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Abstract

Critics have argued that mobile usability has largely been optimized,
and that only incremental gains are possible. We set out to explore
if the newest generation of design systems, which promote greater
flexibility and a return to design basics, could produce substantially
more usable designs while maintaining or increasing aesthetic judg-
ments. Through a study with 48 diverse participants completing
tasks in 10 different applications, we found that in designs cre-
ated following Material 3 Expressive guidelines, users fixated on
the correct screen element for a task 33% faster, completed tasks
20% faster, and rated experiences more positively compared to ver-
sions designed using the previous Material design system. These
improvements in performance and aesthetic ratings challenge the
premise of a usability plateau and show that mobile usability has
not peaked. We illustrate specific opportunities to make mobile ex-
periences more usable by returning to design fundamentals while

highlighting risks of added flexibility.
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1 Introduction

Creating user interfaces that are more usable has been a goal of
the HCI community since its inception. Early research in the field,
especially in the first wave of HCI [9], focused heavily on task
completion times and understanding how the spatial organization
of a user interface could lead to more efficient use. Principles such
as Fitts’ Law [23] emerged from this work, which led to recommen-
dations for target sizes, such as the size of a button or menu.

Over the years, this type of guidance evolved into corporate
style guides and eventually design systems, such as Google’s Mate-
rial Design [28] or Apple’s Human Interface Guidelines [4]. These
guidelines have evolved through multiple iterations, as seen in Fig-
ure 1, to meet changing aesthetic taste and in response to large
quantities of usability studies run by design system teams to better
optimize for usability and accessibility.

Material Design is the design system for all Google products, as
well as the default open source design system for any app created
by developers for the Android platform, the most widely used mo-
bile operating system [55]. Billions of people regularly experience
designs created with this system. The latest version of the Material
Design system, Material 3 Expressive [28], has taken a different
approach to systematizing design, moving away from single recom-
mended component variants to offering increased flexibility. The
guidelines encourage designers to return to the basics of interface
design by more fully considering the use of size, shape, color, typog-
raphy, motion, and hierarchy to create more usable interfaces. This
approach empowers designers to move beyond a one-size-fits-all
model and craft user experiences that are not only functional but
also contextually appropriate in an increasingly complex digital
landscape.

Material 3 Expressive includes updates across components. For
example, new Button variants, such as Extra Large and Extra Small,
are available to guide a user’s attention to a key action, in contrast
to previous versions of Material Design where every button had to
be 48 density-independent pixels (dp) tall regardless of its use [27].
Lists, Menus, and Toolbars now use color-based containment to
better group like items together in contrast to previous versions that
built everything from a white background. Since Material Design
is the default design system for any app created for the Android
platform, it is critical to explore how changes to this open source
system impact user perception and behavior given the widespread
use of Android globally [55].
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Figure 1: The evolution of buttons in the Material Design system over the past 11 years.

We wanted to know to what extent interfaces produced with
these new guidelines and components could achieve greater usabil-
ity while maintaining or exceeding aesthetic preference across a
diverse sample of users. Specifically, we had the following research
questions:

e RQ1: Can designs produced following Material 3 Expressive
guidelines be more usable than the previous design system
in terms of time to fixate and time to tap on both primary
and secondary Ul elements on the screen?

e RQ2: Are Material 3 Expressive designs preferred and seen
as more modern and desirable?

To answer these questions, we ran an in-lab experiment with 48
diverse participants interacting with design updates for ten widely-
used applications that were created following these new Expressive
guidelines. Participants used eyetracking glasses and completed
tasks in each application in a randomized order covering both
Expressive designs and non-Expressive Material 3 baselines that
matched their currently available designs. We found that Expressive
designs led to 33% faster fixation times on the correct Ul element
for each task as well as 20% faster overall task completion times.
We saw even larger effects for participants over 45 years of age.
Participants also significantly preferred the Expressive designs on
a variety of aesthetic attributes.

Our findings show that mobile usability has not peaked, and that
there is still a large untapped opportunity to make common mobile
experiences more usable for all by returning to basic design funda-
mentals and increasing flexibility in size and color use. This runs
counter to recent claims by Jakob Nielsen that “[tJhe low-hanging
fruit of terrible usability has long since been picked,” and that there
is a low return on UX work when it comes to usability [42]. Others
similarly argue that UX Research as a discipline, and usability test-
ing in particular, are now less important [21, 25]. In a landscape of
high reliance on mobile devices, with average global screen time
for 16-64 year olds reaching 6 hours and 40 minutes a day [61], we
argue that the need to reinforce foundational usability in design is
more pressing than ever. Specifically, focusing on improving task
completion times can create large efficiency gains over the thou-
sands of interactions a user makes during those 6 hours and 40
minutes.

While design systems like previous versions of Material Design
have standardized Ul patterns, their rigidity may have inadvertently

created a usability plateau. This study investigates whether a re-
turn to fundamental design principles—flexibility in color, size, and
hierarchy—as embodied by Material 3 Expressive, can overcome
this plateau.

2 Background

We will begin by reviewing the literature and background on a few
essential topics. First, we will explore the history of design systems
to understand what led to the largely prescriptive design systems of
today. Then, we will explore ways of measuring usability in the HCI
literature as well as critiques on the state of mobile usability and
recent studies using eye tracking as a method to measure usability.

2.1 Design Systems

Complex systems that have multiple user touch points [53] can
be confusing to navigate without central design principles. One of
the first instances of what we might call a modern design system
came from Frank Pick of the London Underground starting in 1906
[24]. He noted the inconsistencies of signage and navigation across
the transit network and the need for common wayfinding, fonts,
icons, and maps to make the system more usable. The resulting
standards provided a consistent experience for transit users from
one station to another. Similar to modern design systems, the goal
was to increase usage across the entire transit system by providing
common visuals across interaction points leading to an experience
that was easier to use and more predictable.

The NASA Graphics Standards Manual [1], published in 1976,
was another example of a set of standard practices to be used across
the agency. Not only did this manual cover how and where to use
the new NASA “worm” logo, but it covered various grid layouts for
NASA publications, a color system with contrast rules, and design
guidelines for standardized physical signs and vehicle markings.

The need for standardization became paramount as interactions
moved from the physical to the digital realms. Companies adopted
various style guides to ensure standardization across their products.
Perhaps the most influential of these in early years was the Apple
Human Interface Guidelines (HIG), published in 1987 for “The
Apple Desktop Interface” [5]. These guidelines not only presented
common user interface components such as buttons, checkboxes,
and dialogs but also discussed how to best use them. Since the
introduction of the HIG, the guidelines have been continuously
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Figure 2: A variety of apps all built with Material Design 3 as they existed in 2023, which tended to look the same and lack

unique feeling for different types of experiences.

updated to its current form [4], which now encompasses interaction
on a variety of device types.

The user interface design landscape of the early 2010s was char-
acterized by a stark dichotomy, a pendulum swinging between two
opposing philosophies: the rich, tactile world of skeuomorphism
and the stark, minimalist plane of flat design [11]. This schism
created significant challenges in usability, consistency, and devel-
opment efficiency, setting the stage for a unifying synthesis. In
parallel, the shift of usage from desktop to mobile created the need
for common mobile design patterns, leading Google to release the
open source Material Design system in 2014 [26]. Inspired by over-
lapping sheets of paper, this system popularized the term “Design
System” and became the basis for not only Google products but
also the default design system for any app created for Android
devices. A variety of studies have shown that following previous
versions of Material Design guidelines have led to increased usabil-
ity [6, 19, 22, 44, 46, 57]. There are no known studies prior to ours
on the latest version of Material 3 Expressive.

From the early days of mobile and desktop interfaces, design sys-
tems have matured. The visual styles of components have changed
with the tastes of each era as well as with advancing technological
capabilities. We can trace this evolution from the original stroke
outline button of the first Mac, to skeuomorphic designs of early
smartphones, to more minimalist designs of the mid 2010s, to Ex-
pressive or semi-transparent designs of today [59]. However, most
design systems have maintained a relatively small set of variants
for basic components. Tap targets for Android Buttons were 48 dp
[27], iOS ones 44 pt [3], and there was little room for variance if
one wanted to remain compliant to the design system guidelines.
While this provided standardization, it did not give designers the
flexibility to create differentiated designs for different use cases,
and mobile design started to feel the same, as seen in Figure 2.

Material 3 Expressive, released in May 2025, prompted designers
to go back to basics and explore variations in size, shape, color,
containment, type, and motion to design interfaces that were fit
to the feeling that the designer wanted to evoke [28]. This opened

up the ability for designers to go beyond constrained and equally
sized components and make interfaces that are optimized for the
situation. Enabling flexibility empowers designers to move beyond a
one-size-fits-all model and craft user experiences that are functional
and contextually appropriate in an increasingly complex digital
landscape.

Our study, the first on the application of Material 3 Expressive,
demonstrates the ability of more flexible design systems to deliver
higher user satisfaction through more usable interfaces.

2.2 Usability

Usability has been a focus of the HCI community from the begin-
ning. In 1983, Card et al. [14] explored the idea of a model human
processor that would help designers predict how long a user would
take to perform a task. Fundamental work continued throughout
the 1980s. Schneiderman created his “Eight Golden Rules of In-
terface Design” [52] in 1985 which promoted consistency in an
interface in terms of color, layout, and typography to enhance us-
ability. Nielsen’s heuristics for usability [39] and the previously
mentioned 1987 edition of the Apple Human Interface Guidelines
[5], which focused on designing for usability, continued work to-
wards standardized principles to guide digital designers. Much of
this first wave of HCI was focused on usability, with key metrics
such as task completion time and error rates seen as critical to un-
derstanding and evaluating the usability of a system [9]. Since then,
a greater focus on the broader User Experience (UX) has occurred,
which has accepted a more encompassing definition of UX covering
everything from "measurable aspects of UX such as psychological
responses and user task performance (cf traditional usability met-
rics)” as well as “non-utilitarian” or “hedonic” aspects such as “user
affect” [35].

The Nielsen Norman Group currently defines usability as a set
of five factors: Learnability, Efficiency, Memorability, Errors, and
Satisfaction [41]. While there are many established methods to
measure usability, by combining eye tracking fixation data and task
completion time, one can measure both learnability and efficiency.
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Figure 3: The 10 application designs tested in the study, each in Baseline and Expressive conditions. These 20 screens were

displayed in a random order for each participant

Satisfaction can be measured through questions around preference
and overall ease of use. Many studies over the years have used
these types of metrics as a proxy for usability [17, 32, 60, 62, 63] as
eyetracking has become an established tool in the HCI literature
and UX Research practice to measure usability [8, 10, 20, 30, 37, 47].
In addition, more hedonic attributes such as "fun" can be measured
to understand more experiential aspects of the User Experience
[35].

Usability in general has been improving over time as companies
realized the monetary benefits of efficient interfaces as well as the
ability to reach broader audiences through increased accessibility.
Companies large and small have research teams devoted to increas-
ing the usability of their products [34, 36, 56]. One might wonder
if we are reaching diminishing returns on future usability work,
as Nielsen strongly argued in a recent post [42]. We questioned
if this was the case, and set out to run this study to see if a more
dramatic change to a design system, allowing for much greater
variations in size, shape, color, and containment could yield much
larger usability gains over what might just be a local optimum with
the previous generation of constrained design systems.

2.3 Method

We conducted an in-person study in Chicago where participants
could interact with both Expressive and current versions of designs
for ten diverse applications. We tested a wide range of applications,
including productivity, utility, fitness, chat, and video apps, to best
understand the impact of these design principles across wide cat-
egories of products (see Figure 3). 48 participants completed the
study, representing a broad sample of Chicagoans, ranging in age

from 18 to 62 (33% 18-24, 33% 25-44, 33% 45+), from diverse ethnic
backgrounds (40% White, 27% Black, 19% Hispanic, 12% Asian, 2%
Native American), and gender-balanced (48% women, 48% men, 4%
non-binary).

To generate the screens for testing, we enlisted existing product
designers for ten diverse products to apply the principles of Ma-
terial 3 Expressive to their own Android applications. All of the
applications used the previous version of Material Design at the
time of the study, which created a consistent baseline condition
of current designs. The designers were given a Figma Design Kit
with the latest Material 3 Expressive components as well as access
to the guidelines for how to design with them, but were not given
any specific instructions to focus on usability. They had several
months to complete their designs and in the end we received base-
line (current Material 3) and Expressive designs for Alarm, Dialer,
Docs, Fitbit, Gmail, Meet, Messages, Android Setup, Stopwatch, and
Timer, as shown in Figure 3. After receiving the designs, researchers
and designers reviewed them for compliance with the components
and guidelines of Material 3 Expressive, ensuring designs properly
adopted the principles. We then created tasks for each design, as
shown in Table 1. These task descriptions were carefully created to
not be leading (for example by not using labels present in the inter-
face). Tasks were a mix of primary (e.g. answer an incoming call)
and secondary (e.g. send a voice message) actions on the screen, as
we wanted to ensure that Expressive design did not just affect the
usability of the main or largest action on the screen. The baseline
applications were chosen to be existing, highly usable applications
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that represent decades of work of highly skilled Design and UX Re-
search teams. These are exactly the types of interfaces that Nielsen
thought would be the hardest to show large usability gains [42].

Participants engaged with both sets of designs using a mobile
test application that was specifically built for our study. The test app
included these 20 screens (10 expressive and 10 current), as shown
in Figure 3, and was installed onto an Android device used by all
participants in our study. Screens were presented in a random order
for each participant, with a screen in between tasks that displayed
only the name of the next random app. The moderator would read
the next task based on the app name that was shown. The phone
screen would then turn black for 5 seconds to reset the user’s gaze
before showing the screen for the user to interact with. The study
was conducted by researchers not affiliated with the company that
made the designs.

To answer RQ1 above, we created two testable hypotheses:

(1) H1: Participants will notice the UI component needed to
complete the task faster in the Expressive conditions

(2) H2: Participants will tap the UI component needed to com-
plete the task faster in the Expressive conditions

These are complementary metrics as one might notice an element
quickly but not know if it is the right one to tap. Or they might not
see a Ul element right away, but tap it the second they see it. To
capture these measurements, participants wore Tobii Pro Glasses 3
eye tracking glasses [58], and Tobii’s software was used to capture
the time for the participant’s eyes to first fixate on the correct UI
component for the task. In addition, our study application also
captured the number of milliseconds from when the screen was
first displayed until the participant tapped the correct Ul element.

After completing tasks in all 20 screens, participants were shown
each screen one by one and asked to rate it on a five-point scale on
five attributes related to visual aesthetics: Appealing, Clean, Fun,
Modern, and Easiness. Together these capture the satisfaction as-
pect of usability. Specifically, Appealing captures satisfaction with
the visual aspects and Easiness captures the perception of overall
usability. Modern and Clean relate to aspects of the visual design
shown to be correlated with use. And Fun aimed to capture the emo-
tional aspects of design that Material 3 Expressive claims to achieve,
and is related to the overall usability goal of being satisfied with an
interaction. Perrig et al. [45] have explored how aesthetic attributes
such as these are correlated with user performance (usability) and
subjective experience with a design.

Participants were then shown the Expressive designs and Base-
line designs together and asked which designs they preferred for
each app and why. These responses formed the basis of our quali-
tative data set. Each session lasted approximately 45 minutes and
participants were compensated for their time. Each session was
recorded and transcribed, and adhered to all procedures for studies
with human subjects at our institutions.

2.4 Data Analysis

To develop a comprehensive understanding of user interaction with
Expressive designs, our study employed a mixed-methods approach,
integrating both quantitative performance metrics and qualitative
insights. Quantitative data was captured and analyzed with Tobii
eye tracking glasses and Tobii’s software provided time to first
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Table 1: Tasks as they were read to users before each task.

App

Task

Alarm

Dialer

Docs

Fitbit

Gmail

Meet

Android Messages

Setup

Stopwatch

Timer

Imagine that your morning alarm is go-
ing off and you want to pause it for 10
minutes until it goes off again. Please
show me how you would do this.

Imagine that your friend Min is calling
you. Go ahead and pick up the call.

Imagine that you are reviewing a docu-
ment on your phone. You want to un-
bold the text at the current position.
Please show me how you would do so.

Imagine that you just finished a work-
out and would like to manually log your
activity on your Fitbit app. Show me
how you would log a new activity there.

Imagine that you bought tickets to Tay-
lor Swift’s Tour and have opened the
confirmation message in your email
app. You want to share the ticket details
with a friend who is attending with you.
Go ahead and do this.

Imagine that you are on a video call
with your friend. You realize that you
are on mute and would like to unmute.
Please show how you would do that.

Imagine that you are texting your
friend and would like to send an audio
message. Please show how you would
send an audio message.

Imagine you are setting up a new phone
and you need to select which data to
copy over to your new device. You have
selected all that you wanted to copy
over and want to continue. Please show
how you would get to the subsequent
screen of the setup process, accepting
all of the options on the screen.

Imagine that you want to use the stop-
watch on your phone to time how fast
your friend can sprint. Your friend is
about to go. Tap the appropriate part
of the screen to get the timer going.

Imagine that you are doing laundry and
you want to set a timer on your phone
to remind you to check laundry. Please
show me how you would create a new
timer on your phone.
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fixation on the region of interest for each screen that matched the
tap target to complete the task. This usability performance data was
then joined with demographic information and participant senti-
ment scores. A fixed-effects linear regression model [2], commonly
used in HCI papers with similar methods [7, 54], was applied to
analyze the usability performance data, while a one-way repeated
measures ANOVA was used for sentiment ratings. Further details
on this analysis will be presented in-line with the findings. For the
qualitative analysis, we engaged with interview transcripts using
an inductive approach based on grounded theory practices [15].
Borrowing from Charmaz’s approach provided the flexibility to
uncover emergent themes from the diverse experiences and re-
actions from our participants. Through a process of open coding
and constant comparison, we systematically identified patterns and
connections within and across our qualitative and quantitative data
sets. This process allowed us to identify core themes related to
user expectations, application context, and the perceived value or
downsides of expressive design.

3 Findings

The results of our study provide compelling evidence that a return
to fundamental design principles, as championed by expressive de-
sign, significantly improves mobile usability and user satisfaction.
Our eye tracking results (RQ1) reveal that expressive designs lead
to faster task completion and quicker user fixation on key elements,
with a particularly pronounced benefit for older adults. This is
complemented by our qualitative findings (RQ2), which uncover
a nuanced understanding of why and when these design choices
resonate with users. These insights demonstrate that expressive de-
sign is a powerful tool for creating interfaces that are more intuitive,
efficient, and engaging across diverse application types.

3.1 Usability

To formally test our key hypothesis on the impact of expressive
design on usability, we analyzed two key metrics collected during
our experiment: 1) the time until the first eye fixation on the correct
Ul element as well as 2) the time to tap the correct UI element for
each of the 20 screens presented to the participants.

3.1.1  Fixation Time. Descriptive statistics for the time to first fixa-
tion are shown in Figure 4A. On average, participants fixated on
the key element more quickly in the expressive design conditions
(M =1.60 s, SD = 2.60 s) than in the baseline conditions (M = 2.40
s, SD = 4.53 s). This represents a 33% average improvement in eye
fixation time for Expressive designs.

As illustrated in Figure 4B, this effect was most pronounced in the
older age group. Participants aged 45 and older took more than twice
as much time to fixate on the key element in the baseline conditions
(M =4.11s, SD = 7.61 s) compared to the expressive conditions
(M =1.69 s, SD = 2.36 s). This difference, while still present, was
substantially smaller for the younger age groups (18-24 years: M
=1.53svs. M = 1.31 s; 25-44 years: M = 1.97 s vs. M = 1.82 s, for
baseline and expressive conditions, respectively).

To formally test the observed differences while accounting for
individual-specific characteristics, we employed a fixed-effects lin-
ear regression model [2]. This model accounts for the repeated
observations and controls for all time-invariant individual traits
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Figure 4: Mean fixation time (in seconds) for Baseline and Ex-
pressive conditions. Panel (A) shows the overall main effect,
and panel (B) shows the effect broken down by participant
age group. Error bars represent the standard error of the
mean.

Table 2: Fixed-Effects Regression Models Predicting Time to
Fixation.

Predictor Model 1 Model 2
Direct Effects

Condition [Expressive] -.796** (.235) -.219 (.174)
Interaction Effects

Expressive x Age Group [25-45] .081 (.288)

Expressive x Age Group [45+] -2.20"** (.518)

Model Statistics

R? 0.140 0.158

N 799 799
Fixed Effects Subject + App  Subject + App

Note: Values are B (SE). The main effect of Age Group is absorbed by the
participant fixed effects. The reference category for Condition is [Baseline]
and for Age Group is [18-25]. +p < .10, *p < .05, **p < .01, ***p < .001.

(e.g., attention, digital literacy) through participant-level fixed ef-
fects and also accounts for any systematic difficulty associated
with a specific app through app-level fixed effects. As a robustness
check, we re-estimated the main models including screen order as
a covariate to account for potential learning effects.

The results, presented in Table 2, confirm the descriptive findings.
Model 1 shows a significant main effect of the design condition on
time to first fixation (b = -.796, SE = .219, p < .01) indicating that
the expressive design reduced fixation time by 0.796 seconds.

In Model 2, we introduced interaction terms between condition
and age group. While the direct effect in the model turns out as not
significant (b = -.219, SE = .174, p = .215), the analysis revealed a
significant negative interaction for the 45-and-older age group (b
=-2.20, SE = 518, p < .001), confirming that the beneficial effect
of the expressive design was significantly larger for these older
participants compared to the 18-24 reference group. In contrast,
no significant interaction was found for the 25-44 age group (b
= .081, SE = .288, p = .780), suggesting the age-related effect is
specific to the 45+ participants. In other words, when controlling
for age group, expressive design reduces the time to fixation for
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participants 45 and older by an average of 2.20 seconds, or 59%,
matching the performance of younger age groups.

While the control for screen order revealed significant learning
effects (p < .001), the main effects of interest remained statisti-
cally significant and unchanged in magnitude, demonstrating the
robustness of our primary results.

When we look at specific applications, we see even stronger
effects. For example, inviting a friend to a concert in Gmail saw a
73% reduction in median fixation time across age groups from 1.8
seconds to 0.48 seconds. Logging a manual activity in Fitbit saw a
71% reduction from 2.07 seconds to 0.6 seconds and snoozing an
Alarm saw a 59% reduction from 0.98 seconds to 0.4 seconds.

3.1.2  Tap Time. On average, participants were also faster to tap
the key elements in the expressive (M = 4.75s, SD = 8.74s) versions
of the apps compared to the baseline ones (M = 5.92, SD = 8.35), an
improvement of 20%. Descriptive statistics for the time to tap are
visualized in Figure 5A.

Similar to our findings on fixation time above, participants 45+
saw the largest reductions in tap time in expressive designs (M =
6.51, SD = 12.78s) compared to baselines (M = 8.43s, SD = 11.46).
The other age groups in our sample saw smaller reductions in tap
time with the expressive designs over baselines (18-24 years: M =
3.65 s vs. M = 3.16 s; 25-44 years: M = 5.70 s vs. 4.60 s, for baseline
and expressive conditions, respectively).

A B
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@ 75
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E Condition
a 50 M Baseline
2 L I Eevene
&
L} T
- .
0.0

Baseline Expressive 18-24 25-44 45+

Figure 5: Mean tap time to complete a task (in seconds) for
Baseline and Expressive conditions. Panel (A) shows the over-
all main effect, and panel (B) shows the effect broken down
by participant age group. Error bars represent the standard
error of the mean.

We used a set of fixed-effects linear regression models with the
same specification as above to account for the data structure of the
experiment results. We specified two models presented in Table 3
to test for the overall, direct effect of expressive design on tap time
(Model 1) and the interaction of expressive design and age group
to test the age effect (Model 2). Also in line with the above and
as a robustness check, we re-estimated the main models including
screen order as a covariate to account for potential learning effects.

For the direct effect of expressive design on tap time in Model 1,
we find a statistically significant reduction in tap time (b = -1.17,
SE = 410, p < .01). In other words, participants were able to tap the
UT’s correct element 1.17 seconds faster in the expressive designs
versus the baseline designs. Looking at the interaction between
condition and age group in Model 2, we find that both the direct
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Table 3: Fixed-Effects Regression Models Predicting Time to
Tap

Predictor Model 1 Model 2
Direct Effects

Condition [Expressive] -1.17** (.410) -.485 (.340)
Interaction Effects

Expressive x Age Group [25-45] -.595 (.700)
Expressive x Age Group [45+] -1.46 (1.04)
Model Statistics

R? .233 .235

N 917 917
Fixed Effects Subject + App  Subject + App

Note: Values are B (SE). The main effect of Age Group is absorbed by the
participant fixed effects. The reference category for Condition is [Baseline]
and for Age Group is [18-25]. +p < .10, *p < .05, **p < .01, “**p < .001.

effect (b = -.485, SE = .340, p = .161) as well as the two interaction
effects for 25-45 (b = -.595, SE = .700, p = .340) and 45+ (b = -1.45,
SE = 1.04, p = .168) years old vs the reference group 18-24 to be non
statistically significant.

While the control for screen order revealed significant learning
effects (p < .001), the main effects of interest remained statisti-
cally significant and unchanged in magnitude, demonstrating the
robustness of our primary results.

Again, looking at specific applications we found some with quite
large effects. Inviting a friend to a concert in Gmail saw a 62%
reduction in median tap time from 10.77 seconds to 4.05 seconds.
Logging a manual activity in Fitbit saw a 25% reduction from 3.4 to
2.56 seconds and unmuting in Meet saw a 21% reduction from 3.0
to 2.37 seconds.

In summary, we found that across the 10 applications tested,
Expressive designs were 33% faster for users to fixate on the correct
Ul element and 20% faster to tap on that element. These designs also
equalized performance across ages, with users over 45 years of age
improving their time to fixate by 59%, matching the performance of
younger age groups. These effects are quite large, given the mature
state of the baseline designs, and point to the possibility of large
usability gains for a wide variety of applications.

3.2 User Sentiment

Our eye tracking results point to efficiency and learnability gains,
two critical components of usability, brought about by Expressive
design. However, there are additional factors to consider that are
necessary to gauge the full user experience [41]. Specifically, we
wanted to capture participants’ satisfaction in response to the differ-
ent designs. When participants were asked to rate each app design
on a set of metrics, the Expressive screens were rated higher across
all five aspects: Appealing, Clean, Fun, Modern, and Easiness. Figure
6 shows the results by condition for each of the sentiment metrics
that participants rated during the experiment.

When comparing the means and standard deviations across these
five metrics, differences emerge between conditions, most notably
the ‘Fun’ and ‘Modern’ attributes. For instance, the mean rating for
’Fun’ in the expressive condition (MExpressive = 3.97, SDExpressive
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Figure 6: Mean scores for each of the subjective metrics. In
all, the Expressive designs scored more positively than the
Baseline designs.

Table 4: Results of F-tests from Repeated Measure ANOVA
for Each Metric.

Dependent Variable  df F P np
Appealing 1,929 10535 <.001 .102
Clean 1,929 34.04 <.001 .035
Easiness 1,929 118.19 <.001 .113
Fun 1,929 169.46 <.001 .154
Modern 1,929 105.15 <.001 .101

Note: The df values represent the between-groups and error degrees of
freedom, respectively. The p-values are from one-way repeated measures
ANOVAs comparing the Expressive and Baseline designs for each metric.

= 0.88) was substantially higher than in the baseline condition
(MBaseline = 3.07, SDBaseline = 1.10). Similarly, a considerable gap
was also observed for ’Modern’ (MExpressive = 4.21 vs. MBaseline
= 3.52) and ’Easiness’ (MExpressive = 4.57 vs. MBaseline = 3.90).
The smallest difference between the two conditions was for the
"Clean’ metric (MExpressive = 4.15 vs. MBaseline = 3.76).

Validating these initial rankings we conducted a series of one-
way repeated measures ANOVAs to compare the ratings of the Ex-
pressive and Baseline designs on these five attributes. This method
accounts for the within-subjects design of our experiment and the
resulting data structure. A repeated measures ANOVA is appro-
priate for this design as it accounts for the non-independence of
observations and effectively partitions out the variance associated
with individual participant differences. The results, summarized in
Table 4, indicate that there was a statistically significant difference
between the two designs for all attributes evaluated, substantiating
our findings.

Looking at overall preference ratings for individual applications
(see Figure 7), we ran a Binomial Test confirming that Expressive
designs were significantly preferred with a threshold of p=0.05 in
most of the apps, with two exceptions. One app, Docs, had very
subtle design changes and there was no significant difference in
which was preferred. The current version of the Setup app was the
only app in which the Expressive design was not preferred, a point
we will return to in the qualitative section below.
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3.2.1 Overall Preference for Expressive Designs. Complementing
the quantitative analysis above, in our interviews we found that
users had a strong preference for the expressive designs. Many
appreciated the colors and the simplicity that the changes in visual
hierarchy brought to the screens. P05 told us, “Tlove the colors, that’s
Jjust how my personality and my soul is. Like I scream bold pink and
beautiful and to the point, and it just seems very much made for
me and it’s very um it brings simplicity you know with regardless
of what’s going on. I just feel like it’ll center me.” P41 expressed a
similar sentiment: “T’'m more like an artistic person, creative, so I like
it. I like the more color, the more fun, the more easier to navigate
instead of this one’s [Baseline] more dull, too much information. I like
the color coding and the bigger fonts, more fun, even you know just
looking at it, it’s just more fun.”

Participants used words like “expected,” “simple,” and “bland” to
describe baseline designs which stood in contrast to vocabulary
used to describe Expressive designs such as “colorful,” “exciting,”
and “modern.” When explaining their thoughts, most expressed
that Expressive design dimensions such as color create a more fun
experience. P26 explained their overall sentiments towards the two
designs: “Design B [baseline design] is definitely more boring. So if
you want to see new things in your life, then starting fresh or colorful is
like a good thing. It just makes you more happy.” Color was the most
referred dimension in terms of its contribution to the experience.
P08 said that “those bright colors make it seem more fun...Our phone
is so much a part of our lives now. So to have something at important
to you in your life, it needs to have a little fun in it too.”

Several spoke specifically to usability improvements when com-
menting on all of the designs together. P03, who was in the 45+ age
cohort, stated, "I think it would potentially attract more older people
with vision issues. It’d make them feel comfortable ... I like the color,
I think that stands out the most, the pink, the blue. I think that is
very helpful” As seen above, those over 45 had the largest improve-
ments in fixation time with the new designs. However, people of
all ages talked about the “easier, simple buttons” (P46), and that the
Expressive designs were “a little more fun and clearer” (P38). P23
spoke about the benefits for people with disabilities of a simpler
visual hierarchy and larger controls: “I'm also dyslexic so I'm going
to pick whatever is visually the easiest for me.” Participants were
excited for a potential launch of these designs. P1 stated “that would
be awesome. .. just mainly due to the visibility of the buttons on the
screen. .. i like the color or the colors. The buttons [in the Expressive
condition] were like lively, colorful”

However some participants found aspects of the design that they
did not prefer. Sometimes the bolder colors were too much for some
participants. P38 stated, "I think there are some aspects that feel a
little bit over the top... where it just feels like there’s a lot of colors
and contrasts that aren’t necessarily needed.” This was particularly
true for the Setup screen, the only design that was preferred in
the Baseline Material 3 version. P04 said that the Expressive Setup
screen had "too many colors... like foreground background and all
that." Because the Expressive design for Setup took up more space
with instructions and a larger storage bar, some felt that the rest of
the content was more "scrunched in" (P45). And P42 said that the
Expressive version took "a little bit too much space” and preferred
Design B because "it feels like I can see more content in B even if
that might not necessarily be the case.”" Overall, participants strongly
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Figure 7: Overall design preference by application. Eight apps saw significant preferences for the Expressive version, with one
neutral, and one where the M3 Baseline was preferred (* indicates significance at the p=0.05 level or better).

preferred the Expressive versions for the majority of apps, pointing
to their increased usability, larger buttons, and bolder use of color.

3.22  How Expressive Design Aided Usability. Our qualitative anal-
ysis begins to unpack the nuances of when and where Expressive
design features deliver maximum impact. It remains consistent that
a user’s perception and acceptance of usable designs are tied to the
context and task [31, 50]. We found that the intentional use of de-
sign elements such as size, shape, color, and typography effectively
guided user attention to areas of interest, impacting both perceived
usability and aesthetic appeal. Our qualitative findings articulate
how designers can successfully apply these expressive elements to
support differing user goals—from simple, fast actions to complex,
information-rich tasks.

Color and size can draw focus when there are one or two key actions.
Often, a screen in an app will have one or two main actions that a
user can perform, like snoozing or stopping an alarm or starting a
stopwatch. When screens were simple and focused on completing
an action quickly, participants appreciated bright colors and large
buttons in enhancing visibility, supporting quicker task completion,
which was reinforced by our eyetracking results. Representing
the majority of participants, P14 reflected that “the one that keeps
standing out to me is the Stopwatch like that’s something that I'm
in the middle of a work out, I don’t want to be stuck looking at my
phone the whole time. I want to act quick.”

The need for accuracy and fast response times was enabled by the
larger button sizes for less complex screens enabled by Expressive
design. P40 emphasizes this point by sharing that they liked “the
start button, how it’s big and easier to press because of how big it
is...if it’s smaller it can be hard to stop and start sometimes because
you can click next to or above the button.” These design differences
can be clearly seen in Figure 8. Similar to the Stopwatch, the use

of a bold color and large button size was also preferred by our
participants for snoozing an alarm in the Alarm app. P45 stated,
“You have a giant button so you just you know you could like close
your eyes and hit it even.” In both scenarios participants discussed
that being able to act quickly reduced the potential for human error
by directing focus and attention to a singular task.

9:30

Stopwatch Stopwatch

00:00.00

Figure 8: The design of the stopwatch app put a much larger
emphasis on the Start button by using size, shape, and a text
label to highlight this action.
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However, creating more usable experiences with expressive de-
sign also means contending with the responsibilities of building and
maintaining user trust. When describing the potential benefits of
larger button sizing and color, participants began to recognize the
potential impacts of design on their agency and decision making.
We can see this tension emerge in P47’s response to the increased
size of the snooze alarm button where they shared ‘T feel like it
wouldn’t take me an extra second to press snooze but I feel like if
someone would have that, they would be more likely to hit snooze
because it’s like the biggest button on the screen.” An important fac-
tor of Expressive design is that size can drive the user’s attention
towards an item they might not want, a topic we will engage more
deeply in the Discussion.

In more complex app designs, such as Timer and Fitbit, we found
that color worked well to highlight an action in what participants
referred to as "messy” backgrounds due to the number of timers and
fitness milestones visually represented. Through the use of a pop of
contrasting color in the expressive design, participants were able to
locate the “+” button” because the color used stood out from the rest
of the screen. P23 described this experience: “If I'm looking to add a
new timer, there is a lot of content to scroll through. The redeeming
factor of E [expressive design] was that it’s like adding a new timer
was a different coloration to it.” While P04 similarly stated, “Well
design E [the expressive version], I like the fact that it’s [+ button]
larger. I also like how they are using a pop color, that the only other
place where I see it is on the main center icon.” In this circumstance,
directing attention and focus with Expressive design cues like size
and color were not seen as distracting, but as essential tools helping
focus attention ultimately supporting faster task completion.

Chop veggies

Chop veggies

5:43
(V)

30m timer

30m timer \
2:28

Figure 9: The design of the Timer app, which used a contrast-
ing color for the “+” Floating Action Button to create a new
timer.

In information-rich apps like Meet and Messages, color takes on
a supportive role in guiding users to secondary functions, buttons
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Figure 10: The change in size and color for the “Log New
Activity” button (+) in Fitbit.

used less frequently. The priority for these apps is screen space
optimization for two different reasons: 1) to focus on the content
(e.g., the face of the other person or reading messages) and 2) having
tools that could be used to complete the overall experience readily
available without being distracting. These apps require more inten-
tional use of color in order to have tools readily available to the user
to complete their overall task. In the Messages app, participants
were able to locate the audio message button quickly because they
“can just go straight to the green button and I know that is what I
am looking for” (P09). While not being the main focus or the most
common task of typing a message, color was able to call attention
to a secondary function without being distracting.

Overall, the use of color and size can support visibility around
primary and secondary-focused buttons. We saw this in apps such as
Alarm and Stopwatch where the use of bold colors and large buttons
enhanced the experience. By highlighting primary-focused buttons
in busier interfaces, the use of contrasting colors and large buttons
supported faster identification and completion of the “Log New
Activity” task in the Fitbit app. The importance of variable color
and size was reinforced in information-rich apps like Messages,
where secondary buttons such as the “Audio Message” were able to
remain easily discoverable without being overbearing.

Containment and typography can enhance usability in more com-
plex screens. In addition to using size and color to manage complex-
ity in screens with a large number of actions, our study illustrates
the value of containment and typography as Expressive design tech-
niques. Color-based containment reinforces information hierarchy
and guides the users’ focus by organizing the screen content into
logical groupings. The particular use of containment in the Google
Meet app was appreciated by participants because it separated the
controls from the video of the call as well as moved the hang up
button farther away from the mute button, two actions that are
commonly confused when quickly trying to come off of mute to
speak. P10 mentioned that they, “like how the buttons aren’t just free-
standing, they are segmented on the black bar. Feels more organized.”
P13 told us that “floating icons can be difficult to spot so having the
icons in a bar helps.” In this example, the size and tint of the larger
mute button was also able to help guide the user’s attention to the
most common action in the action bar.

In Gmail and Dialer, containment and typography supported
participants in scanning their screens to locate the body of infor-
mation needed. P31 “like[d] the fact that it’s really quick to pick out
the date” in the Gmail Expressive version. “The information is kind
of set better because there is a lot of information.” Similarly, in the
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Figure 11: A comparison of the action bars in the Baseline
(top) and Expressive (bottom) versions of Meet. In the Ex-
pressive version, the Mute control uses color, size, and shape
to distinguish itself from the other controls while providing
physical separation from the hang up button to avoid acci-
dental taps.

Dialer Expressive design, the bar to answer or decline a call “pops
out, I like how I can see the decline and answer. It’s not as small as the
one on B. Everything is more in plain view for me” (P09). In situations
with many actions, containment, color, and typography allow for
scannability to easily locate necessary information and functions.
Overall, participants noticed the visual changes in the applica-
tions and the use of color, size, and containment to guide their
attention when completing a task. For screens with many actions,
containing them in a single section and using color to highlight
important actions helped users to quickly make sense of many op-
tions. For more simple screens, large and colorful controls quickly
guided users to successfully accomplishing the main action. The
variations enabled by Expressive Design emphasize the potential
for continued usability gains while underscoring the central role of
designers to use the appropriate tactics to guide user attention.

4 Limitations

There are a few limitations of this study. First, the tasks that users
were given all involved only a single tap to complete. Real world
tasks in mobile applications often involve several screens and in-
teractions with a variety of components to complete. However
we chose single tap tasks as these are best suited for eyetracking
analysis and the fixation time questions that we had as well as
the instrument design of randomizing the screens. As mentioned
above, we chose a variety of tasks that were the primary action on
the screen (e.g. starting a timer, answering a call) and some that
were secondary actions (e.g. bolding text, un-muting a video call)
to best cover a variety of use cases. Future research should explore
more complex workflows to understand how expressive principles
impact usability over a complex multi-screen task.

Also, this study only focused on mobile interfaces as displayed
on a single device. We did not test screens on desktops, tablets,
foldables, XR, or other environments. With this work we cannot
say whether Expressive design tactics will work as well on these
other devices which provides a clear opportunity for additional
research and next steps.
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Our study was conducted in a lab setting with the device posi-
tioned at a fixed distance from the participant. This is the optimal
setup for eye tracking as real world conditions can interfere with
the calibration of the device. While we have no evidence to think
that the lab setting would affect differences in time to fixate or
tap, real world evaluations in real contexts of use (on the subway,
walking down the street, etc.) could provide additional situational
validation of increased usability.

The study was also conducted in only one city. While a diverse
set of ages, genders, and ethnic backgrounds were recruited, cul-
tural differences in other parts of the world could impact aesthetic
preferences or performance during interactions. While 48 partici-
pants is a fairly large sample for an in-lab study using eye tracking,
an even larger sample could have given us increased power to find
additional effects.

5 Discussion

Through this study we have seen that there is a large opportunity
for even some of the most researched and usable apps to become
substantially more usable. Across the 10 designs tested, we saw
significant decreases in both time to fixate on the correct component
for a task and overall task completion time. Participants were 33%
faster to spot and 20% faster to tap the correct element on the
screen across designs. The added flexibility of the design system to
offer larger component sizes, contrasting colors, containment, and
variable typography provided a significantly more usable interface.

In addition, participants strongly preferred the new designs over-
all and on five different metrics of design aesthetics. The designs
were not only more usable, but they provided a new visual language
that was preferred over the rigid defaults of Material 3 Baseline.
When every button is the same size and every screen organized in
the same way, the experience of using an app can be quite boring.
These key findings have a variety of implications for design system
creators and app designers.

5.1 The march towards better usability
continues

While Nielsen argues that additional usability gains will be hard
fought, and perhaps not worth the return on investment for most
teams [42], we have found significant usability gains can be achieved
by returning to the basic principles of design as enabled by the latest
design systems. Using size, shape, color, containment, and typogra-
phy can make key actions stand out and can reduce eye scanning
time in an interface by grouping similar actions or content together.

Returning to two of the fundamental laws of HCI, we have found
ways to increase usability while still providing the same number of
options on the screen. The Hick-Hyman Law [14] states that more
options on the screen will lead to slower interaction times. However,
not all options need to be shown with equal saliency. We’ve seen
that applying color, size, shape, or containment to primary and
secondary actions can reduce interaction time while keeping the
number of options on the screen fixed. Users will fixate on these
elements more quickly and not need to scan every item on the
screen for common actions. Similarly Fitts’ Law [23] states that
larger UI components will lead to faster interaction times. This
continues to be true with our data.
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Design has been caught in a local maximum, working within
very prescriptive design systems that set fixed sizes for components
and used minimal color differences to add emphasis. Systems such
as Material 3 Expressive show that a much wider range of flexibility
can lead to increased usability and preference for designs.

Designers can learn from this study and use these tactics to
better guide user attention in their applications whether they use
Material Design or not. Given that we studied 10 very diverse
applications, from email to fitness tracking to alarm clocks, we have
confidence that these principles could be applied to a wide array of
applications to improve their usability and overall desirability. This
can be a step change in overall system usability, and not just the
small incremental gains that many believe are all that is possible
given the state of usability today.

5.2 Design Systems should offer additional
flexibility

Over the years, Design Systems have favored uniformity over the
feeling a user has while using an application. While resulting apps
that strictly follow the Apple HIG or Google Material 3 are usable
and familiar, they tend to look and feel the same, and as we have
seen in this study are not as usable as they could be with additional
flexibility.

This study has shown that there can be benefits to offering wider
ranges of options for designers in a design system. When every
button is Material Blue and 48 dp tall, actions feel the same level of
priority and users must scan across the screen to find what they
are looking for. But for screens that have a true primary action,
increasing the size of these buttons or altering their color can make
them much easier to spot and faster to tap. This holds for secondary
actions as well, where a little contrasting color or extra containment
can add visual saliency.

This variation also provides a wider visual range across the
applications that a user interacts with, which can bring greater
feeling into each application to match its purpose. A photo browsing
app doesn’t need to look and feel like a corporate calendar app. Yet
they can follow from the same broader design system, where overall
patterns can be learned in one app and still used in others. While
providing additional size or shape variants for components, a single
stylistic design can still apply across the system for the consistency
that is important to most design systems. Design system creators
should not be afraid of variety in size, color, or shape, as long as
the system overall provides coherent components and patterns.

5.3 The Responsibility of Design

The tools of Expressive design enable greater customization and
autonomy for designers to create more engaging user experiences.
Our quantitative results clearly demonstrate that this approach
improves user focus and attention, while our qualitative inquiry
provides a nuanced understanding of how. Yet, we need to criti-
cally engage with the ethical responsibilities that accompany this
increased flexibility. Design is inherently persuasive [40, 43, 49].
As Gray et al. describe, "persuasive tech is often praised for the
good it is capable of producing in society and individual life such as
encouraging socially responsible behavior or the bettering of per-
sonal habits; there are also substantial ethical considerations" [29].
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Embracing this perspective shapes our commitment to promoting
ethical UX design by pointing out the tensions and potential for
misuse.

The very elements that our study found to improve usability,
such as size, color, containment, and typography, are also the foun-
dational elements that enable what has been termed deceptive
patterns. Originally coined by Brignull [13] as "dark patterns" to
describe dubious design approaches intended to trick users, the
term has more recently evolved to "deceptive patterns" to broaden
the types of patterns that can mislead users and to address the
racial undertones of the original term. These manipulative typolo-
gies—including nagging, obstruction, sneaking, interface interfer-
ence, and forced action [29]—are enabled by the same design choices
that our study demonstrates can lead to a more usable interface.

Our findings, which show that larger buttons and contrasting
colors reduce fixation and tap times, illustrate how these small,
micro-decisions can powerfully influence user behavior. For exam-
ple, while a large, distinct "Start" button on a stopwatch helps users
complete their task faster, a designer could just as easily use a large,
colored button to encourage a task that is not in the user’s best
interest. We saw this tension reflected in participant comments,
such as P47’s recognition that the large Alarm snooze button, while
highly usable, also subtly persuades the user to hit snooze.

While deceptive design patterns historically have been geared
towards gaining access to data or increased monetary spending
and time spent on mobile apps, video games, or online shopping,
the persuasive nature of these techniques is widespread [18, 38].
Manipulation has been proven to be a problem for users of all ages,
from adults [33] to pre-teens [51] and children [48]. Recent work
also shows a connection to social safety, highlighting that deceptive
patterns are not solely associated with financial outcomes [16] but
can result in much broader societal impacts.The double edge sword
of design is that while these tactics can be used maliciously, the same
tools of color, shape, size, and placement can also undo deceptive
patterns in tactics called Bright Patterns [12].

We argue that the increased flexibility of expressive design deep-
ens a designer’s responsibility to consider the ethical implications
of their choices but also offers more ways to counter deceptive
designs. Through our work we aim to raise awareness of the crit-
ical role that seemingly simple design decisions play in enabling
both highly usable interfaces and potentially deceptive patterns.
Research has shown that users can identify deceptive design pat-
terns when appropriately informed [18], the same should apply to
designers.

In addition, while proscriptive design systems may have placed a
ceiling’ on usability, they also provided a "floor’ for the vast majority
of apps and teams, ensuring that most apps would meet a baseline
level of usability. The shift to Expressive design systems must also
be accompanied by an increase in the quality of education and
guidelines to avoid ’backsliding’ in usability or deceptive tactics for
interfaces that are created by novice designers or engineers without
design training, as many commercial apps are today.
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6 Conclusion

We have conducted a first of its kind analysis of designs produced
using the new Material 3 Expressive design system. Through ex-
amining ten applications designed with Expressive and Baseline
Material 3 versions, we found that Expressive designs were 33%
faster for users to fixate on the correct Ul element for a task and
20% faster to tap on that element, with users over 45 years of age
improving their time to fixate by 59%, matching the performance
of other age groups. Users also significantly preferred eight of the
ten Expressive designs, and rated Expressive designs significantly
higher on a set of five aesthetic attributes.

This study has demonstrated that there is quite some room for
mobile usability to improve, in contrast with recent opinions of
usability professionals. The constraints of existing design systems
were holding designs in a local maximum. However, returning to
design basics of using size, shape, color, and containment to help
guide user attention can create interfaces that are more usable and
preferred by a diverse sample of users. Design systems can still
provide consistency, but through a larger number of stylistically
aligned variants per component.

We hope that this study encourages mobile designers as well as
those creating design systems to lean towards more flexibility in
their designs to create more optimized designs for specific types
of interactions, designs which contain more feeling and can help
users easily find the controls needed to complete their tasks. Ex-
pressive design tactics are not just about aesthetics but can provide
significantly more usable interfaces for all.
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