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MOTIVATION
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MOTIVATION

Prevalence of Dark Mode, and Its Fragility

92% of software 82.7% of mobile users 60% reduced bounce
engineers prefer dark mode keep dark mode as their rate after one site (Terra)
in their development system default added a dark theme

environment

Drift Issue of Dark Mode Design

We examined 213 real-world
* Built by hand or by a browser extension, the complaints: 104 GitHub issues, 54

dark version often drifts from the light one. X/Reddit posts, 55 dark-mode
* No automatic checking is available, yet. extension reviews.

Sources as cited in the paper: forms.app and thesmallbusinessblog.com (2025); web.dev Terra case study (2021).
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PROBLEM

Complaints About Inconsistency Issues

<  Post <  Post

‘r} Jane Seidel &) @ Nakul e B

Why doesn't new Slack have white text for the sidebar on dark mode | This is one more bug, when the battery drains to 20% then dark mode is
literally cannot read this | keep missing messages turned on but in Instagram there is a white block on top of the screen as

OuU Ccan see.
'Y X y

3:42

& nakkkulll

& Post

gf \ Jenna 3 -

In my experience, social media is God awful on Android. Many bugs and
glitches. Recently there's been this new bug that makes Instagram
switch from dark mode to light mode and half and half. This makes text

hard to read and makes the app inefficient

14Viev In this image you can see the bug. Its incredible annoying and so bad! (Instagram dark mode)
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PROBLEM

Four Ways Dark Mode Goes Wrong

MOViEwe: © MOViEEwE: ©  Sigmaos
™M Premium © M Premium @
Start Monthly Plan Start Monthly Plan
PayPal PayPal Co-browse Together
N ” with Collaborative
All Premium plans include All Premium plans include
Workspaces «
@ Ad-Free Experience % Ad-Free Experience
P Access To Exclusive Stories & Original . Access To Exclusive Stories & Original
Series ? series ]
@ Special Status & Privileges % Special Status & Privileges
$49.99 USD $49.99 USD
<

o

Product Hunt Launch Checklist

o

Monthly Monthly
$5.99 USD

Automatically renews. Billed once at the beginning of the
period. Cancel anytime. Terms apply.

c Layout

A button's outline vanishes

$5.99 USD

"Hey, can you send
me the link? No,
wait... nope, not that
one...the other one..."

e Text

L sigmaos

)
~
Product Hunt Launch Checklist

o

A heading turns unreadable

21159 o T @

Th‘read 0
a ton of honey when | blew out my
voice in theater. That along with a
good vocal warmup, like &%

mentioned.
+3 @
—

thanks, all good tips, i'll try all this!
At @

| S

Hope you feel better soon, s
V2 @

[
Oh boy feel better. The steamer is a
good idea. Drink tons of water.
Stretch and massage, your neck and
throat. Avoid dairy and very hot or
very cold drinks.

If you're NOT a fan of
licorice (like me.. could never get

Add a reply

2129
Thread
a ton of honey whe
voice in theater. That along w

good vocal warmup, like
mentioned

[y

thanks, all good tips, i'll try all this!

A1 @
L T

Hope you feel better soon,

Reaction icons disappear

login =

Panzoid wgin = Panzoid

Welcome back Welcome back

G Continue with Google G Continue with Google

Email or username Email or username

password Password

Forgot password? Forgot password?

LogIn LogIn

New to Panzoid? New to Panzoid?

Create an account Create an account

0 Incomplete conversion
The page simply stays light

Inconsistency: an element that is visible or functional in one mode becomes invisible, illegible, misplaced or functionally different in the other,

beyond the expected change of color and contrast.
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CHALLENGE

Visual Similarity Does Not Imply Consistency

A correct conversion A conversion that never happened
4 N\ Many pixels 4 N 4 N\
© change during © ©
] t ] ]
a correcC .
conversion N e
® —| © changed
A pixel diff flags the whole A pixel diff reports a
screen. =2 [ — perfect match. The page
is broken.
\ J - J - J
Light Dark Light "Dark"

Visual similarity is not the criterion for inconsistency.

Instead, we check this: Does the conversion preserve visible structure and elements?
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CHALLENGE

Off-the-shelf Tools Are Ineffective

Vision-language models (VLMs) Accessibility checkers Naive element matching

= 4t Developers = % Developers

Connect with us Connect with us

° \° ] ! h
} N i a Player Profile

5 Profile
je ['rivate Search

Meet us at events w v oftne

Members of the Android Developer Filing, 4 8 Axed
Relations Camera & Media team will be
at these events, and we'd love to meet T“"r' oy Ryan oyivan

you in person!

2208 E ®

GDG LONDON

Mobile Mastery Mobile Mastery | 1 3
Android Unleashed Android Unleashed ? G

Join us on Feb. 13, 2025 for Join us on Feb. 13, 2025 for I o0 R 00 R
“Mobile Mastery Android Anonymous

Unleashed", a groundbreaking y

event hosted by GDG London, 5s and browse othe s 1d browse o

where the future of mobile ot 2=t I - fth

technology comes to life! 298 Karma 298 Karma
Engineers from the Android 0 High skill 0 High skill
Media team will share details ia | 0 Friendly attitude 0 Friendly attitude

about the video editing and about the video editing and : D Sraat commmunication 0 G et nication
processing pipeline that you can processi that you can

The verdict may be right, but the Built for one mode at a time. Here OCR and object detectors are
boxes land in the wrong place. OwlEye raises issues on a pair that is unstable across modes
actually consistent. —> a consistent pair gets flagged
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APPROACH

ChromaEyes Methodology

©

1 Capture

Replay the same navigation
in light and in dark mode.
One screenshot pair per
scroll position.

Target web
application

Navigation and
capture

Pairs of screenshots

Light mode Dark mode
ChromakEyes - ISSTA 2026

2 Localize

Extract edge map with Canny.
Extract bounding boxes with

text (OCR) and objects (UIED) _,
in each screenshot.

GUI element
detection and
localization

Detected
elements with
bounding boxes

o b
D Edges

Light mode Dark mode

Text and objects
Incomplete conversion

Inconsistency detection

Layout Inconsistency

Object/Text Inconsistency
E"B\. OEI

—

4 Report

A verdict per screenshot and
per application, with the
affected elements boxed.

= Screenshot-wise @
(w = LY

. [ee ]

—— Application-wise : =
Pairwise PP B

Inconsistency

Results Inconsistency Analysis

Verdict



APPROACH - DETECTOR 1 OF 3

@ onlyinlight mode

Layout Inconsistency Detection ® oy indrk moc

@ inboth modes

MOViEwes  © MOViEwes  © Light-mode edges Dark-mode edges Overlay

™M Premium @ M Premium @
Start Monthly Plan Start Monthly Plan 4 N\ Ve N\
PayPal PayPal
All Premium plans include All Premium plans include
@ Ad-Free Experience Ad-Free Experience
Access To Exclusive Stories & Original Access To Exclusive Stories & Original
Series Series
@ Special Status & Privileges Special Status & Privileges
Annual Annual
-—
$49.99 USD Save 30 $49.99 USD Save 30 —
o
Monthly Monthly
$5.99 USD $5.99 USD
PayPal PayPal
- J - J
Automatically renews. Billed once at the beginnin, g of the
period. Cancel anytime. Terms apply.

Real case: the PayPal button loses its
outline in dark mode.

Any red or green left in the overlay trigger a layout-inconsistency flag

ChromakEyes - ISSTA 2026 9



APPROACH - DETECTOR 2 OF 3

Text and Objects Inconsistency Detection

c Pair by position
Match each text or object boxto a box atthe —> @ Counterpart found: consistent
same place in the other mode (loU 2 0.5), in
both directions.

l no counterpart found

. . Matching edges: suppress the
a Verify with edges — @ didate

Crop that region from both screenshots and
compare the edges inside the two crops. ® Different edges: flag a

potential inconsistency

OCR and object detectors often see an element in one mode and miss it in the other.

Edge verification reduces false positives from unmatched detections.
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(¥ SigmaOs

L Sigmaos

Co-browse Together
with Collaborative

Wor-kspaces ©

"Hey, can you send
me the link? No,
wait... nope, not that

one...the other one..."

Real case: headings found in light
mode only, edges differ, so the pair is
flagged.

10



APPROACH - DETECTOR 3 OF 3

Incomplete Conversion Detection

Real case: Panzoid o Mask every detected element. What remains is the background.

Light mode Dark mode, switched on e Take the dominant background color in each mode.
Panzoid Lgin =1 Panzoid Login =

Panzoid =~ =1 Panzoid s = | © 1udge the dark-mode background:
1
I

Welcome back | Welcome back Example: light - dark  The dark-mode background is... Verdict
I
~ . ) | ~ ) . . .
7 Continue with Google «7 Continue with Google D D Stl" Ilght .
I
) : ) - R, G and B all at least 250 @ Incomplete conversion

1

Email or username ! Email or username
| = D The same asin light mode @ Incomplete conversion

bassword L assword S Identical color in both modes
|

Forgot password? Irorgot password? S . Anything else
' nver

LogIn LogIn — 2 The background color changed ® Converted

1
I

j RGB 255,255, 255 :D RGB 255, 255, 255 colDiff = 80/250 (Material Design guidance). Pages that are dark in light mode (RGB < 80) are skipped.
1

Other tools look for what is missing.
@ Uunchanged: incomplete conversion This detector looks for what failed to change.
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EVALUATION - RESEARCH QUESTIONS

Research Questions in the Evaluation

RQ1 RQ2 K

Detection Comparison Dark-mode extensions

How effective is ChromakEyes at Does it outperform vision- How effective is it when a

detecting inconsistencies in real language models and accessibility browser extension generates the

web applications? checkers? dark mode?

1 96 apps: 147 with native dark mode, 2 009 screenshot pairs, labeled 0 81 Cohen's k between two authors
49 converted by extensions ’ consistent or inconsistent - labeling independently

The 147 native-dark-mode subjects were filtered from 3,500 top-ranked sites (Tranco, Alexa, DataForSEO, Moz); selection details are in the paper.
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EVALUATION - RQ1

RQ1: ChromaEyes’s Efficacy of Inconsistency Detection

Overall

@ Perscreenshotpair @ Per application

Inconsistent class
99.66 100.00 9549 98.81

91.66 9765

96.19 97.95

Precision Recall F1l-score

Consistent class
99.75 100.00 93.82

96.69
26.36 92.68
Accuracy

Precision Recall F1l-score

ChromakEyes - ISSTA 2026

By inconsistency type
® Layout Text @ Object @ Incomplete conversion

Inconsistent class

100 99.0 100 95.5
e 89.1 89.1 2 92.3 94.3
86.4 77.9 83.1

98.0 97.8 97.1 99.7

Precision Recall Fl-score

Consistent class

100 99.8 99.0 100 97.4 97.7 97.8 99.7  98.7 98.7 98.4 99.8
Accuracy

Precision Recall F1l-score
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EVALUATION - ABLATION QO Pairing only With edge check: @ higher @ lower @ unchanged

Improvement from Edge-based Verification Step
In Object and Text Inconsistency Detection

Text inconsistency Object inconsistency
50% 60% 70% 80% 90% 100% 50% 60% 70% 80% 90% 100%

Accuracy 96.73 (@ 97.82 89.72 Q=@ 97.07
Inconsistent class

Precision 80.83 O=—@) 86.42 51.55 O @ 77.94

Recall 98.96 @ 98.97 89.07 @=O 93.12

Fl-score 88.99 O-@ 92.27 66.36 O @ s3.13
Consistent class

Precision 99.83 @ 99.83 99.02 @ 99.06

Recall 96.38 (@ 97.65 89.31 Qr=——=_@) 97.77

F1-score 98.08 @ 98.73 93.93 O=@) 98.39
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EVALUATION - RQ2 ‘ ChromakEyes . Vision-language models . Accessibility checkers

RQ2: Comparison with Baselines
- No baseline above 61% accuracy

Accuracy
share of correct verdicts on 1,470 screenshot pairs
ChromaEyes 96.2 qp et .\Ol”'Eye @ Gemini 2.5 Pro flag 70-100% of ‘
GPT-40 § R X @ .xc Deviools*  Consistent pairs ChromakEyes
Grok 4.2 2 75 S~o
axe DevTools* %D S e - miss 49—-63% of the inconsistencies
© RN
Claude Opus 4 o S o GPT-40
wv 50 ~ k
- — SS Grok 4.2
Gemini 2.5 Pro ‘© SO
o I ‘ Claude Opus 4
OwlEye - S~
c ~
& 25 ~.
*axe DevTools is scored per page. i SS -
‘» S
c SS -
® Always answering “consistent” scores 59.5% 8 0
. . . c
® No VLM localized an inconsistency correctly — 0 25 50 75 100
° Statistical significance of the comparison results: Consistent pairs unaffected (%) S

McNemar, p < 0.01
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EVALUATION - RQ3 . Inconsistent D Consistent C] Wrong verdict

RQ3: Inconsistencies in Extension-made Dark Modes

B 49 converted apps - D. 539 screenshot pairs

@ 7 light-only sites X 7 dark-mode extensions =

Native dark mode
147 apps - 1,470 pairs, for comparison

596 inconsistent 874 consistent 405% inconsistent

Extension-made dark mode
49 converted apps - 539 pairs

ChromaEyes vgrdmt 492 correctly flagged 41 98.88% accuracy
on the same 539 pairs

494 inconsistent 45 91 7% inconsistent

6 wrong verdicts: 2 missed, 4 false alarms (L

® All 49 combinations are affected, on average in 10 screenshot pairs per converted apps

® ChromakEyes finds an inconsistency in every one of the 49 combinations —> 100% Accuracy application-wise
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LIMITATIONS - ERROR ANALYSIS

Where ChromaEyes Can Still Go Wrong

54 false alarms consistent pairs reported as inconsistent 2 misses inconsistent pairs reported as consistent
Light mode Dark mode - red boxes = detected objects Light mode Dark mode - pink boxes = hard to read
@ Return to Uzone News Return to Uzone News
k U=0ne«
Home Fashion T Home Fashion T
The object detector boxes these cubes in dark mode only The logo and back arrow fade into the dark background
ChromakEyes finds no counterpart for them in light mode The detectors still recognize both of them, in both modes
It reports missing elements; a person sees the same page Every element has a counterpart, so nothing is flagged
Cause: the detectors behave differently in the two modes. Content Cause: ChromakEyes checks that an element is present in both
that changes between the two captures has the same effect. modes, not how readable it is.

The vision models tend to give reliable results only at small resolutions.
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TAKEAWAYS

Conclusion

ChromakEyes for Light and Dark Mode Inconsistency Detection

The first tool specifically designed for detecting
light and dark mode inconsistencies.

Accurate detection of inconsistencies
requires jointly checking Ul element
correspondence, layout structure, and
background conversion.

Code, data and labels
Automatic conversion by extension tools github.com/PALM-Group-Korea-

needs mUCh room for improvement. University/ChromaEyes-ISSTA-2026

doi.org/10.5281/zenodo.21715790
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