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Abstract- Visual hierarchy is one of the foundational
principles of graphic design, determining how viewers
organize, prioritize, and recall visual information.
Despite its central role in communication design, the
cognitive and behavioral mechanisms through which
visual hierarchy affects human attention and memory
remain incompletely understood, particularly in the
context of animation and visual effects education. This
study investigates the effect of visual hierarchy —
operationalized through typographic weight, color
contrast, spatial scale, and whitespace — on user
attention capture and information retention, using a
Quantitative Experimental Research Method with a
Between-Subjects Design, supported by A/B Testing.
Sixty participants drawn from design-educated and
general audiences were randomly assigned to one of two
experimental conditions: Group A, exposed to a high-
hierarchy graphic design composition, and Group B,
exposed to a low-hierarchy composition presenting
identical informational content. Attention was measured
through timed gaze direction tasks and self-report
orientation speed ratings; information retention was
assessed through immediate and delayed recall tasks
administered at zero and 24 hours post-exposure
respectively.

Quantitative findings indicate that participants in the
high-hierarchy condition outperformed those in the low-
hierarchy condition across all measured outcomes. Mean
immediate recall scores were 4.7/6 for Group A versus
2.9/6 for Group B (p <0.001, Cohen's d =1.32), indicating
a large effect. Orientation speed, measured as time-to-
first-correct-fixation, was 38% faster in the high-
hierarchy group. Delayed recall at 24 hours showed a
similar pattern, with Group A retaining 71% of correctly
identified elements compared to 43% for Group B. These
findings demonstrate that intentional visual hierarchy
substantially improves both the speed and quality of

information processing and long-term memory
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consolidation in graphic design contexts. Practical
implications for educators, animators, and visual
communication designers are discussed, along with
recommendations for future experimental research.
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I.  INTRODUCTION

.1 Background of the Study

Design is, at its core, an act of communication.
Whether in a poster, a web interface, an animated title
sequence, or an infographic, designers make hundreds
of compositional decisions that collectively determine
how their audience will perceive, navigate, and
remember information. Among all the principles that
govern effective visual communication, visual
hierarchy stands as perhaps the most fundamental: it
determines not just what a viewer sees, but in what
order they see it, how long they dwell on each element,

and what they ultimately carry away in memory.

Visual hierarchy can be understood as the deliberate
structuring of visual elements along axes of
importance, guiding the viewer's eye through a
composition in a purposeful sequence. It is achieved
through a range of design variables — size, weight,
color, contrast, positioning, and whitespace — each of
which signals to the visual system the relative
importance of different pieces of information. A bold
headline in a large typeface tells the brain: start here.
A high-contrast call-to-action button on a neutral
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background says: this is what matters. A generous
margin around a key statistic declares: attend to this.

Despite its central role in graphic design practice, visual
hierarchy has received surprisingly uneven attention in
empirical research. The majority of existing studies on
visual attention and design focus narrowly on web
usability, advertising effectiveness, or eye-tracking in
controlled laboratory settings. Far fewer studies have
applied rigorous experimental methods to examine the
cognitive mechanisms through which visual hierarchy
operates across diverse graphic design contexts,
including those most relevant to animation, visual
effects, and multimedia communication.

This study was conceived to address this gap. By
applying a quantitative experimental methodology —
specifically a between-subjects A/B testing design —
to the study of visual hierarchy, this research generates
measurable, comparable, and reproducible evidence
about the relationship between hierarchical design
choices and viewer outcomes. It does so in the context
of a student population at the School of Film and
Media, bringing together perspectives from design
education, cognitive psychology, and communication
research.

1.2 Statement of the Problem

Graphic designers, animators, and visual effects artists
routinely make decisions about visual hierarchy
without access to empirical evidence about how those
decisions affect their audiences. Design education
tends to rely heavily on canonical rules and aesthetic
conventions rather than behavioral data, leaving
practitioners uncertain about whether their hierarchical
choices are actually producing the attentional and
mnemonic effects they intend.

This uncertainty has real consequences. In animation
and VFX production, where a single title card or
motion graphic must communicate critical information
in seconds, poor hierarchical design can cause viewers
to miss key information entirely. In interface design,
poorly structured visual layouts contribute to user
error, frustration, and abandonment. In educational
materials, weak visual hierarchy can impair
comprehension and retention. Despite these stakes, the
question of precisely how and how much visual
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hierarchy affects attention and retention has not been
systematically investigated in experimental settings
that reflect the conditions of contemporary graphic
design practice.

[.3  Research Objectives

This study pursues four primary objectives:

Objective 1: To measure and compare the speed and
accuracy of attention capture in viewers exposed to
high-hierarchy versus low-hierarchy graphic design
compositions through an A/B between-subjects
experimental design.

Objective 2: To assess and compare immediate
information retention in the two experimental groups
using standardized recall tasks administered
immediately after stimulus exposure.

Objective 3: To assess and compare delayed
information retention in the two experimental groups
through recall tasks administered 24 hours after
stimulus exposure.

Objective 4: To examine the moderating role of design
literacy on the effect of visual hierarchy on attention
and retention outcomes.

1.4 Research Questions and Hypotheses

This study is guided by the following primary research
question: Does the degree of visual hierarchy in a
graphic design composition significantly affect viewer
attention capture and information retention?

Four specific hypotheses are tested:

HI1 (Attention Speed): Participants exposed to the
high-hierarchy design (Group A) will demonstrate
significantly faster attention orientation than
participants exposed to the low-hierarchy design
(Group B).

H2 (Immediate Recall): Group A will achieve
significantly higher scores on the immediate recall task
than Group B.

H3 (Delayed Recall): Group A will achieve
significantly higher scores on the 24-hour delayed
recall task than Group B.

H4 (Moderation): The effect of visual hierarchy on
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recall will be significantly moderated by design
literacy, with design-educated participants showing
stronger effects than general audience participants.

Each hypothesis is tested at a = 0.05 using
independent-samples t-tests and moderation analysis,
as described in the methodology section.

L5 Significance of the Study

This research makes several contributions to both
academic scholarship and professional design practice.
Methodologically, it demonstrates the application of
rigorous experimental design

— specifically between-subjects A/B testing —
to a domain that has historically relied on
observational and interpretive methods. This
methodological contribution serves as a model for
future empirical research in design studies.

Substantively, the findings provide practitioners in
graphic design, animation, VFX, and UX design with
evidence-based guidance about which hierarchical
design choices most powerfully affect audience
attention and retention. For design educators, the study
offers empirically grounded principles that can inform
curriculum development and critique frameworks. For
the broader field of communication design, it advances
our understanding of the cognitive mechanisms
through which visual organization shapes human
experience of information.

1.6 Scope and Limitations

This study is delimited to still graphic design
compositions presented on digital screens under
controlled experimental conditions. The stimuli do not
include animated or motion-based sequences,
interactive interfaces, or print materials, each of which
may operate under different attentional and mnemonic
dynamics. The sample is drawn from a single university
context in Pune, India, and findings may not generalize
to other cultural, educational, or demographic
populations. Additionally, attention is operationalized
primarily through self-report orientation speed and
recall task performance rather than direct eye-tracking,
which represents a methodological limitation that
future studies with hardware access could address.
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II. LITERATURE REVIEW

II.1 Visual Hierarchy: Theoretical Foundations

The concept of visual hierarchy has deep roots in both
design theory and perceptual science. Arnheim (1974),
in his landmark work Art and Visual Perception,
argued that the human perceptual system is not passive
but actively seeks structure and organization in the
visual field, attending preferentially to elements that
stand out from their surroundings through contrast,
scale, or position. This insight laid the groundwork for
understanding visual hierarchy as a design principle
aligned with fundamental properties of human
perception.

Lidwell, Holden, and Butler (2010) provide one of the
most influential contemporary formulations of visual
hierarchy in their Universal Principles of Design,
defining it as the arrangement and presentation of
elements in a way that implies importance. They
identify size, color, contrast, typography, and spatial
position as the primary cues through which hierarchy
is communicated. Their framework draws on both
aesthetic tradition and empirical evidence from
cognitive science to argue that clear hierarchical
organization improves usability, comprehension, and
satisfaction in visual design.

In the specific context of typography — one of the
most powerful tools of visual hierarchy

— the work of Bringhurst (2004) in The Elements of
Typographic Style establishes a set of hierarchical
principles governing typeface selection, weight
variation, size progression, and spacing that have
become canonical in design education. Bringhurst's
argument that typography should function as 'an act of
obedience to the text' reflects the broader principle that
visual hierarchy must serve communicative function
rather than aesthetic impulse alone.

.2 Gestalt
Organization

Principles and  Perceptual

The theoretical backbone of visual hierarchy lies in
Gestalt psychology, which emerged in early twentieth-
century Germany through the work of Max
Wertheimer, Wolfgang Kohler, and Kurt Koffka. The
Gestalt school proposed that human perception is
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governed by a set of organizing principles —
proximity, similarity, closure, continuity, and figure-
ground — through which the visual system
automatically groups elements into coherent structures.
These principles are directly relevant to visual
hierarchy because they determine how viewers
spontaneously organize a visual field and which
elements they perceive as primary.

The figure-ground principle is particularly central to
hierarchical design: elements that stand out from their
background through contrast or isolation are perceived
as figures — primary and important — while less
differentiated eclements recede into the ground.
Designers exploit this principle constantly in creating
visual hierarchies, using contrast, scale, and
whitespace to push certain elements forward as figures
and others backward as context.

Rock and Palmer (1990) updated the Gestalt
framework  with  neuropsychological evidence
demonstrating that figure-ground organization occurs
early in visual processing, within the first 100-200
milliseconds of exposure, before conscious attention is
directed. This finding has important implications for
design: it means that visual hierarchy can operate at a
pre-attentive level, shaping perception before the
viewer has made any deliberate choice about where to
look.

1.3 Attention Mechanisms in Visual Design

Human visual attention operates through two broadly
distinct systems: bottom-up, stimulus-driven attention,
which is automatically captured by salient features of
the visual field such as high contrast, unusual size, or
motion; and top-down, goal-directed attention, which
is consciously deployed in service of the viewer's
current task or interest. Visual hierarchy in design
works by exploiting both systems: high-contrast, large-
scale elements capture Dbottom-up attention
automatically, while logical organizational structures
support top-down navigation through a composition.

Treisman and Gelade's (1980) feature integration
theory established that basic visual features —
including color, orientation, and size — are processed
in parallel across the visual field in a pre-attentive
stage, with distinctive combinations of features
captured by focused attention. This model predicts that
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design elements with unique or extreme feature values
— ared element in a blue-green field, a large headline
amid small body text — will automatically capture
attention, consistent with the goals of visual hierarchy.

Eye-tracking research has provided direct behavioral
evidence for the influence of design organization on
attention patterns. Nielsen and Pernice's (2010) large-
scale eye-tracking study of web users documented two
dominant gaze patterns — the F-pattern, in which
attention is concentrated along the top and left edges
of a layout, and the Z-pattern, which follows a
diagonal scanning path — demonstrating that
attention is systematically structured by layout and
not uniformly distributed. Compositions that align key
information with these natural gaze patterns are
processed more efficiently.

In motion design and animation, temporal hierarchy
adds another dimension to the analysis of attention.
Research by Ware (2004) in Information Visualization
demonstrates that motion and temporal contrast are
among the most powerful triggers of the human visual
attention system, capable of capturing attention even
in peripheral vision. This finding has direct
implications for animation and VFX designers whose
work must manage viewer attention across both spatial
and temporal dimensions simultaneously.

14 Dual Coding Theory and Visual Memory

The relationship between visual design and memory is
best understood through Paivio's (1986) dual coding
theory, which proposes that the human cognitive
system has two distinct and partially independent
channels for encoding and retrieving information: a
verbal channel, which processes and stores language-
based information, and a non-verbal channel, which
processes and stores visual and imagistic information.
Information that is encoded in both channels
simultaneously — for example, a fact presented both as
text and as a supporting visual element — is encoded
with greater redundancy and is therefore more easily
retrieved from long-term memory.

Dual coding theory has substantial implications for
graphic design. When a visual hierarchy reinforces the
verbal message of a design — for example, by using a
distinctive visual treatment to mark the most important
claim — it creates a dual-encoded memory trace that
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is stronger and more durable than either visual or
verbal encoding alone. Conversely, designs that
present visual and verbal information without
coordination — or that use visual treatments
inconsistently — may actually impair memory by
creating competing or confusing encoding pathways.

Mayer's (2009) cognitive theory of multimedia
learning extends dual coding to educational design,
arguing that well-organized visual presentations
reduce extranecous cognitive load and enhance
meaningful learning. Mayer's coherence principle
holds that removing irrelevant material from a design
improves learning outcomes, and his signaling
principle holds that cues that highlight the
organization and structure of a presentation —
essentially, visual hierarchy — improve both
comprehension and retention. These principles have
been validated across dozens of experimental studies in
educational psychology, providing strong empirical
support for the role of visual organization in memory.

1.5 Cognitive Load Theory and Design
Complexity

Sweller's (1988) cognitive load theory offers a
complementary perspective on the relationship
between design organization and retention. The theory
proposes that working memory

— the cognitive workspace in which information
is actively processed — has a strictly limited capacity.
When design presents information in a disorganized or
hierarchically undifferentiated way, viewers must
expend cognitive resources on organizational tasks
(determining what is important, how elements relate to
each other) that could otherwise be devoted to
comprehension and encoding. This extraneous
cognitive load reduces the capacity available for
learning, impairing both immediate comprehension
and long-term retention.

Kalyuga et al. (2003) demonstrated through a series of
experiments that design features that reduce the need
for mental integration of information — essentially,
features that do the organizational work for the viewer,
as visual hierarchy does — consistently improve
performance on learning and comprehension tasks.
This body of research provides direct experimental
support for the hypothesis that high-hierarchy designs
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will outperform low-hierarchy designs on retention
measures.

More recent cognitive neuroscience research has
added to this picture. Cowan (2010) demonstrated that
visual working memory capacity is tightly limited to
approximately three to four chunks of information, and
that this capacity can be maximized by presenting
information in a clearly structured format that
minimizes the need for organizational processing.
Visual hierarchy, by pre-organizing information and
signaling its structure to the viewer, effectively
reduces the cognitive cost of comprehension and
leaves more working memory capacity available for
encoding.

1.6 A/B Testing in Design Research

A/B testing — the experimental comparison of two
versions of a design stimulus (Version A and Version
B) using randomly assigned participant groups — has
become a standard tool in UX research, digital
marketing, and product design for generating causal
evidence about the effect of specific design choices on
user behavior. Unlike observational or correlational
methods, A/B testing with random assignment allows
researchers to draw causal inferences about the effect
of design variables, controlling for individual
differences through randomization.

In academic research, the A/B testing framework
corresponds to the between-subjects experimental
design, a well-established approach in experimental
psychology in which different participants are
randomly assigned to different experimental
conditions. The key advantage of between-subjects
design over within-subjects designs (in which the
same participant experiences both conditions) is the
elimination of order effects and carryover — problems
that are particularly relevant in design research, where
exposure to one design condition can influence how a
viewer responds to a subsequent one.

Several recent studies have applied A/B testing
methodology to questions of design effectiveness.
Reinecke and Gajos (2014) used a large-scale A/B
testing platform to demonstrate significant cross-
cultural variation in aesthetic preferences and usability
judgments, highlighting the importance of participant
characteristics as moderating variables in design
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research. Their methodological approach —
randomized assignment, standardized stimuli, and
quantitative outcome measurement — closely informs
the design of the present study.

1.7 Research Gaps

The existing literature on visual hierarchy, attention,
and retention is rich but fragmented. Studies in
cognitive psychology typically use stimuli that bear
little resemblance to real-world graphic design
compositions; studies in design research often lack the
experimental rigor necessary to establish causal
relationships. Few studies have applied between-
subjects experimental methodology with A/B testing
to the specific question of how visual hierarchy — as
a composite set of design variables including
typography, color, and spatial arrangement — affects
both immediate and delayed retention in graphic
design audiences. The present study is designed to fill
this gap by combining experimental rigor with
ecologically valid stimuli drawn from real-world
graphic design contexts relevant to animation and
visual communication education.

III. RESEARCH METHODOLOGY

1.1 Research Design

This study employs a Quantitative Experimental
Research Method with a Between-Subjects Design,
supported by A/B Testing. This design was selected
because the research objective requires causal
inference — that is, the ability to attribute differences
in attention and retention outcomes directly to the
experimental manipulation of visual hierarchy, rather
than to pre-existing differences between participants
or to the effects of exposure to multiple conditions.
Random assignment of participants to conditions, the
defining feature of experimental design, achieves this
by distributing individual differences (prior design
knowledge, general memory ability, visual acuity)
evenly across groups in expectation.

The between-subjects structure means that each
participant is exposed to only one version of the
stimulus material — either the high-hierarchy
composition (Version A) or the low-hierarchy
composition (Version B). This eliminates the risk of
carryover effects that would arise in a within-subjects
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design, in which a participant's response to the second
condition might be influenced by learning, contrast
effects, or fatigue from the first. For a study examining
memory retention — where exposure to one stimulus
necessarily affects the viewer's cognitive state — the
between-subjects design is particularly appropriate.

The A/B testing framework operationalizes this design
by creating two carefully matched stimulus conditions
(Version A: high visual hierarchy; Version B: low
visual hierarchy) that are identical in informational
content but differ systematically in the hierarchical
organization of their visual elements. All other design
variables — color palette, content, medium, and
presentation duration — are held constant between
conditions. This ensures that any observed differences
in outcomes can be attributed to the hierarchical
manipulation rather than to confounding design
variables.

1.2 Between-Subjects Experimental Framework
The Dbetween-subjects experimental framework
involves the following logical structure. The
independent variable is the level of visual hierarchy in
the graphic design stimulus, operationalized as a
categorical variable with two levels: high hierarchy
(Version A) and low hierarchy (Version B). The
dependent variables are: (1) attention capture speed,
measured as the time in seconds for a participant to
correctly identify and point to the most important
element in the composition; (2) immediate recall
accuracy, measured as the number of target
informational elements correctly recalled immediately
after stimulus removal; and (3) delayed recall
accuracy, measured as the number of target elements
correctly recalled 24 hours after stimulus exposure.

The moderating variable is design literacy,
operationalized as a binary variable: design-educated
participants (those enrolled in or graduated from a
design-related academic program) and general
audience participants (those with no formal design
training). Inclusion of this moderator allows the study
to examine whether the effect of visual hierarchy
differs in magnitude between audiences with and
without design training, a question with both
theoretical and practical significance.

Participants were randomly assigned to conditions
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using a stratified randomization procedure that
ensured equal representation of design-educated and
general audience participants in each group. This
stratified approach preserves the ability to conduct the
planned moderation analysis while maintaining the
causal validity of the between-subjects design.

1.3 A/B Testing Protocol

The A/B testing protocol was developed following
established best practices in experimental design
research (Kohavi et al., 2020). Two versions of a
graphic design composition were created as the
experimental stimuli:

Version A (High Hierarchy): A graphic design
infographic presenting six informational points about
visual design principles, structured with a clear three-
level typographic hierarchy (headline at 48pt bold,
subheadings at 24pt medium, body text at 14pt
regular), high color contrast (dark navy text on white
background with a single vivid accent color marking
key data points), progressive size differentiation
across information levels, and strategic whitespace
separating major sections.

Version B (Low Hierarchy): An otherwise identical
infographic presenting the same six informational
points with minimal hierarchical differentiation — all
text rendered at uniform 16pt weight without bold or
size variation, a monochromatic gray-and-white
color palette with no contrast accents, information
arranged in a uniform grid without size or emphasis
variation, and no strategic whitespace differentiation
between sections.

Both versions were designed by the same designer,
reviewed by a panel of two experienced design
professionals for fidelity to the experimental
specification, and pilot-tested with a group of five
participants not included in the main study to verify
that the manipulation was effective and the task
instructions were clear. Pilot testing confirmed that

Version A was rated significantly more hierarchically
organized than Version B on a manipulation check
scale.

All participants viewed their assigned stimulus version
on a standardized 24-inch display at a viewing
distance of approximately 60 centimeters under
consistent lighting conditions. Stimulus exposure
duration was fixed at 30 seconds, timed by the
researcher, with the stimulus then removed before
recall tasks were administered.

I11.4 Participants and Sampling

A total of 60 participants were recruited for this study
through purposive convenience sampling from
Ajeenkya D Y Patil University's School of Film and
Media and through an open call to general audience
volunteers in the university community. The sample
was composed as follows: 35 design-educated
participants (students enrolled in animation, VFX,
film making, or game art and design programs) and 25
general audience participants (students from non-
design programs or community members with no
formal design training). The mean age of participants
was 21.4 years (SD = 2.3), ranging from 18 to 31
years. The sample was 52% male and 48% female. All
participants reported normal or corrected-to-normal
vision and no history of color vision deficiency.

Power analysis conducted prior to data collection
using G*Power 3.1 (Faul et al., 2007) indicated that a
sample of 60 participants (30 per group) was sufficient
to detect a medium-to-large effect size (Cohen's d >
0.70) with 80% statistical power at a = 0.05, a
conservative estimate consistent with the effect sizes
reported in related literature (Pieters & Wedel, 2004).
Participants were randomly assigned to conditions
using a stratified randomization procedure, resulting in
30 participants in Version A (Group A) and 30
participants in Version B (Group B). Each group
included 17 or 18 design-educated and 12 or 13
general audience participants.

Table 1: Participant Demographic Distribution by Group

Characteristic Group A (High Hierarchy)
n 30
Design-educated 18
General audience 12
Mean age (years) 21.2 (SD=2.1)
% Female 50%
LJIRT 200808

roup B (Low Hierarchy) Total
30 60
17 35
13 25
21.6 (SD=2.5) 21.4 (SD=2.3)
47% 48%
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II1.5 Stimuli Design

The two stimulus compositions (Version A and
Version B) were designed in Adobe Illustrator and
exported as high-resolution PNG files (1920 x 1080
pixels) for display on screen. Both compositions
presented an identical set of six informational points
about principles of effective visual communication,
drawn from a standard design reference. The
informational content was carefully controlled to be
equivalent in length, complexity, and prior familiarity
across the two versions, verified through a content
equivalence check with three expert reviewers who
confirmed that the information was identical and
equally unfamiliar to a general audience.

Version A incorporated the following hierarchical
design features: a three-level typographic hierarchy
(primary headline, secondary subheadings, tertiary
body text) with clear differentiation in size (48pt/ 24pt
/ 14pt) and weight (bold / medium / regular); a high-
contrast color scheme with navy blue body text on
white, and a single vivid orange accent color applied
exclusively to key data points; a compositional
structure organizing information in a Z-pattern layout
aligned with natural reading behavior; and generous
whitespace (minimum 40px) separating major content
sections. Version B presented the same content with
all text set in a uniform 16pt regular weight, a
monochromatic gray-on-white palette with no accent
colors, a uniform grid layout with equal spacing
between all elements regardless of their informational
importance, and minimal whitespace differentiation.

1I1.6 Instruments and Measurement

Three measurement instruments were used to assess
the dependent variables:

Attention Capture Speed: Participants were asked to
look at the composition for 30 seconds and then,
immediately upon its removal, to verbally indicate
which element they had noticed first. The researcher
recorded the time from stimulus removal to correct
verbal identification. Additionally, participants rated
their orientation speed on a five-point Likert scale ('1
immediately knew where to look' = 5; 'l was unsure
where to look throughout' = 1).

Immediate Recall Task: Immediately after viewing the
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stimulus, participants were presented with a
standardized recall questionnaire containing six open-
ended questions, one for each informational point
presented in the composition. Responses were scored
by two independent raters using a pre-established
scoring rubric (correct = 1, partially correct = 0.5,
incorrect = 0), with inter-rater reliability assessed
through Cohen's kappa (x = 0.88, indicating strong
agreement). The maximum possible score on this task
was 6.

Delayed Recall Task: The same six-question recall
questionnaire was re-administered to all participants
via email 24 hours after the experimental session, with
responses submitted through an online form. The same
scoring rubric was applied.

Design Literacy Screening: A five-item questionnaire
assessed participants' formal design education, years of
design study, and self-rated design knowledge.
Responses were used to classify participants as design-
educated or general audience for the moderation
analysis.

111.7 Procedure

All experimental sessions were conducted individually
in a quiet, standardized testing room at the School of
Film and Media. Upon arrival, each participant
provided informed consent, completed the design
literacy screening questionnaire, and received
standardized task instructions. Participants were then
seated 60 centimeters from the display and informed
that they would view an image for 30 seconds before
completing a questionnaire. No mention was made of a
later recall task to avoid strategic encoding effects.

After stimulus exposure, the researcher removed the
stimulus from the display and immediately
administered the attention capture speed task,
followed by the immediate recall questionnaire. The
total session duration was approximately 15-20
minutes per participant. The delayed recall
questionnaire link was emailed to participants
immediately following their session and completed at
the 24-hour mark. Participants who did not complete
the delayed recall task (n = 3) were excluded from the
delayed recall analysis but retained in the immediate
recall and attention analyses.
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1.8 Statistical Analysis Plan

All quantitative data were analyzed using SPSS
Version 28.0. Descriptive statistics (means, standard
deviations, frequency distributions) were computed
for all variables. The primary hypotheses (H1, H2, H3)
tested using independent-samples t-tests
comparing Group A and Group B on each dependent
variable. Effect sizes were calculated using Cohen's d,
with values of 0.2, 0.5, and 0.8 representing small,
medium, and large effects respectively.

were

Hypothesis 4 (moderation) was tested using a two-way
ANOVA with experimental group (A vs. B) and
design literacy (design-educated vs. general audience)
as between-subjects factors and the interaction term
(Group x Design Literacy) as the moderation term.
Significance was assessed at o = 0.05 for all tests.
Assumptions of normality (Shapiro-Wilk test) and
homogeneity of variance (Levene's test) were checked
prior to analysis; both were met for all dependent
variables.

I11.9 Ethical Considerations

This study was conducted in accordance with the
ethical guidelines of Ajeenkya D Y Patil University
and the principles of the Declaration of Helsinki

regarding research with human participants. All
participants provided written informed consent prior
to participation and were fully debriefed about the
study's purpose upon completion of the delayed recall
task. Participants were informed of their right to
withdraw at any time without consequence. All data
were collected anonymously and stored securely in a
password-protected digital repository accessible only
to the research team. No deception was used beyond
the omission of the delayed recall task from initial
instructions, which was judged to be minimal and was
fully disclosed in the debriefing.

IV. Data Analysis and Findings

Iv.l Descriptive Statistics

Table 2 presents the descriptive statistics for all
dependent variables by experimental group. Across all
three outcome measures, Group A (high hierarchy)
demonstrated consistently higher performance than
Group B (low hierarchy). The descriptive pattern of
results is consistent with all four hypotheses and
indicates that visual hierarchy produced substantial
improvements in attention and retention across all
operationalizations of these constructs.

Table 2: Descriptive Statistics for Dependent Variables by Group

Measure Group A Mean Group A SD  Group B Mean Group B SD Difference
Orientation Speed (self-report, /5) 431 0.62 2.84 0.79 +1.47
Time-to-Identify (seconds) 4.2 1.1 6.7 1.8 -25s
Immediate Recall (/6) 4.71 0.83 2.93 1.02 +1.78
Delayed Recall (/6, n=57) 3.84 091 2.21 1.09 +1.63

v.2 Attention Capture: Orientation Speed Results

Hypothesis 1 predicted that Group A participants
would demonstrate significantly faster attention
orientation than Group B participants. This hypothesis
was strongly supported. On the self-report orientation
speed scale (1-5), Group A achieved a mean of 4.31
(SD = 0.62) compared to Group B's mean of 2.84 (SD
= 0.79), a difference of 1.47 scale points. An
independent-samples t-test confirmed that this
difference was statistically significant: t(58) = 8.19, p
<0.001, Cohen's d

=2.11, indicating an exceptionally large effect size.
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The behavioral measure of orientation speed — time
in seconds from stimulus removal to correct verbal
identification of the first-noticed element — showed a
similar pattern. Group A participants identified their
first-noticed element in a mean of 4.2 seconds (SD =
1.1), compared to 6.7 seconds (SD = 1.8) for Group B
participants: t(58) = 6.58, p <0.001, Cohen's d = 1.70.
Group A was 38% faster in orienting attention than
Group B, representing a practically as well as
statistically meaningful advantage.

Qualitative examination of the elements that
participants identified as first-noticed revealed a
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striking difference between conditions. In Group A,
87% of participants identified the headline or primary
typographic element as the first element they noticed,
consistent with the hierarchical design intention. In
Group B, first-noticed elements were distributed across

six different elements, with no single element
identified by more than 28% of participants, reflecting
the absence of a clear hierarchy in the low-hierarchy
composition.

Table 3: Hypothesis Testing Summary for Attention and Recall Outcomes

Hypothesis Group A Mean
H1: Orientation Speed (self-report) 431
H2: Immediate Recall (/6) 4.71
H3: Delayed Recall (/6) 3.84

V.3 Immediate Recall Results

Hypothesis 2 predicted that Group A would achieve
significantly higher scores on the immediate recall
task than Group B. This hypothesis was confirmed.
Group A participants correctly recalled a mean of 4.71
of the six target informational elements (SD = 0.83),
representing 78.5% accuracy. Group B participants
correctly recalled a mean of 2.93 elements (SD =
1.02), representing 48.8% accuracy. The difference of
1.78 elements was statistically significant: t(58) =7.54,
p < 0.001, Cohen's d = 1.32, a large effect by
conventional standards.

Analysis of recall patterns by informational element
revealed that the advantage for Group A was not
distributed uniformly across all six elements. The
elements most strongly advantaged by the high-
hierarchy design were those given the greatest
hierarchical prominence — the headline element and
the two elements marked with the accent color —
which were recalled correctly by 93%, 90%, and 87%
of Group A participants respectively, compared to
57%, 53%, and 50% of Group B participants. Elements
presented in body text with no hierarchical
differentiation showed smaller but still significant
group differences, suggesting that the benefit of high
hierarchy extends beyond the most prominently
marked elements to the overall composition.

v.4 Delayed Recall Results (24-Hour)

Hypothesis 3 predicted that Group A would maintain
a significant recall advantage over Group B at 24
hours. This hypothesis was confirmed. Three
participants (one from Group A, two from Group B)
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Group B Mean t-value  p-value Cohen's d
2.84 8.19 <0.001 2.11 (Very Large)
2.93 7.54 <0.001 1.32 (Large)
221 6.21 <0.001 1.18 (Large)

did not complete the delayed recall questionnaire,
leaving n = 57 for this analysis. Among completers,
Group A recalled a mean of 3.84 elements (SD =0.91)
compared to 2.21 for Group B (SD = 1.09): t(55) =
6.21, p <0.001, Cohen's d = 1.18, again a large effect.

Examination of retention rates — the proportion of
immediately recalled information retained at 24 hours
— revealed an additional finding of theoretical
interest. Group A retained 81.5% of their immediately
recalled information (from 4.71 to 3.84), while Group
B retained only 75.4% (from 2.93 to 2.21). While this
difference in retention rates was smaller and only
marginally significant (t(55) = 1.98, p = 0.052), it
suggests that high-hierarchy designs may not only
improve the amount of information initially encoded
but also the durability of those memory traces over
time — a finding consistent with dual coding theory's
prediction that richer encoding leads to more robust
long-term memory.

Iv.s Typography and Recall: Sub-analysis

A planned sub-analysis examined the relationship
between specific typographic hierarchy features and
recall accuracy. Participants in Group A rated
typographic differentiation (bold headlines, size
variation) as the most helpful aspect of the design for
orientation and recall (mean helpfulness rating =
4.52/5), followed by color contrast (4.31/5) and
whitespace (3.87/5). These ratings were significantly
correlated with individual recall scores: typographic
differentiation ratings correlated with recall scores at r
= 0.63 (p < 0.001), color contrast at r = 0.58 (p <
0.001), and whitespace at r = 0.41 (p < 0.05).
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In Group B, where typographic variation was minimal,
participants who had higher baseline design literacy
showed slightly better recall (r = 0.38, p < 0.05 within
Group B), suggesting that design-educated viewers
were able to partially compensate for the absence of
hierarchical cues through top-down organizational
strategies. This finding foreshadows the moderation
results reported in Section 4.7.

V.6 Color Contrast and Gaze Direction

Color contrast emerged as a powerful driver of initial
gaze direction in Group A. Among participants who
reported the headline or primary element as their first-
noticed element (87% of Group A), 68% specifically
mentioned the high-contrast color treatment as the
reason for their initial gaze direction. In Group B, only
22% of participants reported color as a factor in their
gaze direction, with the majority (64%) indicating
uncertainty or confusion about where to direct their
attention first.

Self-report ratings of the design's clarity and
navigability showed a large group difference, with
Group A rating the composition as significantly clearer
(mean = 4.43/5) than Group B (mean

= 2.61/5): t(58) = 10.32, p < 0.001. Qualitative
comments from Group B participants frequently
referenced feeling 'overwhelmed,' 'unsure where to
start,' and 'confused by the sameness of everything,'
echoing Sweller's (1988) description of extraneous
cognitive load produced by organizational ambiguity.

Iv.7 Effect of Design Literacy on Outcomes

Hypothesis 4 predicted that design literacy would
moderate the effect of visual hierarchy on recall, with
design-educated participants showing stronger effects.
A two-way ANOVA was conducted with
experimental group (A vs. B) and design literacy
(design-educated vs. general audience) as factors.
Results confirmed a significant main effect of
experimental group on immediate recall (F(1,56) =
54.8, p <0.001) and a significant main effect of design
literacy (F(1,56) = 8.3, p < 0.01). Importantly, the
interaction term (Group x Design Literacy) was also
significant (F(1,56) = 4.7, p < 0.05), confirming that
the effect of wvisual hierarchy on recall was
significantly moderated by design literacy.
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Post-hoc analysis revealed that among design-
educated participants, Group A outperformed Group B
by a margin of 2.1 elements (5.0 vs. 2.9, Cohen's d =
2.42), while among general audience participants, the
margin was 1.4 elements (4.3 vs. 2.9, Cohen's d =
1.47). Both effects were large and statistically
significant. Critically, however, even general audience
participants in Group A showed substantially higher
recall than their Group B counterparts, confirming that
the benefits of visual hierarchy are not confined to
design-educated viewers and extend to the general
public.

V.8 Hypothesis Testing Summary

All four hypotheses were confirmed at o = 0.05. H1
was supported with a very large effect size (d = 2.11),
H2 with a large effect (d = 1.32), H3 with a large effect
(d = 1.18), and H4 with a significant interaction
confirming moderation by design literacy. The pattern
of results is highly consistent across all dependent
variables and all subgroups, providing strong and
convergent quantitative evidence for the positive
effect of visual hierarchy on user attention and
information retention.

V. Discussion

The findings of this study provide robust quantitative
experimental evidence that visual hierarchy in graphic
design significantly and substantially affects both user
attention and information retention. The between-
subjects A/B testing design, by randomly assigning
participants to high-hierarchy and low-hierarchy
conditions and measuring outcomes with standardized
tasks, establishes that the observed differences in
attention speed and recall accuracy are causally
attributable to the hierarchical manipulation rather
than to pre-existing differences between participants.
The consistency of effects across multiple dependent
variables, measurement timepoints, and participant
subgroups strengthens confidence in the robustness
and generalizability of the findings.

The magnitude of the observed effects is noteworthy.
Cohen's d values of 1.18 to 2.11 across the three
primary hypotheses place the effects of visual
hierarchy in the 'large' to 'very large' category by
conventional standards — comparable to the most
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powerful effects documented in educational
psychology and cognitive science. This suggests that
visual hierarchy is not merely a minor design
refinement but a fundamental determinant of how
effectively a graphic composition communicates with
its audience. For practitioners in animation, VFX, and
communication design, this finding underscores the
importance of deliberate, evidence-based hierarchical
decisions rather than intuitive or convention-driven
approaches.

The specific findings regarding typography and color
contrast extend and enrich existing theoretical
frameworks. The strong correlation between
typographic differentiation ratings and recall accuracy
(r = 0.63) confirms and quantifies the centrality of
typographic hierarchy to information encoding,
consistent with Bringhurst's (2004) theoretical claims
and Pieters and Wedel's (2004) empirical findings in
advertising research. The finding that high-contrast
color accent elements were recalled by 87-93% of
Group A participants, compared to only 50-57% of
Group B participants, demonstrates the particular
power of color contrast as a hierarchical cue — a
finding that aligns with Treisman and Gelade's (1980)
feature integration theory, which identifies color as a
primary pre-attentive feature capable of capturing
attention automatically.

The retention rate analysis — showing that Group A
retained 81.5% of immediately recalled information
after 24 hours compared to 75.4% for Group B —
suggests an additional benefit of visual hierarchy
beyond initial encoding: improved memory
consolidation. While this difference was only
marginally significant in the current sample, the
direction and magnitude of the trend are consistent
with Mayer's (2009) coherence and signaling
principles, which predict that organized, clearly
structured presentations not only improve initial
comprehension but produce more durable memory
representations. Future research with larger samples
should specifically investigate the long-term retention
advantages of high-hierarchy design across multiple
time points.

The moderation analysis adds an important nuance to
the overall picture. Design-educated participants
showed a larger benefit from high visual hierarchy than
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general audience participants, consistent with the
hypothesis that design literacy amplifies sensitivity to
hierarchical cues. However, the critical finding for
practitioners is that even general audience participants
in the high-hierarchy condition showed substantially
better recall than their counterparts in the low-
hierarchy condition (d = 1.47), confirming that good
hierarchical design is not merely appreciated by trained
viewers but actively improves the experience and
retention of information for all audiences regardless of
design background.

The qualitative texture of participant responses adds
interpretive depth to these quantitative findings. Group
B participants' descriptions of feeling 'overwhelmed,'
'confused,' and 'unsure where to start' when viewing
the low-hierarchy composition vividly illustrate the
split-attention and extraneous cognitive load effects
predicted by Sweller's (1988) cognitive load theory.
These accounts suggest that the cognitive cost of
poorly organized design is not merely a reduction in
efficiency but an actively negative subjective
experience that likely affects viewer engagement,
motivation, and trust in the communication —
consequences that extend well beyond the recall
measures captured in this study.

Several limitations of this study should be
acknowledged. First, the stimuli were still graphic
compositions presented on screen; future research
should investigate whether similar effects obtain for
animated and motion-based compositions, where
temporal hierarchy introduces additional dimensions
of attentional management. Second, the study was
conducted in a single cultural and educational context;
cross-cultural replication is needed to determine
whether the effects generalize across populations with
different visual literacy backgrounds and reading
direction conventions. Third, the study relied on
self-report and recall tasks rather than direct
behavioral measures of gaze such as eye-tracking,
which would provide more precise and objective data
on attention patterns. Future studies with access to eye-
tracking equipment could substantially extend and
refine the findings reported here.

VI.Conclusion and Recommendations

This study set out to determine, through rigorous
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quantitative experimental methods, whether and to
what extent visual hierarchy in graphic design affects
viewer attention and information retention. The
evidence is unambiguous: intentional visual hierarchy,
achieved through the systematic differentiation of
typographic weight, color contrast, scale, and spatial
arrangement, produces large and statistically robust
improvements in the speed of attention capture, the
accuracy of immediate recall, and the durability of
delayed recall. These effects are present across both
design-educated and general audiences, are consistent
across multiple measurement approaches, and are
causally attributable to the hierarchical manipulation
by virtue of the between-subjects experimental design.

For design practitioners — particularly those working
in animation, visual effects, interface design, and visual
communication — these findings carry clear and
actionable implications. First, typographic hierarchy
should be treated as a primary design priority:
establishing a clear three-level hierarchy of headline,
subhead, and body text, with meaningful
differentiation in size and weight at each level, is the
single most impactful hierarchical decision a designer
can make for improving audience attention and recall.
Second, color should be used as a focal system rather
than a decorative one: reserving a single high-contrast
accent color for the most important informational
elements  consistently  directs attention and
dramatically improves recall for those elements. Third,
whitespace should be employed as a structural tool:
generous whitespace around key content does not
waste space but actively signals importance and
reduces the cognitive load required to parse a
composition.

For design educators, the findings suggest that the
teaching of visual hierarchy should be grounded not
only in canonical rules and aesthetic tradition but in
the empirical evidence about how hierarchical choices
affect real audiences. Critique frameworks that
evaluate student work on the basis of attention
management and information retention, in addition to
aesthetic quality and technical execution, would better
prepare students for the communicative demands of
professional practice.

For future researchers, several directions for
investigation emerge from this study. The temporal
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dimension of visual hierarchy in animation and
motion graphics — how hierarchy operates across
time as well as space — represents a largely
unexplored territory with substantial practical
importance for the animation and VFX industries.
Cross-cultural studies examining whether the
attentional and mnemonic effects of specific
hierarchical cues vary across populations with
different reading conventions and visual cultural
backgrounds would significantly enrich the field.
Longitudinal studies tracking the decay of memory for
hierarchically organized versus disorganized visual
content over weeks and months, rather than hours,
would shed light on the long-term value of hierarchical
design for educational and communication materials.
Finally, neuroscientific approaches using fMRI or
EEG could illuminate the neural mechanisms through
which  visual hierarchy modulates memory
consolidation, connecting the behavioral findings
reported here to the underlying cognitive architecture
of visual perception and memory.

Visual hierarchy is not a stylistic preference or an
aesthetic nicety. It is a functional design system with
measurable consequences for how efficiently
audiences process information, how accurately they
recall it, and how clearly they understand the message
being communicated. This study provides the
quantitative experimental evidence to make that claim
with scientific confidence. The responsibility that
follows — to design with intention, evidence, and
respect for the cognitive realities of the audience —
rests with every practitioner who arranges a
composition and every educator who teaches them
how.
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Appendix A: Survey Instrument

The following questionnaire was administered to
all participants immediately after stimulus exposure
(Sections 1 and 2) and via email 24 hours later (Section
2 only).

Section 1: Attention Orientation

Q1. After viewing the composition, which element did
you notice first? Please describe it briefly.

Q2. How quickly did you feel oriented when viewing
the composition? Please rate on the following scale:

5 = I immediately knew exactly where to look 4 = 1
found my orientation point quickly

3 = It took me a moderate amount of time to orient
myself 2 = [ was somewhat unsure where to direct my
attention

1 =1was unsure where to look throughout my viewing

Q3. What aspect of the composition, if any, helped
you decide where to look? (Open-
ended)

Section 2: Information Recall

Please answer the following questions without
referring to any materials. Answer as fully as you can
based on what you remember from the composition.
R1. What was the main topic or title of the composition
you viewed?

R2. What was the first key point or piece of
information presented in the composition? R3. What
was the second key point or piece of information
presented?

R4. What was the third key point or piece of
information presented? R5. What was the fourth key
point or piece of information presented?

R6. What other information do you remember from the
composition? Please describe as much as you can.

Section 3: Design Literacy Screening (administered at
session start)

DL1. Are you currently enrolled in or have you
graduated from a design-related academic program?
(Yes /No)
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DL2. If yes, which program? (Animation / VFX / Film
Making / Game Art & Design / Graphic Design /
Other)

DL3. How many years of formal design study have
you completed? (0/1/2/3/4+)

DL4. How would you rate your knowledge of graphic
design principles? (1 = No knowledge; 5 = Expert
knowledge)

DLS. How often do you engage with professional
graphic design materials (portfolios, design
publications, industry work) on a weekly basis?
(Never / Rarely / Sometimes / Often / Daily)

Scoring Rubric for Recall Tasks
Each recall response was scored on a three-point scale

by two independent raters:

Score 1.0 (Correct): The response accurately identifies
the target informational element with no significant
error or omission.

Score 0.5 (Partially Correct): The response identifies
the target element but includes a minor error,
omission, or imprecision that does not alter the core
meaning.

Score 0.0 (Incorrect): The response does not
identify the target element, is factually incorrect, or
is absent.

Inter-rater reliability was assessed using Cohen's
kappa (x = 0.88), indicating strong

agreement. Discrepancies between raters were
resolved through discussion and consensus.

Table 4: Scoring Rubric Summary

Score Criteria

1.0 (Correct)
0.5 (Partial)

Accurately identifies the target element

0.0 (Incorrect) Does not identify target or is absent
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Identifies element with minor error or omission

Example Response for Target: 'Visual contrast improves
readability’

'High contrast makes text easier to read'
'Something about contrast and how text looks'

'Colors were used for decoration'

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 3043



