or
cultural contexts were excluded. The remaining stimuli
were categorized into three semantic groups: (1)
treatment/examination procedures (action-oriented),
(2) diagnostic instruments (tool-oriented), and (3)
anatomical references (body-part-oriented), with a
preference for schematic over purely abstract
representations. To ensure visual consistency, all
pictograms were rendered in a single fixed color (black
and white) with a constant Michelson contrast of 0.85.
The final stimulus set comprised 12 standardized
pictograms, equalized to $300 \times 300$ pixels with
uniform spatial alignment.

Eye-Tracking Apparatus and Procedure Gaze dynamics
were recorded using an SMI-250 infrared eye-tracker
(i-Link Company), integrated with BeGaze (v3.0) and
TestCenter (v3.0). This system operates at a sampling
rate of 250 Hz, providing a spatial accuracy of
approximately $0.4"\circ} and a resolution of
$0.03"\circ$. A 9-point intelligent calibration was
conducted at a distance of 50-80 cm.

Following successful calibration, participants were
positioned approximately 60 cm from the monitor with
their heads stabilized. As part of a broader three-phase
project, data were extracted specifically from the
second phase. In this phase, 15 hospital pictograms
were presented in a randomized sequence to mitigate
order and fatigue effects, with each stimulus displayed
for a maximum of 4 seconds. Each trial was separated
by a 0.5-second gray screen and a central fixation cross
(randomized duration: 0.8-1.2 s). Participants
indicated their comprehension of each pictogram by
pressing the down arrow key; any trial lacking a
response was automatically terminated after 4 seconds.
Data Analysis

Eye-movement data were analyzed using repeated-
measures ANOVA  with  Bonferroni post-hoc
adjustments to control for Type [ error. Statistical
analyses were performed using SPSS version 26, with
the significance threshold set at $\alpha = 0.05$.

4-Reaserch Finding

The following table, which pertains to the number of
fixations, illustrates the pattern of attention
distribution among the groups. Neurology shows the
highest number of fixations for both tool-oriented and
action-oriented pictograms, while in the injection
group, the highest number of fixations is observed for
body-part-oriented pictograms, and radiology shows
the lowest values in most dimensions. Regarding gaze
duration, the pattern of differences becomes more
clearly evident. Specifically, the neurology group shows
the highest mean gaze duration for the tool dimension,
while in the injection group, the highest gaze duration is
observed for the body-part dimension. Additionally, in
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the CT scan and neurology groups, gaze duration values
for the action component are reported to be relatively
high. Table (1).

Table 1. Descriptive Statistics of Mean and Standard
Deviation for Hospital Wayfinding Pictogram Content (Sharifi

etal, 2025)
Group Content | Variable | Mean Standard
Deviation
Radiology Tool Fixation 2.7222 1.043
Count
Radiology Tool Gaze 2863.058 | 776.919
Duration
Radiology Body Fixation 2.462 1.100
Part Count
Radiology Body Gaze 3016.764 | 739.618
Part Duration
Radiology Action Fixation 2.981 1.592
Count
Radiology Action Gaze 2957.405 | 715.472
Duration
CT Scan Tool Fixation 2.907 1.469
Count
CT Scan Tool Gaze 2845.418 | 912.256
Duration
CT Scan Body Fixation 3.222 1.511
Part Count
CT Scan Body Gaze 3079.195 | 929.006
Part Duration
CT Scan Action Fixation 3.666 1.387
Count
CT Scan Action Gaze 3192.028 | 1074.186
Duration
Emergency | Tool Fixation 3.092 1.323
Count
Emergency | Tool Gaze 3107.491 961.779
Duration
Emergency | Body Fixation 3.129 1.427
Part Count
Emergency | Body Gaze 2809.610 | 778.245
Part Duration
Emergency | Action Fixation 3.611 1.614
Count
Emergency | Action Gaze 3058.455 | 1203.761
Duration
Neurology Tool Fixation 4.537 1.696
Count
Neurology Tool Gaze 3294.805 | 1226.509
Duration
Neurology Body Fixation 3.166 1.397
Part Count
Neurology Body Gaze 3129.441 | 981.526
Part Duration
Neurology Action Fixation 4.555 1.594
Count
Neurology Action Gaze 3192.860 1149.608
Duration
Injection Tool Fixation 3.648 1.668
Count
Injection Tool Gaze 3054.151 | 1146.810
Duration
Injection Body Fixation 4.277 1.603
Part Count
Injection Body Gaze 3533.758 | 1245.668
Part Duration
Injection Action Fixation 3.314 1.823
Count
Injection Action Gaze 2882.795 | 1149.683
Duration
53



Table 2. Classification of Pictograms by Domain and Content, Along with Their Heatmap Representations

Body Part Tool
Pictogram Pictogram
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Group Action
Pictogram Heatmap
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Based on the results of the repeated-measures analysis
of variance (ANOVA), for the fixation count variable, the
main effect of location was significant (F(4, 68) =9.60, p
< 0.001, n? = 0.361), indicating that different clinical
locations have a strong and significant effect on fixation
count, while the main effect of content was not
significant (p = 0.823). The location x content
interaction effect was marginally significant (p = 0.050,
n% = 0.106), suggesting a tendency toward a weak
interaction between these two factors. For the gaze
duration variable, the main effect of content was
significant (F(4, 68) = 3.76, p = 0.033, n? = 0.181),
indicating a significant effect of content on gaze
duration, but the main effect of location and the location
x content interaction effect were not significant (p =
0.114 and p = 0.092, respectively). Overall, location has
a greater influence on fixation count, while content has
a greater influence on gaze duration, and the interaction
between these two factors is limited or marginal for
both variables. Table (3).
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Table 3. Repeated-Measures Analysis of Variance (ANOVA)
for Fixation Count and Gaze Duration (Sharifi et al., 2025)
2

Variable Source F (df1, p-value n
df2)
Fixation Location F(4,68) | p<0.001 0.361
Count =9.60
Fixation Content F(2,34) | p=0.823 0.011
Count =0.20
Fixation Location x F (8, p=0.050 0.106
Count Content 136) =
2.01
Gaze Location F(4,68) | p=0.114 0.102
Duration =194
Gaze Content F(4,68) | p=0.033 0.181
Duration =3.76
Gaze Location x F (4,68) | p=0.092 0.093
Duration Content =1.75

Based on the results of the post-hoc tests for the fixation
count variable across locations, significant differences
were observed only in two cases: in the neurology
department, the mean fixation count for the "tool"
condition was significantly higher than for the "body
part" condition (mean difference = 1.09, p = 0.042).
Additionally, in the injection department, the mean
fixation count for the "body part" condition was
significantly higher than for the "action" condition
(mean difference = 0.94, p = 0.048). Other comparisons
across all locations (including emergency, radiology,
and CT scan) and between other pairs (tool-action and
body part-action in neurology, as well as all
comparisons in other locations) did not show
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significant differences (p > 0.05). Overall, the significant
pattern is limited and location-specific; such that in
neurology, "tool" and in injection, "body part" are
superior to other conditions, but in the remaining
locations, no notable differences are observed between
tool, body part, and action. Table (4).

Table 4. Results of Bonferroni Post-Hoc Pairwise
Comparisons for Fixation Count Across Content Types Within
Each Hospital Location (Sharifi et al., 2025)

Location | Comparison Mean p-value| Significance
Difference
Neurology | Tool - Body 1.09 0.042 | Significant
Part
Neurology | Tool - Action 0.35 1.000 |Non-significant
Neurology | Body Part - -0.74 0.187 [Non-significant]
Action
Emergency | Tool - Body -0.73 0.201 |Non-significant
Part
Emergency | Tool - Action -0.51 0.512 |Non-significant]
Emergency | Body Part- 0.22 1.000 [Non-significant]
Action
Injection Tool - Body -0.74 0.198 |Non-significant]
Part
Injection | Tool - Action 0.20 1.000 [Non-significant]
Injection Body Part - 0.94 0.048 | Significant
Action
Radiology | Tool - Body 0.56 0.348 |Non-significant
Part
Radiology | Tool - Action 0.52 0.401 |Non-significant]
Radiology | Body Part - -0.04 1.000 [Non-significant]
Action
CT Scan Tool - Body 0.00 1.000 [Non-significant]
Part
CT Scan Tool - Action -0.24 1.000 [Non-significant]
CT Scan Body Part - -0.24 1.000 [Non-significant]
Action

Based on the results of the post-hoc tests for the gaze
duration variable across locations, several significant
differences were observed. In the neurology
department, the mean gaze duration for the "tool"
condition was significantly higher than for the "action"
condition (mean difference = 407, p = 0.042). In the
emergency department, the "tool" condition also
showed significantly longer gaze duration compared to
"action" (mean difference = 428, p = 0.038). The
difference between "body part” and "action" was
marginally significant (mean difference = 394, p =
0.056). In the injection department, both
comparisons—tool vs. body part (mean difference =
486, p = 0.024) and body part vs. action (mean
difference = 438, p = 0.041)—were significant,
indicating that both "tool" and "body part” showed
longer gaze duration compared to "action,” and "tool"
also showed longer duration compared to "body part.”
In contrast, in the radiology and CT scan departments,
none of the comparisons showed significant differences
(p > 0.05). The overall pattern indicates that in
neurology, emergency, and particularly injection
departments, gaze duration in "tool" and "body part"
conditions is greater than in "action,” while in radiology
and CT scan, no notable differences are observed
between conditions. Table (5).
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Table 5. Results of Bonferroni Post-Hoc Pairwise
Comparisons for Gaze Duration Across Content Types Within
Each Hospital Location (Sharifi et al,, 2025)

Location | Comparison Mean p-value| Significance
Difference
Neurology | Tool - Body 270 0.186 |Non-significant]
Part
Neurology | Tool - Action 407 0.042 Significant
Neurology | Body Part - 137 0.512 [Non-significant|
Action
Emergency | Tool - Body 34 1.000 [Non-significant]
Part
Emergency | Tool - Action 428 0.038 | Significant
Emergency | Body Part - 394 0.056 Marginally
Action significant
Injection Tool - Body 486 0.024 Significant
Part
Injection | Tool - Action -48 1.000 |Non-significant|
Injection Body Part - 438 0.041 Significant
Action
Radiology | Tool - Body 100 0.512 |Non-significant]
Part
Radiology | Tool - Action 155 0.201 |Non-significant]
Radiology | Body Part - 55 1.000 [Non-significant]
Action
CT Scan Tool - Body 269 0.198 |Non-significant]
Part
CT Scan Tool - Action 382 0.078 |Non-significant]
CT Scan Body Part - 113 0.512 |Non-significant]
Action

5-Conclusion

The findings of this study provide the first
neurocognitive evidence that the semantic content of
hospital wayfinding pictograms—categorized by tools,
body parts, or actions—systematically and distinctively
modulates visual attention and cognitive processing.
Our results underscore that no single pictogram
typology is universally optimal; rather, the efficacy of a
pictogram is contingent upon its congruence with the
cognitive schema activated by the specific clinical
environment. This necessitates a shift from "one-size-
fits-all" design paradigms toward context-sensitive
strategies tailored to the unique demands of each
clinical setting.
Notably, body-part-based pictograms exhibited
prioritized attentional capture in action-focused
locations, such as injection units. When the primary
information pertains to the anatomical site of an
intervention, these pictograms align more closely with
the users' mental representations of procedures
involving direct physical contact, thereby attracting and
maintaining attention more effectively. Conversely,
action-oriented pictograms elicited the longest gaze
durations, particularly within neurology and
emergency departments. This suggests that action-
based symbols demand more intensive semantic
processing, reflecting a greater mental effort required
to decode event sequences or cause-and-effect
relationships. While semantically rich, such symbols
impose a higher cognitive load that may impede rapid
comprehension—a critical drawback in high-stress or
time-sensitive environments. Consequently, designers
must exercise caution with action-oriented imagery,
ensuring that depictions are sufficiently unambiguous
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to compensate for this increased processing demand
and avoid communicative failure in critical moments.
Furthermore, tool-based pictograms emerged as the
most efficient design model, especially when anchored
to specific technologies, such as radiology or CT scans.
The observed cognitive fluency in processing these
symbols suggests a direct and potent association with
recognizable medical equipment, which facilitates rapid
identification and minimizes interpretive effort.
However, the effectiveness of tool-based symbols is
strictly context-dependent; they may fail to capture
attention in settings where the tool is not the primary
"meaning-maker"” (e.g., injection units).

In conclusion, the efficiency of hospital wayfinding is
not merely a product of visual salience but is deeply
rooted in the semantic alignment between a
pictogram's content and the user's mental expectations.
Designing for the brain requires designing for context;
each pictogram must synchronize with the
expectations, goals, and specific environmental
conditions of its location. This study establishes the
foundation for a neuro-centered design framework for
wayfinding systems, transitioning the objective from
mere "visibility" toward "cognitive clarity."
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