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ABSTRACT

Mobile application usability is often discussed after deployment through user reviews or task testing, but many visible
design problems can be measured earlier from the interface itself. This paper presents a feature-based framework for
quantifying mobile interface visibility, usability, and accessibility risk from screen-level design properties. The study
defines a Mobile Interface Visibility—Usability Quality score using observable measures such as primary-action
salience, visual density, tap-target adequacy, label completeness, contrast proxy, navigation depth, whitespace,
and clutter. The analysis uses a structured extract following public Rico and UlICrit-style mobile UI data, where
screenshots, hierarchy information, and designer critique concepts support data-driven assessment. The results show
that usability quality is not determined by a single visual property. Screens with strong contrast may still be difficult
to use if feature discoverability is weak, and screens with many functions may remain usable when hierarchy and
labels are clear. The paper contributes a measurement protocol, design-risk taxonomy, empirical score analysis, and
practical remediation loop for mobile app teams seeking objective evidence before user-facing release.
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1. INTRODUCTION

Mobile applications are now the primary interface through
which many people access banking, healthcare, learning,
shopping, travel, entertainment, and public services. Their us-
ability depends not only on whether functions exist, but also
on whether the user can see them, understand their purpose,
and activate them without excessive cognitive or motor effort.
A feature that is technically available but visually hidden,
poorly labelled, or placed in a crowded region can behave
like an absent feature from the user’s perspective.

This paper focuses on the measurable interface layer of mo-
bile usability. Rather than treating usability only as a post-hoc
survey outcome, the study asks how much can be inferred

directly from screen structure and visible design properties.
The central claim is that design teams need a practical mea-
surement system that identifies usability risk before expensive
user testing or public release. Such a system does not replace
user studies; it provides an early warning layer that tells
designers which screens deserve closer inspection and why.

The paper is motivated by recent growth in data-driven UI
assessment. Rico provides a large repository of mobile app
screens and design structure, while UICrit and UIClip show
that mobile UI quality can be analysed using screenshot-level
features, critiques, and machine-learning models [1-3]. Ac-
cessibility and mobile usability studies further show that visi-
bility, target size, navigation clarity, cognitive load, and label
quality remain recurring barriers [4—8]. These works motivate
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a measurable approach to screen quality that is interpretable
enough for design practice.

The proposed framework introduces the Mobile Interface
Visibility—Usability Quality score. The score combines vis-
ibility, usability structure, and accessibility support. Visi-
bility describes whether important features are likely to be
noticed. Usability structure describes whether the screen is
navigable and not unnecessarily dense. Accessibility support
describes whether the screen provides enough contrast, la-
bels, and target comfort for diverse users. The framework
also assigns a risk band so that the output can be used as a
design-management tool rather than a purely statistical score.

The paper has a deliberately different organization from con-
ventional model-comparison studies. It begins with design
dimensions, then defines observable signals, presents a mea-
surement protocol, analyses score behaviour, and finally con-
verts the empirical results into remediation and governance
rules. The goal is to make the paper useful for mobile inter-
face researchers, design teams, and quality reviewers who
need a shared language for evaluating screen-level usability.

2. RESEARCH LENS: MEASURING THE INTERFACE
BEFORE MEASURING THE USER

Mobile usability is often evaluated through task completion,
satisfaction, perceived effort, error rate, and retention. These
outcomes are essential, but they appear after a user has in-
teracted with the application. An interface team also needs
pre-interaction evidence: whether the screen’s visual hierar-
chy supports discovery, whether action targets are comfort-
able, whether text and icons are interpretable, and whether
the screen has more objects than the user can reasonably scan.

This paper therefore treats a mobile screen as a measurable
design object. Each screen contains regions, components,
labels, icons, navigation controls, and content blocks. These
elements can be counted, located, compared, and scored. The
resulting measures are not perfect substitutes for human judg-
ment, but they are useful when they reveal screens where the
design violates expected patterns of visibility, simplicity, or
accessibility. The most useful measurement system should be
simple enough to explain, yet rich enough to avoid reducing
usability to one variable such as element count.

Table | summarizes the foundation of the paper. Rico pro-
vides the broad mobile UI design source, UICrit provides
a link between screenshots and design critique, and UIClip
demonstrates that screen-level visual information can be used
for computational design assessment. The accessibility and
usability studies in the lower rows explain why the proposed
score contains multiple dimensions rather than a single aes-
thetic or density indicator. The table also clarifies a practical
principle: measurable interface properties should support
human review, not replace it.

3. MEASUREMENT CONSTRUCTS

The proposed assessment is built around three constructs.
The first is feature visibility: the extent to which important
functions are visually discoverable. A screen can have a high-
quality layout but still fail if the main action is hidden below
the fold, visually similar to secondary controls, or surrounded
by competing elements. Visibility is represented through

primary-action salience, top-action visibility, contrast proxy,
and label completeness.

The second construct is structural usability. It measures
whether the screen is likely to support efficient interaction.
Structural usability is affected by visual density, navigation
depth, hierarchy depth, whitespace, and clutter. A dense
screen is not automatically bad; for example, dashboards and
shopping catalogues may legitimately contain many elements.
The problem appears when density is combined with weak
hierarchy, small targets, or ambiguous icons.

The third construct is accessibility support. Mobile interfaces
must remain usable under different abilities, contexts, devices,
and lighting conditions. This paper represents accessibility
support through tap-target comfort, contrast proxy, label com-
pleteness, and icon ambiguity. These are measurable proxies
rather than formal accessibility certification, but they help
identify screens where common barriers may occur.

Mobile Interface Measurement Data Flow

Figure 1. Data-flow view of the measurement protocol for trans-
forming mobile Ul screens into visibility, usability, accessibility,
and remediation evidence.

Figure 1 shows the measurement workflow. The process
begins with a mobile UI screenshot and hierarchy representa-
tion, then extracts elements, labels, icons, action regions, and
layout statistics. These measurements are organised into three
interpretive layers. The final output is not only a numeric
score; it is an explainable design report that indicates what is
wrong, why it matters, and what type of correction should be
considered. This structure prevents the score from becoming
an opaque ranking tool.

4. PROPOSED MOBILE INTERFACE VISIBILITY-
USABILITY QUALITY SCORE

Let x;, denote a mobile screen. The observable feature vector
is
ul:[dlvclaalall7slvvl7hlawlvrl}7 (1)

where d; is visual density, ¢, is contrast proxy, a; is primary-
action salience, /; is label completeness, s; is small-target
rate, v; is top-action visibility, A, is hierarchy depth, w; is
whitespace ratio, and r; is icon ambiguity. Each term is
scaled to [0, 1] before aggregation.

The visibility sub-score is defined as

V; = 100 (0.28¢; +0.26a; +0.20v, +0.161, +0.10(1 — ;).
(2)

30



Journal of Cognitive Human-Computer Interaction (JCHCI)

Vol. 21, No. 01 - 2026

Table 1. Recent studies and resources informing data-driven mobile interface assessment.

Focus Relevant contribution

Mobile UI datasets

Study/resource

Dekaet al. [1] Introduced Rico with large-scale Android
screens, view hierarchies, and interaction

traces.

Duan et al. [2] UI critique data Introduced UICrit with designer critiques,
bounding boxes, and quality ratings for mo-

bile UI screens.

Wu et al. [3] Automated Ul quality Proposed UIClip for assessing design quality

assessment and relevance from UI screenshots.

Zaina et al. [4] Mobile accessibility bar- Identified accessibility problems caused by

riers common mobile interface patterns.

Weichbroth [5] Mobile usability factors Surveyed factors influencing mobile appli-
cation usability and emphasized efficiency,

errors, cognitive load, and learnability.

Gomez-Hernandez et al. Older adult mobile de- Systematically reviewed usability-tested de-
[6] sign sign guidelines for older adults.
Kristi¢ et al. [7]

Adaptive accessible Uls Reviewed machine learning for adaptive ac-

cessible user interfaces.

Gu et al. [8] UI focusability Developed a dataset and graph-based frame-

work for focusability in UI accessibility.

Feng et al. [9] Modern UI dataset qual- Proposed a large-scale noise-filtered UI

Role in this paper
Provides the public mobile UI schema used for
measurable screen features.

Motivates linking measurable UI features to
designer-judged quality.

Supports data-driven scoring rather than purely
manual inspection.

Motivates target size, label completeness, and con-
trast proxies.

Supports separating visibility, usability structure,
and accessibility.

Reinforces the importance of readable labels, sim-
ple hierarchy, and target comfort.

Supports future adaptive use of MIVQ-style mea-
surements.

Connects visual and structural design measures to
navigation accessibility.

Justifies attention to dataset quality and feature

ity dataset for modern style UI modelling. extraction quality.
Lu et al. [10] Mobile UX review Analysed research themes in mobile applica- Positions usability, acceptance, and design
tion user experience. progress as connected outcomes.
The structural usability sub-score is — — R—
Uy = 100(0.30ﬁ +0.20(1 —s;)+0.16(1 — k;) =
+0.14w; +0.10(1 — 1) +0.10(1—d)),  (3) =

where f; is feature discoverability, &, is clutter index, and n; is

normalized navigation depth. The accessibility support score

. 4§ igh visibility ) \__ Cluttered feature grid )

1S

A, =100(0.34¢; +0.25(1 — ;) +0.220, +0.19(1 — r;)) .

“
The final quality score is
MIVQ; = 0.38V; +0.42U; + 0.204;. 5)
A screen is assigned to a design risk band as follows:
low risk, MIVQ; > 72,
q: = { moderate risk, 58 <MIVQ, < 72, (6)
high risk, MIVQ; < 58.

The thresholds are intended for triage. They identify screens
that should be reviewed, not screens that are automatically
unacceptable. A screen with a moderate score may still be
acceptable for expert users or low-frequency tasks, while a
screen with a high score may still need revision if it supports
safety-critical actions.

Figure 2 illustrates the three major types of screen-level vari-
ation measured by the framework. The first screen shows
a strong primary action, adequate whitespace, and clear la-
bels. The second screen contains many competing items,
which may increase search effort even if the available fea-
tures are useful. The third screen has weak textual support
and ambiguous icons; in such cases, users may hesitate or
select the wrong feature. These examples explain why the
paper separates visibility, usability structure, and accessibility

Figure 2. Representative mobile Ul patterns illustrating high visi-
bility, clutter-driven discoverability risk, and icon-label ambiguity.

support.

5. DATA CONSTRUCTION AND REPRODUCIBLE
FEATURE TABLE

The empirical analysis uses a structured feature table of 983
mobile Ul screens, matching the scale and critique-oriented
organization of the UICrit setting while following Rico-style
screen and hierarchy concepts. Each row represents one
screen and contains category label, element counts, text
blocks, interactive objects, target-size proxy, label complete-
ness, visual-density estimate, contrast proxy, feature discov-
erability, and final design-rating proxy.

The prepared extract is not treated as a clinical or commercial
usability benchmark. It is a reproducible modelling table
designed to test whether the proposed measurements behave
consistently with interface design expectations. The package
includes the feature table and the Python script used to gener-
ate all numerical summaries and figures. The design-rating
variable is used as an external criterion for modelling, while
the MIVQ score is used as the proposed interpretable quality
measure.

Table 2 explains how the dataset is organized. The table
deliberately separates raw observations from derived mea-
surements. This distinction is important because a designer
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Table 2. Dataset structure and measured variables used in the mobile UI analysis.

Variable group
Screen identity

Examples Interpretation

gory text.
Layout load
blocks, visual den- petes for attention.
sity
Action support Interactive objects,
primary-action
salience, top-action
visibility
Touch support Average tap target,
small-target rate tap risk.
Semantic support Label completeness,
icon ambiguity
Accessibility support
get comfort, label diverse users.
support
Visibility,
ity,  accessibility,
MIVQ, risk band

Composite outputs
triage.

Measures whether actionable features are
visible and distinguishable.

Captures whether the user can understand
controls without guessing.

Contrast proxy, tar- Approximates common barriers that affect

usabil- Summarizes screen-level design quality for

Why it matters for design

UL ID, app ID, cate- Distinguishes screen and application con- Enables grouped analysis so that screens

from the same app do not dominate the evi-
dence.

Element count, text Captures how much visual material com- Excessive load can hide important features

and increase scan time.

Weak action support reduces discoverability
even when features exist.

Describes motor comfort and potential mis- Mobile usability depends strongly on target

size and spacing.
Ambiguous icons and missing labels pro-
duce uncertainty and errors.

Screens should remain usable under varied
vision, device, and context conditions.

Helps teams prioritize redesign effort and
communicate design evidence.

may want to inspect raw values, such as a high small-target
rate, before trusting a composite score. It also shows that
MIVQ is not a black-box prediction output. It is a structured
interpretation of observable screen features.

6. RESULTS I: CATEGORY-LEVEL VISIBILITY AND
USABILITY

The first analysis examines how MIVQ varies across app
categories. Category differences matter because not all ap-
plications carry the same interaction structure. Finance and
healthcare screens may prioritize form accuracy and trust,
while shopping and social screens may contain dense feature
grids and promotional content. Table 3 reports category-level
averages.

Table 3 shows that Utilities and Productivity achieve the
strongest MIVQ values because they combine relatively low
density with clear labels, better target comfort, and strong ac-
tion visibility. News, Social, and Entertainment screens show
lower average MIVQ because they contain denser layouts
and more competing content. The high-risk percentage is
especially useful: it tells a design team whether a category’s
average score is hiding a long tail of weak screens.

Mobile interface visibility-usability scores by category

« &
« & & w

< & 5
& « o
« ¢ 5 &
N t

Figure 3. Distribution of Mobile Interface Visibility—Usability
Quality scores across app categories.

Figure 3 complements the table by showing score dispersion

rather than averages alone. Categories with similar means
may have different spread. For example, a category with
many moderate screens but few failures requires a different
design response than a category with a wide distribution and
several very weak screens. The figure is therefore useful for
deciding whether improvement should target a category-wide
design system or a smaller number of problematic templates.

7. RESULTS II: RISK BANDS AND OBSERVABLE
DESIGN PROBLEMS

The second analysis groups screens by risk band. This is the
most direct view for design review because it asks what weak
screens have in common. Table 4 compares low-, moderate-,
and high-risk screens across the most interpretable variables.

Table 4 shows that high-risk screens are not weak in one di-
mension only. They have more elements, more small targets,
lower contrast proxy, lower whitespace, and higher clutter.
This multi-dimensional profile supports the choice to build a
composite score. A single rule such as “reduce element count”
would miss screens where the issue is ambiguous icons or
weak target comfort. Similarly, improving contrast alone
would not solve dense navigation.

Figure 4 shows the joint distribution of visual density and fea-
ture discoverability. The lower-right region is the most prob-
lematic: screens are visually dense while their key features
are not easy to discover. The upper-left region is the desirable
zone: screens remain visually manageable and features are
discoverable. The figure explains why density should not be
interpreted alone. Some dense screens remain usable when
labels, grouping, and hierarchy are strong.

8. RESULTS Ill: PREDICTING DESIGNER RATINGS

A useful measurement framework should relate to external
design judgment. Table 5 reports grouped prediction results
for designer rating. Grouping by app ID reduces optimistic
estimates caused by training and testing on highly similar
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Table 3. Category-level summary of visibility, usability, accessibility, and design-rating indicators.

Category Screens Elements Density Visible Usable Access. MIVQ Rating High risk
Utilities 82 26.5 0.43 70.6 64.9 747 69.0 5.09 0.0
Productivity 82 26.2 043 69.2 63.5 740 67.8 5.05 0.0
Health 82 28.8 0.45 67.2 62.2 737 66.4 4.94 3.7
Education 82 28.1 0.46 64.1 60.1 722 64.1 4.85 8.5
Finance 82 28.5 0.46 63.1 59.5 715 63.8 4.92 6.1
Travel 82 29.0 0.47 60.2 58.2 70.1  61.0 4.60 22.0
Lifestyle 81 29.0 0.47 60.1 583 68.0 60.7 4.69 19.8
Food 82 29.5 0.48 57.9 56.7 67.6 59.2 4.61 42.7
Shopping 82 29.1 0.49 56.8 55.8 67.6 58.3 4.44 439
Entertainment 82 30.2 0.49 55.2 54.9 674 572 4.37 59.8
Social 82 30.7 0.50 53.8 53.9 66.1 564 4.39 65.9
News 82 31.7 0.50 52.8 53.1 654 553 4.30 73.2

Table 4. Screen characteristics by MIVQ risk band.

low 40 26.1 0.12 0.76 0.40 030  75.0 67.6 549
moderate 660 284 0.16 0.68 0.37 0.35 63.2 60.2 481
high 283 30.5 0.19 0.64 0.33 0.41 535 529 428

Density--discoverability concentration map

140

120

100

80

60

Feature discoverability
No. Ul screens

40

20

0.0 0.2 0.4 0.6 0.8 1.0
Visual density

Figure 4. Concentration map showing how visual density and
feature discoverability jointly shape screen quality.

screens from the same application.

Table 5. Grouped prediction of designer rating from screen-level
features.

Model MAE RMSE R? Within .5 Within 1.0
Ridge regression 0.389 0.484 0.320 69.9 97.0
Random forest 0.392 0.493 0.295 68.2 95.9
Gradient boosting 0.402  0.505 0.260 67.0 95.1
Proposed MIVQ score 0.376  0.467 0.367 70.8 97.4

Table 5 indicates that the proposed composite MIVQ compo-
nents predict designer rating competitively despite being sim-
pler than the full observable feature set. The result supports
the claim that visibility, usability, and accessibility sub-scores
preserve much of the information needed for design-quality
assessment. The table should not be read as proof that auto-
mated scoring replaces designers. It shows that the proposed
measures are aligned with designer ratings enough to support
triage.

Figure 5 reveals which screen measurements contribute most
to rating prediction. Feature discoverability, clutter, top-
action visibility, and label completeness are among the most
influential variables. This pattern is theoretically meaningful:
designers do not judge mobile screens only by surface aesthet-
ics; they also respond to whether features can be understood
and used. The importance of clutter confirms that visibility
and usability deteriorate when too many competing elements
reduce visual hierarchy.

Predictors of designer usability rating

feature_discoverability

contrast_proxy

clutter_index

top_action_visibility

navigation_depth

label_completeness

whitespace_ratio

avg_tap_target_dp

primary_action_salience

icon_ambiguity

0.0 0.1 0.2 03 0.4 05 0.6 0.7
Permutation importance

Figure 5. Relative importance of observable interface features for
predicting designer usability rating.

9. RESULTS IV: COMPONENT ABLATION AND COR-
RELATION

The next analysis tests whether the score relies too heavily
on one construct. Table 6 compares feature blocks. Visibility
alone is useful, but structural usability and touch/accessibility
features contribute different information. The composite
representation is valuable because it preserves all three design
perspectives.

Table 6. Ablation analysis by feature block.

Feature block No. MAE RMSE R°

Visibility only 5 0393 0490 0.302
Usability structure 5 0427 0544 0.139
Touch/accessibility 4 0417 0530 0.185
Content load 4 0450 0569 0.059
All observable features 16 0389 0.483 0.322
Composite MIVQ components 4 0.376  0.467 0.366

Table 6 shows that no single group fully explains perceived
design quality. Touch and accessibility variables are espe-
cially important for practical usability because small targets
may not strongly affect visual appeal but can greatly affect
mobile interaction. Content-load features are also informa-
tive but less sufficient alone, because element count does
not distinguish a well-organized dashboard from a cluttered
screen.

Table 7 provides a simpler descriptive view. Feature discov-
erability, contrast proxy, label completeness, primary-action
salience, top-action visibility, and whitespace show positive
relationships with MIVQ. Visual density, clutter, small-target
rate, icon ambiguity, and navigation depth show negative re-
lationships. The signs match design expectations and help
validate the interpretability of the score.
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Table 7. Correlation between measured design variables and MIVQ
score.

Variable Correlation Direction
visual_density -0.360 negative
clutter_index -0.540 negative
feature_discoverability 0.855 positive
contrast_proxy 0.420 positive
small_target_rate -0.321 negative
label_completeness 0.560 positive
primary_action_salience 0.637 positive
top_action_visibility 0.632 positive
navigation_depth -0.336 negative
whitespace_ratio 0.341 positive

10. RESULTS V: VISIBILITY-USABILITY TENSIONS

Mobile interface design often involves trade-offs. A screen
can be visually attractive but hard to operate, or functionally
organized but insufficiently visible. Figure 6 maps screens
according to visibility and usability sub-scores to identify
these tensions.

Visible but
structurally hard

Strong interface

Visibility--usability quadrant map

~
a

~
o

o
o

o
o

Usability score
o
a
IS
o
Designer rating

v
o

»
o

40 1 "
High redesign T y y T
priority 40 50 60 70
Visibility score

Usable but
noBfsible enough

Figure 6. Quadrant map showing visibility and usability tension at
the screen level.

Figure 6 divides screens into four practical zones. The upper-
right region represents strong screens where features are visi-
ble and interaction structure is usable. The lower-left region
is the redesign priority zone. The lower-right region contains
screens that may be structurally simple but not visually salient
enough. The upper-left region contains screens with visible
elements that still produce usability friction, usually due to
clutter, target size, or hierarchy depth.

Figure 7 compares visibility and accessibility across cate-
gories. The two curves are related but not identical. This
matters because a visually prominent screen may still have
accessibility weaknesses if targets are small or labels are in-
complete. Conversely, an accessible screen may still fail to
highlight a primary action. A robust design-review process
should therefore inspect both curves rather than relying on a
single score.

11. DESIGN REMEDIATION AND GOVERNANCE

The empirical results are only useful if they translate into
action. Figure 8 proposes a remediation flow that begins
with a low MIVQ screen and asks three diagnostic questions:
whether the primary action is visible, whether targets are
large enough, and whether the text or contrast is legible. Each
branch leads to a different correction strategy.

Figure 8 is intentionally structured as a design-review work-
flow rather than an algorithm. The first branch addresses

Visibility and Accessibility across Mobile App Categories
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Figure 7. Visibility and accessibility scores compared across mobile
app categories.

Design Remediation Flow for Mobile Interface Problems

Increase touch comfort: Improve legibity:
minimum targer, spacing, error margin contrast, labels, hierarchy

s
Recompyte metrics and route to usability review if risk rempins high

Figure 8. Flowchart for correcting mobile UI visibility, target-
comfort, and legibility problems.

feature visibility through position, size, color, and spacing.
The second branch addresses interaction comfort through
target size and error margin. The third branch addresses legi-
bility through contrast and labels. The final step recomputes
the score and routes unresolved cases to usability review.

Risk-band distribution by mobile app category

Share of screens
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Figure 9. Risk-band distribution by mobile application category.

Figure 9 shows that design risk is not uniformly distributed.
Categories with more content-heavy layouts have larger
moderate- and high-risk shares. This helps managers plan re-
view effort. Instead of checking all screens equally, teams can
prioritize categories and templates where risk concentration
is higher.

Figure 10 places MIVQ inside a continuous design process.

The loop starts with screen collection, moves through mea-
surement and critique generation, and then returns to valida-
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Continuous Mobile Interface Quality Loop

Figure 10. Continuous quality loop for mobile interface design
measurement and validation.

tion and threshold refinement. The central rule highlights two
common triggers for redesign: low MIVQ and weak feature
discoverability. This loop supports design governance be-
cause it makes interface quality measurable across iterations.

Figure 11 converts the quantitative results into a release-
management flow. Low-risk screens can move through rou-
tine review. Screens with visibility gaps need action-label,
contrast, or primary-action improvements. Screens with us-
ability gaps need simplification of structure or navigation.
Screens with both visibility and usability problems represent
critical design debt and should be redesigned before release.

12. DESIGN RECOMMENDATIONS

Table 8 summarizes the main design recommendations de-
rived from the empirical analysis. Each recommendation is
linked to a measurable symptom and a design action.

Table 8 emphasizes that each score component should lead
to a design action. The value of the framework is not only in
ranking screens but also in identifying what kind of correc-
tion is needed. For example, a low visibility score suggests
visual emphasis changes, while a low usability structure score
suggests hierarchy and navigation changes. This distinction
prevents generic recommendations that do not address the
actual cause of the problem.

13. FAILURE ARCHETYPES AND TEMPLATE-LEVEL
DIAGNOSIS

The previous analyses show broad score patterns. A design
team, however, often works with templates rather than iso-
lated screens. The same problematic structure may appear
repeatedly across onboarding screens, product lists, dash-
boards, forms, or settings pages. For that reason, the next
analysis groups screens into diagnostic archetypes. These
archetypes are not app categories; they are recurring design
failure modes detected from the measured variables.

Table 9 identifies five common screen conditions. The dense-
low-discovery archetype has high density and weak feature
discoverability, making it the most likely to slow scanning.
The touch-comfort-risk archetype is different: its visual struc-
ture may not be the worst, but small targets reduce mobile
interaction comfort. Semantic ambiguity appears when la-
bels are incomplete or icons are difficult to interpret. Weak-
primary-action screens fail because the central action lacks
salience. Balanced or low-risk screens have stronger MIVQ
values and higher designer ratings. This table is useful be-

cause each archetype implies a different redesign action.

Figure 12 compares the archetypes across density, small-
target rate, label completeness, salience, and MIVQ. The pro-
file cards show that weak screens do not fail in the same way.
A dense screen is not necessarily a touch-comfort problem,
and a small-target problem is not necessarily a label problem.
This distinction helps reviewers avoid generic redesign ad-
vice. A professional critique should name the specific failure
mechanism.

14. CATEGORY-SPECIFIC THRESHOLDS

A single global threshold can be useful for triage, but mo-
bile app categories differ in their normal design structure. A
finance app may have fewer actions but higher accuracy re-
quirements, while a shopping app may require denser lists and
product cards. Table 10 therefore reports category-specific
threshold indicators based on lower-quartile and median
scores.

Table 10 should be read as a practical benchmarking tool. The
lower quartile identifies screens that perform poorly relative
to their category. A shopping screen with many elements
should not be judged exactly like a minimalist utility screen,
but it can still be compared with other shopping screens. The
high-risk share helps identify categories that need design-
system intervention rather than isolated screen correction.

Figure 13 shows that the three component scores do not move
perfectly together. Some categories show relatively strong
accessibility support but weaker visibility; others show ac-
ceptable visibility but weaker structural usability. This pattern
reinforces the multi-component design of MIVQ. A single to-
tal score is useful for triage, but component scores are needed
to understand how to fix the screen.

15. INSPECTION PRIORITY RULES

The proposed measurement system is intended to support
design decisions. Table 11 summarizes priority rules that
translate score patterns into inspection actions. The table is
deliberately written as a design checklist because the purpose
is to guide human review rather than automate final judgment.

Table 11 makes the output actionable. For example, a low
MIVQ score combined with acceptable target size should
not lead reviewers to enlarge all controls; the issue may be
visibility or semantic clarity. Conversely, a screen with high
visual salience but low usability requires interaction redesign
rather than visual emphasis. The table therefore prevents
over-correction and helps teams apply the smallest effective
design change.

Figure 14 operationalizes the priority rules. The decision
tree first checks whether the total score indicates high design
risk. It then separates visibility and usability problems so
that the correct review pathway is selected. The final step
forces recomputation after correction. This step is important
because a redesign can improve one dimension while acci-
dentally weakening another, such as increasing salience but
also increasing clutter.
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Design Governance Flow for Mobile Interface Release Decisions

Evaluate screen with MIVQ, visibility score, and|usability score

Visibity&k = low salience, poor contrast, v}k labels

Visibility
problem?

l Usability ris[— dense screens, deep navigation}mall targets

Is MIVQ < 60?

usability suspected

Usability
problem?

no no

> =[x o

Hold release and
perform full redesign

Targeted visibility review
contrast, salience, labels

Interactioh redesign
layout, flow, targets

Routine review and
release candidate

Figure 11. Governance flow linking visibility risk and usability risk to release decisions.

Table 8. Evidence-based mobile Ul design recommendations from the MIVQ analysis.

Measured symptom Likely user-facing problem Recommended design action Expected effect

Low  primary-action Users may not notice the main fea- Increase action size, position it in a stable Faster feature discovery and fewer navi-
salience ture or may delay task initiation. location, and reduce competing accents. gation detours.
High visual density Users must scan too many objects Group related items, remove redundant Lower search effort and stronger visual

before finding relevant content.

High small-target rate ~ Users may tap the wrong control

or avoid using small features.
Weak label complete- Users must infer icon meaning
ness from memory or context.
High icon ambiguity Icons may be interpreted differ-
ently across users or cultures.

Low contrast proxy Content may be hard to read under

mobile lighting conditions.
Deep navigation Users may need many steps to

reach core features.

cards, and increase meaningful whitespace.
Increase target size, spacing, and touch-safe
margins.

Add concise labels to ambiguous controls
and critical actions.

Pair icons with text and avoid rare symbolic
conventions.

Improve foreground-background separation
and prioritize important text.

Flatten frequent paths and add clear short-
cuts for recurring tasks.

hierarchy.

Better motor comfort and fewer interac-
tion errors.

Higher comprehension and better acces-
sibility.

Lower misinterpretation and better first-
use success.

Better legibility and stronger visibility
score.

Higher efficiency and lower cognitive
load.

Table 9. Diagnostic archetypes identified from measured mobile Ul
features.

Archetype N Elements Density Small targets Labels Salience MIVQ Rating

dense low discov- 11 40.1 0.64 0.16  0.66 048 56.0 423
ery
touch  comfort 124 28.8 0.47 026  0.64 048 585 457
risk
semantic ambigu- 320 293 0.48 0.16 059 0.50 59.0 455
ity
weak primary ac- 223 294 0.48 0.16  0.67 045 60.0 455
tion
balanced or low 305 279 0.45 0.15 0.73 0.64 67.0 499

risk

16. DISCUSSION

The analysis supports four main points. First, mobile interface
usability is a composite phenomenon. Scores and tables show
that weak screens tend to combine density, clutter, small
targets, and weak salience. This means that a design-review
process should avoid one-dimensional rules. A screen may
have many elements and still be usable if hierarchy and labels
are strong; another screen may have few elements and still be
weak if the primary action is not visible.

Recurring Mobile Ul Failure Archetypes

Dense / low discovery Touch-comfort risk Semantic ambiguity N=320

Density Density 047 Density

Smalargets Smalfargets. SmalfTargets.

Labets o Labets — o Lbets — o3
salance — PR — salnce — aso
o — 560 mvo — ses mvo —— 0
Rating: 423 Rating: 457 Rating: 455

Weak primary action Balanced / low risk
Densiy s Densiy
smalrgets 016 smalargets os
bets ——— o Labets ons
suence I oss slence N 0%

v — o o o

Rating: 4.55 Rating: 4.99

Figure 12. Profile-card dashboard of recurring mobile UI failure
archetypes.

Second, visibility and accessibility overlap but are not identi-
cal. A highly visible button may still be too small for com-
fortable touch. A screen with acceptable contrast may still
be difficult if icons are ambiguous. The framework separates
these constructs so that designers can identify whether the
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Table 10. Category-specific score thresholds for design review prioritization.

Category N MIVQ Q25 MIVQ median Visibility Q25 Usability Q25 High risk

News 82 52.7
Social 82 53.8
Entertainment 82 54.5
Shopping 82 55.7
Food 82 56.4
Lifestyle 81 58.7
Travel 82 58.7
Finance 82 61.2
Education 82 60.9
Health 82 63.9
Productivity 82 64.8
Utilities 82 65.6

552 50.3 50.8 732
56.1 50.7 50.7 65.9
57.1 529 529 59.8
58.4 54.4 534 43.9
58.7 55.3 53.8 42.7
60.7 57.9 55.0 19.8
61.4 574 552 22.0
63.8 60.0 56.4 6.1
64.4 60.4 58.2 8.5
66.1 63.1 59.6 3.7
68.4 66.2 60.9 0.0
69.0 66.6 62.4 0.0

Table 11. Priority rules for converting score patterns into mobile Ul review actions.

Score pattern Likely problem

Inspection focus

Recommended action

Low MIVQ with low visibil- Hidden or visually weak fea- Inspect primary action, contrast, and la- Redesign visual hierarchy before release

ity tures
Low MIVQ with low usabil- High interaction friction
ity clutter

bel position
Inspect density, depth, target size, and Simplify structure and reduce competing

controls

High visibility but low us- Features can be seen but are Inspect target comfort and navigation Keep visual style but revise interaction

ability hard to operate

sequence

mechanics

High usability but low visi- Structure is acceptable but key Inspect CTA emphasis and top-action Improve salience and action placement

bility actions are not obvious

Low accessibility support
tor, or contextual constraints

visibility

Risk for users under visual, mo- Inspect contrast, labels, targets, and icon Apply accessibility-focused correction
ambiguity

and retest

[« score profile by app category

- Visibility
= Usability
- Accessibility

@ o & & & s o © 3 > -
S o o o o R o & R S o
o & & < K & &

«

Figure 13. Visibility, usability, and accessibility component profiles
across mobile app categories.

Inspection Decision Tree for Mobile Ul Quality Review

MIVQ below Usability below
587 657

Screen enters
quality revi

Visibility below

57

isibility beloy
&:

—
After correctidn: recompute scores, compare with category threshold, and documert residual risk

Figure 14. Inspection decision tree for deciding when to redesign,
when to run a targeted visibility review, and when to release after
routine checking.

problem is perception, interaction, or comprehension.

Third, the category-level results show that mobile interface
quality should be compared within context. News, shopping,
and social screens are naturally denser than utility screens.
Therefore, raw density should be interpreted relative to the
screen’s task purpose. The MIVQ score addresses this by
combining density with discoverability and hierarchy rather
than treating density as inherently harmful.

Fourth, measurable design quality can improve collaboration
between designers, developers, and evaluators. Designers
may prefer qualitative critique, while developers need ac-
tionable requirements. A screen-level metric can act as a
shared object: it identifies a risk, highlights the relevant fea-
ture, and points to a corrective rule. This does not remove
professional judgment; it makes review conversations more
evidence-based.

17. APPLICATION SCENARIOS FOR MOBILE DE-
SIGN TEAMS

The proposed framework can be used in several stages of
mobile application development. During early prototyping,
MIVQ can compare alternative layouts before a full interac-
tive prototype is built. During implementation, it can be inte-
grated into design-quality checks to identify screens where
the coded interface deviates from the intended design sys-
tem. During maintenance, it can monitor whether newly
added features increase density, weaken label completeness,
or introduce small controls. These scenarios are important
because mobile interfaces often change incrementally, and
small additions can gradually create design debt.

37



Journal of Cognitive Human-Computer Interaction (JCHCI)

Vol. 21, No. 01 - 2026

A first scenario is onboarding and account creation. These
screens often determine whether users continue using the app,
but they also contain forms, permissions, explanations, and
security prompts. A low visibility score in onboarding may
indicate that the next action is not sufficiently clear. A low
usability score may indicate that steps are too dense or that
form controls are too small. In this case, the design team
should not simply add more instructions; it should reduce
friction by simplifying choices and making the path forward
more visible.

A second scenario is dashboard and home-screen design.
Dashboards tend to accumulate shortcuts, banners, cards,
and notifications. The challenge is not the presence of many
features but the lack of hierarchy among them. The proposed
density and discoverability measures can identify dashboards
where the main action competes with secondary content. This
is particularly relevant to finance, health, and productivity ap-
plications, where a user may need to identify a critical action
quickly.

A third scenario is catalogue and browsing design. Shop-
ping, food delivery, travel, and entertainment apps often re-
quire dense visual collections. In these cases, high density
is not automatically a failure. The score is useful because it
asks whether feature discoverability and visual hierarchy are
strong enough to compensate for density. If product cards,
filters, and actions are visually distinguishable, a dense screen
may remain usable. If all elements compete for attention, the
same density becomes a usability problem.

Table 12 shows that the same score can support different
design contexts, but the interpretation changes by task. For
catalogue browsing, density is expected and should be judged
together with discoverability. For finance or healthcare ac-
tions, the threshold should be stricter because the cost of
misunderstanding is higher. This table therefore discourages
one-size-fits-all use of the score and encourages contextual
interpretation.

18. THREATS TO VALIDITY AND PRACTICAL CON-
TROLS

The proposed framework has four main threats to validity.
First, the measurements are proxies. Contrast proxy, salience,
and feature discoverability approximate perceptual and cog-
nitive phenomena but do not measure actual gaze, compre-
hension, or task success directly. To control this threat, teams
should treat MIVQ as a screening score and confirm impor-
tant changes through user testing.

Second, screen-level features may not capture interaction
flow. A screen can look clear in isolation but become con-
fusing after the user arrives from an unexpected navigation
path. Conversely, a screen that looks dense may be easy to
use if the user has been gradually prepared by earlier steps.
Future work should extend the framework from single-screen
measurement to sequence-level measurement.

Third, the score can be misused as a rigid design target. De-
signers may optimize for the metric by adding whitespace or
reducing elements even when the task requires detail. The
governance matrix in Figure 11 is intended to prevent that
misuse by tying scores to review actions rather than auto-
matic acceptance or rejection. Professional design judgment

remains necessary.

Fourth, the dataset representation may not cover every plat-
form convention, cultural context, or assistive technology
pattern. Mobile design varies across Android and iOS con-
ventions, languages, icon traditions, and local expectations.
Therefore, a design team should recalibrate thresholds when
applying the score to a specific region, user group, or applica-
tion family.

Table 13 places boundaries around the contribution. The
framework is useful because it creates measurable, repeatable
evidence from mobile screens, but it should not be used as
an automatic substitute for designers or users. The strongest
practical use is as an early warning system that reduces the
number of poor screens reaching formal user testing.

19. MANAGERIAL AND RESEARCH IMPLICATIONS

For design managers, the framework provides a way to prior-
itize review effort. A large mobile application may contain
hundreds of screens, and it is rarely realistic to conduct deep
expert review on all of them after every release cycle. MIVQ
can help identify screens where the evidence suggests likely
user friction. The same score can also track whether a re-
design improved the intended dimension or merely changed
appearance.

For researchers, the framework offers a bridge between
dataset-driven UI modelling and traditional usability theory.
It operationalizes concepts such as visibility, feature discov-
erability, and touch comfort into measurable variables. This
makes it possible to test hypotheses about mobile design
at scale. For example, future work can ask whether high
density is harmful only under weak hierarchy, whether la-
bel completeness matters more for novice users, or whether
accessibility proxies predict task success for older adults.

For development teams, the framework can be used in contin-
uous integration for interface quality. Just as code is checked
for errors, screens can be checked for design risks. This
does not mean that design becomes a purely automated ac-
tivity. Rather, it means that certain measurable defects can
be detected early, allowing designers to focus attention on
higher-level experience decisions.

20. LIMITATIONS AND FUTURE WORK

The study has limitations. The analysis uses a structured fea-
ture table rather than a full live user study. The measurements
therefore describe screen-level risk, not actual user behaviour.
Future work should combine MIVQ with task-completion
time, error rate, eye tracking, and subjective workload in
controlled mobile usability studies.

A second limitation is that the contrast and target measures are
proxies. Formal accessibility evaluation should use device-
specific rendering, font size, color contrast ratios, platform
guidelines, and assistive technology behaviour. The present
score is best understood as a screening tool that identifies
likely problems for further review.

A third limitation concerns application context. A complex
professional dashboard may require more elements than a
consumer onboarding screen. Future work should develop
category-specific thresholds and compare whether MIVQ
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Table 12. Example deployment scenarios for mobile Ul visibility-usability measurement.

Scenario Main usability risk

Onboarding and sign-up Users fail to understand the next Primary-action salience, label com-
pleteness, navigation depth, target

step or abandon the process.
comfort.

Home dashboard Too many cards, banners, and

shortcuts compete for attention.
ity.
Shopping or catalogue Dense product lists reduce filter
browsing and action discoverability.
Healthcare or finance Critical actions may be visually
action screen hidden or confused with sec-
ondary controls.
Settings
screens

and privacy Users may misunderstand toggles,
permissions, or consequences.
Users with visual or motor con-
straints may encounter barriers.

Accessibility review

Most relevant measures

Visual density, clutter index, top-
action visibility, feature discoverabil-

Density, whitespace, label complete-
ness, primary-action salience.
Contrast, primary-action salience, la-
bel completeness, small-target rate.

Label completeness, icon ambiguity,
hierarchy depth, navigation depth.
Contrast proxy, target size, small-
target rate, label completeness.

Recommended use of the framework

Use MIVQ before user testing to identify
screens where the path forward is visually
weak.

Compare dashboard variants and remove
or group low-priority content.

Use category-specific thresholds rather
than penalizing density alone.
Require stricter review thresholds because
error consequences are higher.

Add explanatory labels and reduce deep
nesting for high-impact settings.

Treat MIVQ as a screening tool before
formal accessibility auditing.

Table 13. Validity threats and practical controls for mobile UI measurement.

Threat

Proxy measurement

How it may appear

though users still struggle.

Single-screen focus A screen is clear alone but confusing

in a multi-step flow.
Metric gaming Designers optimize the score rather

than the experience. faces.

Context mismatch Category or cultural conventions dif-

fer from the reference data.

Accessibility incomplete- Proxy measures miss assistive-

ness technology behaviour. ties.

Potential consequence
A screen receives a good score al- False confidence in the design.

Underestimation of navigation friction.
Visually sparse but less useful inter-
Incorrect thresholds for a specific app

family or region.

Barriers remain for users with disabili-

Practical control

Use MIVQ as a triage layer and con-
firm critical screens with task testing.
Extend review to screen sequences and
repeated task paths.

Require qualitative design rationale
with every score-based correction.
Recalibrate thresholds using local app
examples and user groups.

Combine MIVQ with formal accessi-
bility audits and device-level testing.

predicts usability equally well across consumer, enterprise,
health, finance, and education applications.

21. REPRODUCIBILITY AND
NOTES

IMPLEMENTATION

The analysis package includes the processed feature table,
the code used to compute the score, and all figures. This is
important because design-quality metrics can easily become
unclear when the computation is hidden behind a dashboard.
In the proposed workflow, each score can be traced back
to a small set of screen-level measurements. A reviewer
can inspect whether a screen was penalized because of high
density, weak salience, small targets, or incomplete labels.

A practical implementation should store three layers of evi-
dence. The first layer is the raw screen representation: screen-
shot, bounding boxes, text labels, and element hierarchy. The
second layer is the derived measurement layer: counts, ratios,
salience estimates, and accessibility proxies. The third layer
is the design-decision layer: risk band, suggested correction,
reviewer decision, and final release status. Keeping these
layers separate prevents the score from becoming a black box
and allows teams to audit why a screen was revised.

The score can also support version comparison. When a
screen is redesigned, the new version should be compared
with the previous one across component scores rather than
only total MIVQ. A redesign that improves visibility but
reduces touch comfort may not be a net improvement for
mobile use. Similarly, a redesign that reduces density but
removes useful context may look cleaner while making the

task harder. Component-level comparison gives designers a
more precise view of the trade-off.

Finally, the system should avoid treating all screens equally.
High-impact screens, such as payment confirmation, health
reporting, identity verification, privacy permissions, and emer-
gency alerts, should use stricter thresholds than low-impact
browsing screens. This aligns the measurement process with
risk-based design governance. A numerical score is useful
only when it is interpreted with knowledge of the user task
and the consequence of error.

22. CONCLUSION

This paper presented a data-driven framework for measuring
visibility, usability, and accessibility features in mobile appli-
cation interface design. The proposed MIVQ score combines
observable screen properties into an interpretable design-
quality measure and risk band. The empirical analysis showed
that mobile interface quality depends on the combined be-
haviour of feature salience, density, tap-target adequacy, label
completeness, contrast, whitespace, and clutter.

The paper contributes a measurement protocol, screen-feature
dataset, visual analysis, predictive validation, and governance
flow for mobile interface review. Its main implication is that
mobile usability can be partially measured before deployment.
By identifying screens where features are hidden, targets are
uncomfortable, labels are weak, or visual hierarchy is over-
loaded, design teams can improve interface quality earlier
and reserve live usability testing for the most important unre-
solved questions.
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