ALTIFY: Shift-left Icon Alt-text for Mobile App Developers

Sabrina Haque
Computer Science and Engineering Department
University of Texas at Arlington
Arlington, Texas, USA
sxh3912@mavs.uta.edu

Abstract

Meaningful descriptions or alt-texts are essential for mobile app ac-
cessibility, yet it is often missing or uninformative, particularly for
Ul icons. Existing approaches typically require large task-specific
training sets and generate or audit alt-text post-development, after
an interface is complete. We report findings from a formative study
showing that developers strongly prefer alt-text support at the mo-
ment they add Ul elements, rather than after screen completion.
Based on this insight, we propose ALTIFY, a system that automates
alt-text generation for UI icons during app development (i.e., using
only partial screen context). ALTIFY extracts relevant Ul informa-
tion from the view hierarchy tree and icon image to generate short,
descriptive alt-text suggestions. An initial evaluation on a bench-
mark dataset with automated metrics suggests that meaningful
alt-text can be generated even without full-screen context.
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1 Introduction

Automatic generation of alt-text for an app icon currently either
yields low-quality alt-text or requires programmers to wait until the
code of a complete app screen is available. Waiting until a screen
is complete causes programmers to lose important mental context
information (which makes it harder for the developer to judge
inferred alt-text). Taken together, most programmers today do not
use tools for generating icon alt-text (and we have also observed
this lack of tool use in our surveys).

Across web and mobile apps, user interfaces rely on small inter-
active graphical Ul elements (i.e., icons and image buttons), whose
meaning is primarily conveyed visually. To support non-visual
interaction, platforms encourage developers to provide for these
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UI elements short textual descriptions, aka alt-text (e.g., alt or
ARIA tags on the web and contentDescription on Android). Most
users with visual impairments rely on such alt-text (as conveyed
via screen readers such as TalkBack and VoiceOver [19, 21, 38]) to
learn about an UI element’s purpose and navigate the app [10].

Although guidelines and regulations mandate digital accessibil-
ity [1, 36], adding alt-text is often an afterthought in development,
e.g., due to the required manual effort [12], tight deadlines, lack of
prioritization during development [15], and an overall lack of imme-
diate impact on core functionality [6, 16]. So many apps ship with
inadequate or missing alt-text [3, 12, 16]. Missing alt-text remains
common in Android apps, with 86% of clickable ImageViews and
55% of ImageButtons lacking a contentDescription in Rico [11, 33]
and similar rates persisting in the 2024 MUD dataset [14].

In practice, most accessibility tools focus on post-development
activities. Addressing accessibility issues late in development re-
quires developers to revisit completed work, which disrupts work-
flow and introduces context-switching overhead [8, 12]. Prior work
therefore emphasizes shift-left accessibility, calling for accessibil-
ity tools that support accessibility earlier and more continuously
during development [6, 13, 28]. A prior study on icon labeling has
also called for tool support at the moment of change “At a smaller
scale, developer tools might also target moments of change corre-
sponding to new interface elements [..]” [16]. Despite these calls,
it remains unclear when developers prefer to receive automated
alt-text support during UI development.

Recent work has made great progress toward automatically in-
ferring alt-text for UI elements. While early deep-learning tech-
niques (LabelDroid [9] and Coala [27]) struggled with generating
meaningful alt-text for less-common icons, more recent vision-
transformers (Pix2Struct [22]) and vision-language models such
as PaliGemma [7] achieve strong performance but typically as-
sume access to a complete UI screenshot. Overall these approaches
also rely on large task-specific training datasets. As a result, these
approaches can generate meaningful alt-text only after an entire
screen is implemented, when developers may have already lost
important mental context needed to judge the output.

To address these gaps, we divide our contributions into two parts.
First, we conduct a formative study to understand developers’ cur-
rent practices and preferences regarding automated alt-text support,
with a focus on when such support would be most useful. Second,
motivated by these findings, we propose ALTIFY for generating
icon alt-text during development (i.e., using partial UI context) and
present an initial feasibility evaluation.
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While we instantiate ALTIFY on Android’s XML-based UI frame-
work, the same design principles apply to newer Android frame-
works such as Jetpack Compose and other platforms with compara-
ble UI structures, such as iOS and the web. Our ALTIFY implemen-
tation, data, fine-tuning configuration, and evaluation scripts are
publicly available [20]. To summarize, we study the following two
research questions (RQs).

RQ1: When do developers (and especially junior ones) want
automated alt-text support during UI development?

RQ2: Can we generate high-quality alt-text for Ul elements when
the developer adds or edits a Ul element, i.e., based on the current
(partial) screen code with minimum task-specific prior data?

2 RQ1: Developers: “Shift-left Alt-text”

As existing work has not yet asked developers when in the devel-
opment process they would prefer to generate alt-text [25, 37], we
conducted an online survey. We primarily targeted junior develop-
ers, as they are less familiar with accessibility requirements and tend
to produce lower-quality alt-texts [9]. We recruited participants
through multiple channels, including computer science students
with app development experience, Reddit, and LinkedIn outreach.
To encourage honest feedback the survey was anonymous.

We received 52 responses, skewed toward junior developers (i.e.,
60% < 1 year experience in mobile app development, 19% 1-3 years,
6% 4-6 years, and 15% over 6 years). As their primary development
platform, 60% selected Android, followed by iOS (13%), Android+iOS
(13%), web (10%), and none (4%). A minority (23%) had worked on
apps that required accessibility support (“Have you worked on apps
that require accessibility features (e.g., support for screen readers)?”).

68% indicated that they currently add alt-text to at least some
image-based Ul element (“Do you currently add alt-texts for image-
based UI elements (e.g. icons, buttons)?”). When asked how they
generate alt-text, the most common technique was manual author-
ing (50%), followed by other (12%) (“How do you currently generate
alt-text for image-based Ul elements (e.g., icons, buttons)?”). The lat-
ter includes answers such as using predefined text, Al-generated
suggestions with manual review, and relying on third-party teams.

Table 1: Developer interest and preferred project stage for
automated alt-text generation. Omits “no response”: 6%, 4%.

Would use IDE plugin to generate alt-text (%)
Yes, regularly 23
Yes, occasionally 46
Might use if certain criteria met 15
No 10
When to generate alt-text (%)
Wireframing / initial design 19
As soon as I add a Ul element to the screen code 44
After I added all Ul elements to the current screen area 17
After we added all Ul elements to the current screen 4
After we added all UI elements to all app screens 12

The majority (69%) indicated they would use automated alt-text
generation occasionally or regularly, with another 15% expressing
conditional interest (Table 1: “Would you be interested in using a
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plugin for automated generation of alt-texts in your development
workflow?”). Conditions cited include minimal disruption to de-
velopment flow, ease of integration, and specific features such as
“It would have to identify any text in the image and take that into
account when generating alt text”.

Only a small minority (16%) prefers to delay using such a tool
at least until an entire screen is available (Table 1: “If such a tool
was available, at which stages of development would you find it most
helpful?”). The most popular option (44%) was “Screen UI code in-
progress (as soon as I add a Ul element to the screen code)”. Most
participants (79%) rated the ability to edit or approve generated
alt-text as important or extremely important (“How important is
it for the tool to allow customization of the generated alt-text (e.g.,
editing or approving suggestions)?”). A majority (56%) preferred to
review generated alt-text immediately after adding the UI element
(“If you would like to review the generated alt-text to ensure accuracy,
when would you prefer to do it?”), when relevant context is still fresh
and evaluation requires less cognitive effort.

3 ALTIFY Design

Figure 1 illustrates ALTIFY’s workflow. Based on our formative
study, ALTIFY generates a Ul icon’s alt-text when a developer adds
or edits an icon in the current screen’s view hierarchy code. To
leverage the context available (the icon’s pixels and textual info),
ALTIFY uses a multimodal fine-tuned LLM (currently GPT-40).

Partial Ul Context Human-
! Annotated Icon
Captions
View | | ! Fine-tuning
Hierarchy E
Context .
Prompt Suggested Alt-
" P text
In-lcon Text Generation |_Rewind 15 seconds
(OCR)
Developer
| |
con mage Review & Edit

Figure 1: On icon add or edit in the view hierarchy, ALTIFY
extracts the current context of icon (I), parent (P), siblings
(S), and activity (A), the icon image, and in-icon text.

ALTIFY detects a new or edited icon based on UI class (currently
ImageButton and ImageView) and extracts its relevant “developer-
side” properties! from the view hierarchy, i.e., the app screen (“ac-
tivity”) name and the icon’s textual properties (i.e., class name,
resource ID, and on-screen text).

As related Ul elements are typically grouped within a UI con-
tainer, ALTIFY also identifies the icon’s parent node in the view
hierarchy and extracts similar textual properties from this parent
and the parent’s current direct children—the icon’s sibling nodes.
Listing 1 shows the icon context extracted for the Figure 1 icon.

Icons sometimes contain embedded text that conveys functional
meaning but is not represented in the view hierarchy. We extract

'We call these properties “developer-side” as developers interact with and thus benefit
from them frequently (e.g., during coding and debugging), leading to higher quality
than accessibility attributes that a developer typically interacts with rarely.
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"app_activity_name": "is.abide.ui.PlayerActivity",
"UI_element_info": {
"class_name": "AppCompatImageButton",
"resource_id": "rewind_button" 3},
"parent_node": [
{ "resource_id": "toggle_layout" 3},
{ "class": "LinearLayout" } 1,
"sibling_nodes": [
{ "resource_id": "background_music_button",
"class": "AppCompatImageButton" 3},
{ "resource_id": "autoplay_button",
"class": "ToggleButton" } 1]

Listing 1: The Figure 1 icon’s context (icon, parent, siblings,
and activity) that ALTIFY extracts from the view hieararchy.

such in-icon text using optical character recognition (OCR) with
EasyOCR [17] and add it to the icon’s context. While multimodal
LLMs can recognize text, OCR is cheap, reliable, and local. ALTIFY
uses the extracted context in the Listing 2 prompt template.

"You are an accessibility assistant to a mobile app developer.
The attached image is of a UI element (icon) which has the
following view hierarchy content:

{icon context}

Generate a short (within 2-7 words), DESCRIPTIVE alt-text for the
UI element. Provide only the alt-text as output, nothing else.
Describe the element as if you were the app developer to HELP
VISION-IMPAIRED USERS understand its FUNCTIONALITY and PURPOSE.
Avoid generic words like 'button', 'image', 'icon' etc."

Listing 2: Prompt template of ALTIFY.

ALTIFY’s output is a suggestion that developers can accept, revise,
or regenerate as the UI evolves. This aligns with developers’ prefer-
ence for human-in-the-loop workflows and helps prevent incorrect
or misleading descriptions from being applied automatically.

4 RQ2: Initial Quality Evaluation

As an initial quality evaluation, we compare generated alt-texts
against human-written descriptions using automated text-similarity
metrics [18]. While such metrics do not directly measure accessibil-
ity effectiveness, they provide an initial signal of whether generated
alt-text aligns with human-perceived icon meaning.

As ground truth we use the widely used Widget Captioning
dataset (WC20) [23]. WC20 extends the Rico [11] dataset of An-
droid UI screenshots and view hierarchies by adding to each UL
element up to three independent human annotations. Following
prior work [27] we extract from 8,201 WC20 app screens 21,314
icon elements (ImageView and ImageButton).

We compare ALTIFY against representative approaches across
three categories: classic deep-learning (LabelDroid [9] & Coala [27]),
vision-transformers (Pix2Struct [22]), and vision-language models
(PaliGemma [7]). We evaluate all methods on the standard WC20
test split, which contains 1,635 icons and their 4,419 human-written
(ground truth) labels. We measure alignment with these labels with
standard text distance metrics from MS COCO [18], where higher
scores mean closer matches. Among the metrics, CIDEr and SPICE
have shown stronger alignment with human judgments [4].

To fine-tune LabelDroid? and Coala® on WC20 we use the tool
authors’ released code and configurations. For Pix2Struct* and

Zhttps://github.com/chenjshnn/LabelDroid, accessed Jan. 2026
3https://github.com/fmehralian/COALA, accessed Jan. 2026
“https://huggingface.co/google/pix2struct-widget-captioning-large, accessed Jan. 2026
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PaliGemma®, we use publicly available models already fine-tuned

on WC20 and evaluate them under two visual-context conditions.
In full-screen (their original setup), we provide the complete UI
screenshot as input and mark the target icon with a red bounding
box. In partial-screen, we restrict the visual input to the icon’s
local context, retaining the icon, its parent container, and sibling
elements, leaving the rest of the screen blank (black). The latter
setup approximates development-time scenarios where the app
screen is incomplete.

We fine-tune ALTIFY on a small, diverse subset of WC20. Follow-
ing prior work [24], we sample 15 representative icons from each of
99 icon-concept clusters, plus a catch-all “other” category, resulting
in 1,425 icons drawn exclusively from the WC20 training split. No
apps or screens overlap with the test set. We fine-tune Altify using
gpt-40-2024-08-06 via the OpenAl API [31, 32] for three epochs
under identical conditions. This setup is conservative in the sense
that we limited ALTIFY to train on a small subset, i.e., 8% of the
WC20 training icons (1,425 / 18,176), while training the other tools
on WC20’s full 18,176 icons.

4.1 AvTIFY: High Scores on Automated Metrics

In our Table 2 results the classic (fine-tuned) deep-learning models
achieved similar CIDEr scores as our zero-shot ALTIFY baseline (i.e.,
ArTrFy with all its input except the fine-tuning step). This observa-
tion suggests that modern LLMs already capture substantial visual
semantics for icon description without task-specific adaptation.
The fine-tuned ALTIFY substantially improves over its zero-shot
baseline, indicating that even limited task-specific fine-tuning can
meaningfully enhance the model’s ability to generate semantically
plausible icon alt-text from partial UI context.

Table 2: Automated quality metric scores of ALTIFY vs.
LabelDroid & Coala baselines, Pix2Struct vision-transformer,
and PaliGemma VLM for full/partial (f/p) UI; M = METEOR;
bold = best score; underline = runner-up; higher scores align
closer with human annotations.

BLEU-1 BLEU-2 ROUGE M CIDEr SPICE

LabelDroid 28.4 17.7 31.7 12.5 59.4 10.6
Coala 35.3 24.1 34.0 14.2 66.3 9.4

Pix2Struct-larger ~ 41.9 28.1 417 184 89.5 14.8
PixZStl‘uct-largeP 35.6 23.9 35.1 15.7 73.7 10.7
PaliGemma-448¢  55.4 41.6 56.2 247 1271 218
PaliGemma-448P 53.6 39.3 55.9 24.1 1235 20.6

ArTIFY (0-shot) 34.1 17.4 37.4 18.7 61.6 11.9
ALTIFY 61.0 44.5 59.2 277 1383 23.2

ALTIFY consistently performs better than all existing approaches,
particularly in partial screen conditions (“p” variants). Across exist-
ing methods, performance generally degrades as available visual
context is reduced from full to partial screens (which is expected
as it removes context information). Overall, these results suggest
that generating meaningful icon alt-text during development (i.e.,

Shttps://huggingface.co/google/paligemma-3b-ft-widgetcap-448, accessed Jan. 2026
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from partial screen context) is feasible and ALTIFY is better suited
for the task than existing approaches.

4.2 Human Analysis of Low-Scoring Alt-texts

To better understand the cases where ALTIFY scored low on auto-
mated metrics, we manually reviewed 50 random test icons from
the 200 for which ALTIFY’s outputs had the lowest overlap with
ground truth labels. Our goal was not to reassess metric perfor-
mance, but to understand why mismatches occur. Following are
the main causes (Figure 2 shows two representative examples).

-
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Figure 2: Sample screens (excerpts for space) where ALTIFY
deviates from the ground truth: Target icon (red box); icon’s
parent (green box, not marked for tools); ground truth (Ref).

Context-driven Semantic Mismatch (32/50): The view hierarchy’s
UI context strongly influences the generated alt-text. In the Fig-
ure 2a example, the substring “line” occurs in the icon’s context
several times, yielding a ALTIFY alt-text that deviates from the ref-
erence labels, while still remaining meaningful. These cases often
reflect semantically valid but differently phrased outputs.

Icon Image Misleads Inference (11/50): The icon’s visual appear-
ance leads to ambiguous interpretations. For example, the Figure 2b
icon resembles both a stylized Google Play Store icon and the
widely used media “play” icon. While contextual cues suggest an
ad, ALTIFY’s output does not fully capture the intended function.

Vague Icon (7/50): The icon’s ground truth labels differ widely
among each other, indicating annotator confusion. Developer re-
view is especially valuable here, as developers best understand the
intended meaning.

Overall, low metric scores reflected ambiguity rather than unus-
able alt-text. This reinforces the importance of allowing developers
to review and edit generated alt-text during development.

4.3 Threats to Validity

Internal Validity: ALTIFY relies on the context extracted from Ul
view hierarchies and screen images. As detailed in our error analy-
sis (Section 4.2), some failures stem from misleading or noisy DOM
content, ambiguous icon images, or vague semantics that confuse
even human annotators. Additionally, errors in DOM parsing or
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OCR (e.g., missing resource IDs or failed text extraction) may de-
grade input quality and affect the quality of generated text.
External Validity: The WC20 dataset may have leaked into GPT-
40’s training data, which may skew RQ2 results. While this risk is
hard to quantify, ALTIFY’s 0-shot performance (Table 2) is notably
weaker than ALTIFY’s (which fine-tunes on our WC20 sample),
suggesting GPT-4o likely did not memorize the WC20 test data.
Construct Validity: Metrics like CIDEr do not always align with
human judgment, especially in subjective, context-rich UI tasks. To
mitigate this threat, we will conduct a human subject study.

5 Related Work

Most existing accessibility tools operate post-development, e.g., re-
cent work on using (LLMs) to detect and repair accessibility issues
in Android apps [2]. FixAlly suggests automated repairs [26], but
requires developers to return to already implemented UI compo-
nents. AltAuthor and AltCat generate alt-text for web images using
broad webpage-level context, targeting all on-page images (vs. UI
icons) [34, 35]. AltCat further emphasizes culturally appropriate
descriptions based on the target country. In contrast, our work tar-
gets Ul icons and supports development-time inference (i.e., relying
only on partial UI context).

Al coding assistants (e.g., GitHub Copilot) may improve acces-
sibility, but typically only when developers explicitly prompt for
accessibility-aware output, making their effectiveness dependent
on developer expertise and awareness [29]. Extensions such as
CodeAlly add accessibility-focused guidance by prompting de-
velopers to address errors or complete placeholders [30]. While
such tools improve compliance and awareness, they still rely on
developers to manually author alt-text.

Many tools also require developers to manually locate and fix
problems, which is time-consuming [26]. Static analysis tools such
as Android Lint [5] flag missing alt-text but do not generate mean-
ingful suggestions, and developers often disable such warnings [37].

6 Conclusions And Future Work

Alt-text is essential for accessibility, yet app Ul icons often lack
meaningful descriptions, limiting accessibility for screen reader
users. Existing approaches require extensive labeled datasets, as-
sume full UI screens, and operate post-development. Through a
formative study, we show that developers prefer receiving alt-text
support early. We thus introduced ALTIFY, a development-time ap-
proach for generating icon alt-text from partial UI context. Our
initial evaluation suggests that semantically meaningful alt-text
can be generated even when full screen context is unavailable, sup-
porting the feasibility of early, in-context accessibility assistance.

We plan to integrate ALTIFY into real development workflows
and evaluate its impact on usability, trust, and accessibility out-
comes. ALTIFY could be integrated into IDEs using existing mecha-
nisms such as inline hints or quick-fix recommendations.
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