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Figure 1: Experimental protocol for quantifying the behavioral and performance cost of digital newspaper consumption under
visual constraints. The figure illustrates the two conditions used to evaluate the impact of manual navigation versus direct
structural access when reading digital newspapers. In the gesture-based magnification condition (GB), participants read the
original layout, in which headlines were rendered below each individual’s Critical Print Size (CPS), requiring pan-and-zoom
magnification (high manual control, fragmented global view). In the large-print edition with direct access condition (LP),
headlines were enlarged above CPS and directly legible without magnification (no manual control, direct structural awareness).
Across multiple trials, participants performed two tasks—reading all headlines aloud and locating target articles—while both
objective performance and subjective responses were collected.
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Abstract

Understanding how diverse audiences engage with structured me-
dia is critical to ensure a consistent quality of experience. In this

context, we quantify the behavioral and performance cost of manual
navigation (e.g., pinch and zoom) versus direct structural access in

This work is licensed under a Creative Commons Attribution 4.0 International License. layout—based digital documents. We speciﬁcally investigate newspa-
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per reading when visual access to structural cues (headlines as entry
points) is constrained. Participants completed two tasks—reading
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all headlines aloud and locating target articles—under two condi-
tions: (1) original edition with gesture-based magnification (pan
and zoom), which is the industry standard for digital documents,
and (2) large-print edition supporting direct-access reading. We col-
lected performance measures (success ratio and completion time),
behavioral integrity through reading path analysis, alongside per-
ceived workload and preferences (NASA-TLX). Results from linear
mixed-effects models show that the large-print condition yielded
not only better performance than gesture-based magnification (18%
improvement in reading speed, 30% improvement in speed to locate
a target), but more importantly, restored the natural reading strat-
egy that gesture-based magnification interaction disrupts. Readers
also reported lower workload and higher preference. These findings
highlight the importance of developing automated methods for gen-
erating large-print editions, where layout adaptation complements
font scaling to support accessibility and quality of experience.

CCS Concepts

+ Human-centered computing — Empirical studies in acces-
sibility; Empirical studies in interaction design; Empirical
studies in HCI.
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1 Introduction

Digital media reading spans a continuum from linear narratives
to layout-based documents such as newspapers. In layout-based
media (such as newspapers), information is distributed across mul-
tiple spatially distinct blocks. Readers must not only access text
at a legible size but also maintain awareness of the document’s
structure to ensure a consistent quality of experience. This dual
requirement—legibility plus structural awareness—distinguishes
layout-based reading from simpler linear reading. Entry points
such as headlines, subheadings, and visual cues guide attention and
shape digital newspaper consumption in ways that are unique to
these documents [20, 27, 28, 60].

Effective navigation therefore hinges on visual access: the ability
to perceive spatial organization and identify entry points. And so,
navigation strategies break down when visual access is constrained
and these cues can no longer be easily perceived. We refer to such
situations as constrained visual access scenarios (CVAS). In this
study, we focus on two complementary CVAS that both reduce
the legibility of entry points: (1) device-related constraints, where
limited screen size restricts visibility even for readers with normal
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vision! (e.g., on small phones) and (2) reader-related constraints,
where reduced visual acuity limits access to layout structure even
on larger displays (readers with low vision). 1. While these sce-
narios have been studied in the simpler context of plain text [7],
their impact on digital newspaper, which have multi-block layouts
remains under-explored.

These constraints have real-world consequences that extend be-
yond basic legibility. Because both types of CVAS limit access to
a page’s structure and entry points, they hinder reading, reduce
exploratory behavior, and degrade the overall quality of experi-
ence [11, 38, 39]. For readers with low vision, the same loss of
visual access further restricts access to newspapers, affecting not
only information acquisition but also social participation, as news
media play a key role in maintaining engagement with societal
discourse [23]. Ensuring that layout-based documents remain nav-
igable under CVAS is therefore essential for equitable access to
information.

A common approach to support reading under CVAS could be to
simplify the content, for example, by linearizing articles into feed-
like formats. While effective for legibility, these representations dis-
card the spatial organization that fosters serendipity, engagement,
and aesthetic appreciation in layout-based documents [26, 42].

When simplification is not desirable, the natural alternative is
to magnify the original content. On touch devices, gesture-based
magnification (namely pan-and-zoom) is the standard solution. Its
adoption is well-founded: manipulable interfaces increase users’
sense of control, predictability, and engagement [3, 6, 43, 47], in-
cluding for readers with visual impairments [22]. However, these
benefits often come at the cost of global context [13, 30]. While
pan-and-zoom preserves the underlying layout, it exposes it only
through successive zoomed-in fragments. Readers must zoom in
to read a headline, pan to follow the article, then pan again to lo-
cate the next entry point—or zoom out to regain a sense of the
page. Then, manual magnification does not just slow down the
reader; it imposes a shift from the natural content consumption.
This fragmentation disrupts the natural reading path, a problem
well documented in maps and linear documents [10, 18, 30, 48].
Yet, prior findings cannot be assumed to generalize to layout-based
documents. Newspapers feature multiple spatially distinct blocks,
diverse entry points, and layered visual hierarchies [42], creating
navigation demands that differ from maps or linear text.

To address these limitations while maintaining both legibility
and spatial structure, another option is to consider large-print lay-
outs (large-print edition with direct access), inspired by historical
initiatives such as the New York Times Large Type editions [50].
These editions not only enlarge fonts (which might be not sufficient
since layouts were not designed for this new font size [21]), but
also reorganize layout blocks so that all entry points are directly
legible without manual zooming. While this reorganization changes
the absolute position of each element, it is specifically designed to
preserve the 2D spatial paradigm of a newspaper. By maintaining a
non-linear arrangement of multiple articles, the spatial qualities of
the layout are preserved, ensuring the reader still engages with a 2D

The World Health Organization (WHO) classifies visual impairment based on best-
corrected visual acuity in the better eye, ranging from “Normal vision” (20/20) to
moderate (down to 20/160), severe (down to 20/400), and profound low vision (down
to 20/1000).
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document rather than a simplified 1D linear representation. Recent
computational work [21], based on responsive design principles [4],
automates this process by increasing headline size and reducing the
number of visible lines per block. By magnifying entry points while
preserving spatial layout, this approach acts as a direct-access read-
ing modality, eliminating the need for gesture-based navigation,
prioritizing global context at the expense of direct manipulation.

Our study quantifies the behavioral and performance cost of
these two modalities: (1) whether the loss of global context under-
mines the advantages of manipulable interfaces, and (2) whether
producing large-print edition with direct access layouts—designed
to preserve global context but requiring effort or automation—is
justified and for whom. To address this, we investigate how original
edition with gesture-based magnification and large-print edition
with direct access layouts influence behavioral integrity, reading
performance, and perceived workload under constrained visual
access. We hypothesize that while pan-and-zoom allows detailed
inspection, it results in not only higher completion time than large-
print edition with direct access (an anticipated mechanical con-
sequence due to the elimination of manual navigation), but more
importantly will disrupt the canonical reading strategy and increase
the perceived workload in comparison to large-print edition with
direct access. Our goal is to precisely quantify these costs through
a multidimensional evaluation of performance, behavior and work-
load.

To test these hypotheses, we conducted a controlled user study
with participants having normal vision or low-vision, comparing
performance (success ratio and completion time), reading behavior
(reading paths), and page structure memorization (success ratio on
finding specific headline) on text-only newspaper pages under two
conditions (see Fig. 1):

(GB) Reading the original edition with gesture-based magnifica-
tion, required to access and read the headlines due to con-
strained visual access.

(LP) Reading the large-print edition, with enlarged text and reor-
ganized layout blocks (based on [21]), ensuring all headlines
are directly legible.

We evaluate both objective measures (success ratio, reading time,
reading paths) and subjective measures (comfort and perceived
workload) across two CVAS reflecting different devices and readers’
visual acuity: small-screen reading by participants with normal
vision, and large-screen reading by participants with low vision.

The remainder of the paper reviews related work, introduces
our research questions and hypotheses, describes the experimental
design, presents the results, and concludes with implications for
the quality of experience in digital media consumption.

2 Related work
2.1 Digital media reading

Recent research in the interactive media experience community
has begun to explore how different media-mixes, ranging from
traditional articles to 360-degree video, affect user experience in
immersive journalism. For instance, Buji¢ et al. [12] compared 360-
video across devices against a ‘'monitor-article’ condition, finding
that while immersive formats may increase involvement, traditional
text-based articles can offer lower levels of distraction, which is
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critical in contemporary news consumption. This highlights the
relevance of text-based media on digital platforms.

Within this landscape, prior research has shown that mobile
devices have reshaped reading practices and have changed readers’
habits [19, 46, 54]. At the same time, reading on mobile remains
more demanding than on larger displays. Budiu [11] identified
inherent constraints—such as limited screen size, frequent inter-
ruptions, single-window views, and unstable connectivity—that
require careful design considerations to support sustained reading.

In particular, Nielsen [39] reported that comprehension of com-
plex content on small displays is only about 48% of that on desktop
monitors. This gap is explained by two main factors: mobile readers
see less information at once, reducing context and thus understand-
ing, and they need to navigate through the document, which diverts
attention. Moran [38] further shows that while short, simple texts
are read with similar comprehension across devices, reading speed
drops significantly for longer or denser passages, highlighting the
need for layout optimization and interaction strategies to improve
mobile reading performance.

These challenges become even more acute with structured, layout-
driven documents. These structured documents combine dense text
with visual design and spatial organization to convey meaning.
Due to their distinct design elements, findings derived from linear
reading cannot be generalized to layout-driven documents [26, 42].
They pose distinctive challenges due to their complex structures,
often organized around visual entry points [29].

It is worth noting that, in theory, web-responsive adaptation
principles could address the general challenge of reading complex
documents on small screens. However, preserving spatial semantics
is often at odds with standard web-adaptation paradigms. Tech-
niques such as responsive design handle small displays primar-
ily through linear re-flow mechanisms [37, 53], collapsing multi-
column grids into a single vertical stack defined by the DOM order.
While this method preserves sequential reading order and elimi-
nates bi-directional scrolling, it sacrifices the 2D spatial paradigm
that defines newspapers and other layout-driven documents [16,
17].

As a result, for documents whose navigation, visual hierarchy,
and interpretation rely on spatial organization [28, 41], standard re-
sponsive design—and similarly summary-based or linearized repre-
sentations—cannot serve as viable alternatives: they remove visual
entry points, suppress layout cues, and fundamentally transform
the nature of the reading task.

This limitation motivates evaluating large-print layouts as an al-
ternative that preserves spatial organization while restoring entry-
point legibility, allowing us to examine the behavioral and per-
formance cost of manipulable navigation (GB) compared to direct
structural access (LP)..

2.2 Situational visual impairments (SVIs) in
mobile reading

Situational visual impairments [45] (SVIs) arise when reading is
disrupted by device limitations, such as small font or display size
and low resolution, or by environmental factors, including lumi-
nosity and ambient noise. Tigwell et al. [49] investigated how SVIs
like glare or movement affect mobile content usability, highlighting
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that designers often lack specialized tools and guidelines to address
these challenges. They proposed preliminary recommendations and
emphasized the need for improved design support through better
resources and educational frameworks. Building on this, another
study [40] specifically examined the impact of bright outdoor light-
ing on screen readability. Their results indicate that, while ambient
brightness reduces readability, the intrinsic brightness and contrast
of content play an even larger role, suggesting that design inter-
ventions should prioritize optimizing content contrast over solely
compensating for glare.

In parallel, technical solutions have been proposed to mitigate
SVIs. SituFont [58] is a dynamic font adaptation system that ad-
justs attributes such as size, weight, and spacing based on real-time
sensor inputs and human-in-the-loop feedback. The authors vali-
dated their approach through comparative evaluations across eight
simulated SVI scenarios, considering factors such as environment
(indoor vs. outdoor), user mobility, and luminosity. Their findings
show that SituFont significantly improves reading efficiency and
reduces cognitive and physical workload compared to manual ad-
justments, highlighting the potential of adaptive font systems for
supporting mobile reading under situational constraints.

While these studies provide valuable insights and technical so-
lutions for reading under SVIs, they primarily focus on text con-
sumption. Our work extends this line of research by investigating
structured digital layout-based documents under constrained vi-
sual access scenarios (CVAS), examining the specific behavioral
and performance cost of magnification strategies. In particular, we
examine SVIs related to small headline font sizes and the need for
magnification.

2.3 Reading with low vision

Despite the importance of inclusive design, users with disabilities
have historically been underrepresented within the IMX commu-
nity. A survey of 17 years of research [52] revealed that only 4.23%
of papers addressed accessibility, with a specific call for more empir-
ical studies involving people with disabilities. This gap motivates
our work, which evaluates reading behavior across two distinct
scenarios of visual limitation.

In this context, digital devices provide new opportunities for
readers with low vision to access information through adaptable
text formats and presentation options [33]. A growing body of
research has examined how these readers interact with digital read-
ing environments, including studies that simulate CVAS to better
understand performance under magnification and limited visual
access. In this topic, a key contribution by Atilgan et al. [7] provides
a unified framework to evaluate how print size and display size
impact reading speed for both small-display readers and individu-
als with low vision using magnified text. Their results show that
limitations in font and display size can prevent some readers from
maximizing reading performance.

Several studies have examined display configurations and strate-
gies for magnified reading. Xiong et al. [57] proposed guidelines
emphasizing the importance of exceeding the critical print size
(CPS) and maintaining at least 13 characters per line to support
fluent reading. Granquist et al. [22] asked participants with low
vision to adjust text for comfortable reading, finding that most
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relied on enlarging text, and to a lesser extent on reducing view-
ing distance. Beckmann et al. [9] studied manual navigation with
CCTVs (stand-mounted video magnifiers) and reported that reading
speed decreases unless the viewing window is sufficiently wide (>10
characters), consistent with the threshold identified by Xiong et
al. [57]. Magnification and contrast enhancement were also shown
to improve reading speed in simulated low-vision environments,
with magnification generally having a more substantial effect than
contrast [18].

Other work has examined navigation and magnification strate-
gies in more detail. Bowers et al.[10] analyzed reading with optical
magnifiers, highlighting challenges such as line retrace that need
to be addressed in future research. Tang et al. [48] compared two
types of screen magnification on modern devices: full-screen mag-
nification (analogous to pan-and-zoom) and lens magnification
(allowing users to see a larger portion of the un-magnified screen
for spatial reference). They identified trade-offs in performance
and usability, showing that lens mode led to more consistent and
uniform mouse movements, whereas full mode caused longer and
more frequent pauses. Similarly, Aguilar and Castet [1] developed a
gaze-controlled system that magnifies a portion of text while main-
taining a global view, which participants found more comfortable
than traditional CCTVs.

Together, these studies highlight the impact of magnification on
low-vision reading. However, most prior work focuses on plain,
unstructured text, analyzing reading speed, errors, and navigation
patterns within a fixed set of lines. In contrast, our study inves-
tigates structured layout-based documents, such as newspapers,
where reading involves navigating not only text but also the spatial
layout. We examine how visual access limitations affect document
reading for both individuals with with normal vision and those
with low vision. In particular, we examine the behavioral and per-
formance cost of gesture-based magnification (GB) compared to the
direct structural access of large-print layouts (LP), quantifying how
each strategy impacts the reading process.

3 Research Questions and Hypotheses

We will hereafter use the abbreviations GB (original edition, gesture-
based magnification) and LP (large-print, direct access) to refer to
the two experimental conditions. Our study addresses the following
research questions:

RQ1 How do the two conditions differ in terms of reading behav-
ior on a digital newspaper page?

RQ2 How do the two conditions affect participants’ ability to
form an accurate mental representation of the page layout?

RQ3 Which condition is preferred by participants, and which one
leads to a lower perceived workload?

From these research questions, we derive the following hypothe-
ses:

H1 Participants in LP will show shorter reading times and faster
transitions between articles than in GB.

H2 LP maintains a reading strategy closer to the natural reading
path of the original page than GB.

H3 In LP, participants will locate target headlines more quickly
than in GB.
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H4 In both conditions, the position of the target article will
significantly influence finding time.

H5 Participants will prefer LP over GB, reporting lower cognitive
load and greater comfort.

To answer these research questions and test our hypotheses, we
designed two tasks and a controlled scenario, described in the next
section.

4 Methods

4.1 Overview of the study

4.1.1 General procedure. We have conducted a 2x2 split-plot de-
sign [32] study to quantify the behavioral and performance cost of
digital newspaper documents under CVAS. We analyze how these
individuals (readers with normal vision on small displays and read-
ers with low vision even in larger displays) consume these digital
documents.

Approval for this research was granted by Inria’s Operational
Committee for the Assessment of Legal and Ethical Risks.

To create controlled yet realistic reading conditions, we designed
text-only newspaper pages, each composed of multiple blocks con-
taining one headline and a body text (Sec. 4.2). This approach pro-
vides two key advantages:

e Controlled entry points: Headlines serve as the sole entry
points, ensuring that participants’ reading path relies on a
textual structure that can be controlled and standardized.
This also allows us to track the sequence in which partici-
pants access articles through aloud reading, a practical alter-
native to eye-tracking, which is difficult to implement with
participants with low vision.

e Reduced cross-trial variability: By avoiding graphical el-
ements (e.g., advertisements, photographs, or diagrams),
which are harder to standardize, we minimize potential con-
founds across trials and conditions, ensuring comparability
of reading behavior data.

The experiment consisted of two tasks designed as controlled
proxies of real-world newspaper consumption strategies, allowing
for systematic observation and quantification of reading behavior:

e Task 1 (structural orientation): read all headlines.
This task emulates the initial scanning phase of newspa-
per consumption. Participants read aloud all headlines on a
page, as fast but intelligibly as possible, in any order they
wished. Reading aloud allowed us to unambiguously cap-
ture the order in which headlines were read, and is both
a well-established method in reading research [55, 56] and
clinical assessments (e.g., MNREAD). This task addressed
H1 and H?2. There was no time limit. Participants decided
themselves when they had finished, even if some headlines
were missed.

e Task 2 (targeted information retrieval): find a target
headline.

This task tests the user’s mental representation of the page
and their ability to retrieve specific information. Participants
were asked to locate a specific headline containing a given
keyword, to probe their mental representation of page struc-
ture. This task tested the hypothesis H3. To examine F4,
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we divided the page into three vertical zones (top, middle,
bottom) and selected two targets per zone. The order was
randomized for each participant, and the zone division was
never disclosed. Each search trial was limited to one minute.

Both tasks were performed under GB and LP. A critical design
feature of our protocol was to ensure that participants had to rely
on pan-and-zoom in GB but could comfortably read headlines in LP.
To achieve this, we estimated each participant’s Critical Print Size
(CPS) [34], defined as the smallest print size allowing readers to
maintain maximum reading speed, and expressed in logMAR units
(logarithm of the Minimum Angle of Resolution), which quantify
text size in terms of visual angle rather than physical dimensions,
which is crucial because it jointly depends on both print size in
millimeters and viewing distance. Headlines in GB are below each
participant’s CPS, forcing gesture-based magnification, while in
LP they were manually set above CPS, enabling comfortable direct
reading.

As a note, we also considered integrating eye-tracking to cap-
ture complementary gaze data. However, we opted against it due
to specific challenges for this work. First, in this context, fixations
mix cognitive inspection with smooth pursuit driven by viewport
motion, and gaze positions must be continuously remapped to a
moving document coordinate system, which limits interpretabil-
ity [25, 31, 51]. Second, there is a limitation to obtain a precise
calibration with participants with low vision, since precise calibra-
tion requires an intact fovea which is usually not the case [25, 56].
Although technically feasible thanks to workarounds that miti-
gate the underlying issues, these constraints would have reduced
the validity of the resulting metrics for our specific goal, which
was to characterize reading strategies at a macroscopic level, not
fine-grained oculomotor behavior.

Following these principles, the study protocol unfolded in five
steps, summarized in Fig. 2.

(1) Participants first completed a short questionnaire about
gender, age group, and reading habits (general and news-
specific).

(2) We ran a standard MNREAD test [34] to estimate each par-
ticipant’s Critical Print Size (CPS).

(3) Based on the CPS, we defined how the two conditions would
be instantiated (see Sec. 4.3), including the choice of de-
vice (small-screen phone for participants with normal or
corrected-to-normal vision, large-screen tablet for partici-
pants with low vision) and the viewing distance to be main-
tained during the experiment.

(4) After a detailed explanation of the protocol, participants
proceeded to the main experiment. Each block corresponded
to one condition, with the order counterbalanced across
participants.

o To familiarize themselves with the tasks, participants first
completed as many practice trials as needed. We used
three fixed layouts (same order for everyone), and cycled
through them if more than three trials were required. In
practice, one or two trials were sufficient.

o Participants then completed M test trials per condition.
Number of trials M depending on the participant scenario
(see Sections 4.1.2 and 4.1.3). Layouts were randomized,
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and content was randomly assigned to conditions (see
Section 4.2)

o After each block, we measured perceived workload using
the NASA-TLX questionnaire [24], using a 7-point likert
scale

(5) Finally, participants indicated their overall preference be-
tween GB and LP (or equal preference).

M ) 3)
@) o,
|~ B @ o]

Participant ~ Questionnaire  Estimation of Conditions and

with normal vision demographic  Critical Print Size experimental setup
or low-vision information and  from MNREAD test Device and head-

reading habits screen distance

Testing Training

P Task 1 ) Task 1

@ @ l Task 2 l Task 2
Final Main experiment

i Block: *- -
choice ocks (B) (GBL(I;‘P)
5 (C)]

Figure 2: Overview of the study. This figure illustrates the
workflow of our experimental protocol, organized into five
main steps: (1) questionnaires, (2) estimation of Critical Print
Size (CPS), (3) conditions and experimental setup, (4) the main
experiment, and (5) a final preference choice. The main ex-
periment consisted of successive blocks in the two conditions
(GB and LP). Some adjustments were made depending on the
participant scenario. Each block included a training phase
followed by test phases, where Tasks 1 and 2 were repeated
across trials, and ended with the NASA-TLX questionnaire.
The overall protocol lasted less than an hour, with the main
experiment capped at 30 minutes to avoid excessive fatigue
for participants with low vision.

This protocol served as the common foundation of our study. How-
ever, some adjustments were necessary depending on the partici-
pant’s scenario.

4.1.2  Protocol adjustments: participants with normal vision. First,
after pilot studies to study participants’ fatigue, we decided to fix
M = 6 testing trials for participants with normal vision.

Second, we included an additional baseline condition (B), applied
before GB and LP, with the same number of trials (N for practice
and M = 6 for testing).

B simulates the experience of reading a physical newspaper, cor-
responding to unconstrained reading. In this condition, the original
edition was displayed on a large-screen tablet, with no magnifica-
tion gestures, as headlines were already comfortably legible (ap-
proximately 0.3 logMAR at 40 cm). Note that this baseline was not
feasible for participants with low vision, since the original edition
would remain unreadable without magnification, even on a tablet.
Data from B were used to define a natural reading path, which we
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call reference paths, and these were compared to the paths observed
in GB and LP when testing hypothesis 2.

4.1.3  Protocol adjustments: participants with low vision. For partic-
ipants with low vision, pilot sessions revealed that 6 testing trials
were overly demanding for this group: several participants suddenly
experienced acute visual fatigue, making it impossible to continue
and leading to early interruptions. As a consequence, this protocol
design risked unbalancing the data, with many completing only a
single condition. To address this, we reduced and reorganized the
trials and blocks (changes in Fig 2 (4) and (5)):

e Participants first completed two trials per condition, each
followed by a NASA-TLX questionnaire, to ensure that sub-
jective workload was captured before cumulative fatigue
could bias responses.

o The order of layouts was randomized but kept identical
across GB and LP to support fair comparisons.

e To maximize usable data, participants continued with the re-
maining four trials per condition in an alternating sequence
(one GB, one LP, and so on). Sessions ended as soon as all tri-
als were completed, the participant indicated they were too
tired to continue, or the 30-minute time limit was reached.

e Finally, participants reported their overall preference be-
tween GB and LP, or both equally. Because cumulative fa-
tigue strongly influenced judgments, we also administered a
comparative NASA-TLX at the end of the session to balance
condition evaluations.

Having outlined the overall procedure, the following subsections
expand on its key components: the creation of newspaper page
material, the conditions established based on CPS, the population,
and the data collected for subsequent analysis.

4.2 Newspaper pages material

4.2.1 Original edition. Each newspaper page combined two com-
ponents: (1) a layout file, defining the geometric arrangement of
articles on the page, and (2) a content file, providing the textual
material for each article (headline, body text, and target font sizes).
Because our study focuses on headlines, body text was generated
only to fill space within article blocks and was not analyzed.

In total, we generated 18 newspaper pages, each containing
between 8 and 11 articles (see Fig. 3 (a)). Below, we detail the con-
struction of layouts, headline sizes, and content.

Font size. Headline size was fixed to correspond to a visual angle
of 0 logMAR when displayed on the phone at a viewing distance
of 40 cm (Fig. 3 (a); see Sec. 4.3). This 0 logMAR size was inten-
tionally chosen to challenge normally-sighted participants, as it
requires zooming for comfortable reading [15]. Body text size was
set heuristically to half the headline size.

Layouts. Layouts were created manually from annotated front
pages of the New York Times. We produced nine layout files (£ =
{li}i=1,...), each specifying the number of articles, their position,
and their dimensions (width and height in mm). Based on these
dimensions and the font size, we extrapolated the required article
length in characters and lines.

More precisely, concerning headlines, to match the New York
Times design, we first analyzed headline lengths relative to article
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De Clovis aux Capétiens: les débuts de la| L'Island:
[ monarchie frangaise de cont

0 LogMAR

Frank Sinatra, lecrooner qui a conquis le
monde

Décryptage de la séparaton des Beates:
un

== Limportance de la
s La bire, une boisson alcoolisée aux
multiple$ visages dans le monde

Phone ~—" (a) Original edition (b) Large-print edition
Figure 3: Examples of newspaper pages: (a) original edition
used in condition GB, and (b) corresponding large-print edi-
tion used in condition LP, automatically generated using the
re-layouting method from Gallardo et al. [21] with a X2 mag-
nification. Colors indicate matching articles across the two
versions (i.e., occupying the same area on the page). The tex-
tual content differs between (a) and (b) to avoid repetition
effects, but was balanced in headline length. On the left-hand
side, we also illustrate how the original edition would look
in a phone, which is the display used to define the headline
size in LogMAR.

width (number of columns). This showed that headlines in narrower
articles (spanning fewer than two columns) typically used up to
three lines, while those in wider articles (three or more columns)
almost always fit on a single line. We reproduced this distribution
when generating our own headlines (see example in Fig. 3 (a)).

Content. Given article length specifications, we created three
distinct content files for each layout file, yielding a total of 27 sets of
article content C = {c;;}i=1...9,j=1,2,3. This ensured that participants
were not exposed to the same material across conditions (B, GB,
LP), avoiding memory bias. Content files were created in R [44] by
selecting the article’s text from the web. For each article, a matching
headline was then generated automatically with MistralAlI [2]. We
utilized this LLM-based approach to generate controlled media
stimuli with uniform linguistic difficulty. This ensured that the
behavioral integrity of the reading paths was measured against
standardized content, eliminating potential engagement biases or
emotional confounding that could arise from prior knowledge of
real-world news events.

As a starter, a list of 364 key words (e.g., dog, Paris, etc.) was
manually written to serve as article topics and sorted within 30
general themes (e.g., animals, cities, etc.). For each keyword, the
R [44] getwiki library was used to search the web and extract the
first paragraph of the top 20 Wikipedia and Vikidia pages (in French)
matching the search result. This resulted in a list of 11,565 articles.
Using a custom-based routine in R, this list was searched to assign
the optimal candidate articles to each layout file, based on the
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required character length, checking that the same theme was only
chosen once within a single page to avoid redundant topics.

Last, Mistral Al was prompted from R to generate a list of 10
titles per article automatically. The prompt sent to MistralAI was
as follows: "Create 10 possible headlines in the style of a journal
article, in French, with approximately n characters (space included),
about the following article ", n being the number of characters
given by the layout files and ¢ being the text of the article. Each
output was manually inspected to select the optimal headline.

4.2.2 Large-print edition. For each original edition, we generated
a large-print counterpart by applying the automatic re-layouting
method from Gallardo et al. [21]. This approach addresses the limi-
tations of simple font scaling (which can cause text overflows and
break entry points because original layouts were not designed for
increased sizes [21]). This method takes an original edition and a
font size magnification factor to apply, and uses an evolutionary
algorithm to reorganize layouts in a way that optimizes the number
of lines of each headline and the aesthetic quality of the layout e.g.,
alignment of articles, visual balance, etc. It is crucial to note that
the goal of this adaptation is structural integrity over the preserva-
tion of absolute coordinates. While the articles are re-positioned
to accommodate the larger font size, the 2D layout topology is
maintained.

We feed this method with a layout /; and one content set (c; 1),
together with a magnification factor of X2, which comfortably
covers the critical print size spectrum across both participant groups
(see Sec. 4.3). Only c; 1 was used for generating these layouts (since
ci2 and c;3 are equivalent in terms of length). The output is a
new large-print layout £” = {I/};=1,.._9 (Fig. 3 (b)). The large-print
edition was obtained by combining the large-print layout with one
of the three equivalent content files for that page. Note that in the
large-print edition, a larger font size inevitably prevents the full
body text of each article from being displayed in the overview. This
is an inherent feature of these large-print digital editions, which,
like existing kiosk-style news applications, are designed primarily
to support scanning and discovery of articles. Readers would use
the overview to identify entry points (e.g., headlines), and then
would access the full content in a dedicated single-page reading
mode.

4.3 Conditions setup based on CPS

To recap, our goal is to design an experiment where condition GB
forces participants to use gesture-based magnification, as the origi-
nal edition’s headlines are deliberately too small to read comfort-
ably, while condition LP allows participants to read the large-print
edition without any magnification. Importantly, for each partici-
pant, both conditions are presented on the same device and at the
same head-to-screen distance. The procedure to achieve this setup
is detailed in the following steps.

4.3.1 Estimation of the CPS. To assess participants’ CPS, we used
a standardized reading test based on the MNREAD chart [35, 36].
The MNREAD is a continuous-text reading acuity chart consisting
of short sentences presented at progressively smaller print sizes.
Reading speed is plotted as a function of print size, producing the
characteristic MNREAD curve: a plateau of constant reading speed
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at larger sizes, followed by a sharp decline once print falls below a
critical threshold. The CPS is defined as the smallest print size that
still supports maximum reading speed, i.e., the lower bound of the
plateau [34].

4.3.2  Headline size in LogMAR for both conditions. The visual angle
of headlines depends on two factors: the device’s screen size and the
viewing distance. Given a participant’s CPS, the goal is therefore
to select the appropriate device and distance so that the headline
size of the original edition in GB is smaller than the CPS, while
the headline size of the large-print edition in LP is larger than the
CPS. When multiple configurations are possible, we systematically
choose the one that yields headline sizes closest to the CPS. This
principle is illustrated in Fig. 4 (a).

» Headlines

Large-print edition visual angle
with direct access (LP) (LogMAR)

(a) d
Original edition
with gesture-based
magnification (GB)

pts with pts with Conditions
normal vision low-vision setup
@ @
@ /0\ 2N @ Headlines
L i K
(b) - CPS l‘ CPS visual angle
(LogMAR)

tablet tablet Experimental
40 cm 20cm setup

phone
40 cm

Figure 4: Experimental condition setup based on CPS. (a)
General principle: headline visual angles in both conditions
are selected around the participant’s CPS value obtained from
an MNREAD test. (b) Device and viewing distance configura-
tion depending on the scenario: for participants with normal
vision (0 < CPS < 0.3), the experiment was conducted on a
phone at a fixed distance of 40 cm; for participants with low
vision (0.3 < CPS < 0.9), the experiment was conducted on a
tablet, with the viewing distance adjusted according to the
CPS value.

A custom-designed app, developed using React Native frame-
work, was deployed for the application of this protocol. Regarding
this, we use two different Android devices:

e Phone: Google Pixel 7, featuring a 7.3-inch screen with a
maximum resolution of 1080 X 2400 pixels.

e Tablet: Samsung Galaxy Tab S9 FE+, featuring a 12.4-inch
screen with a maximum resolution of 1600 X 2560 pixels.

These specifications, combined with adjustments of the viewing
distance, allowed us to cover participants with CPS values ranging
from 0 to 0.9. The actual configuration depended on each partici-
pant’s CPS, as illustrated in Fig. 4 (b). For participants with normal
vision, we used the phone at a fixed viewing distance of 40 cm. For
participants with low vision, we used the tablet, with the viewing
distance adjusted according to their CPS.
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4.4 Population

We recruited 24 participants: 19 participants with normal or corrected-
to-normal vision and 5 participants with low vision. The sample
size meets SIGCHI standards for behavioral studies [14]. The num-
ber of participants with low vision (n = 5) is considered acceptable
when conducting research with users with disabilities [32]

Participants with normal vision were mainly recruited through
an open survey, while participants with low vision were recruited
from the CHU Pasteur ophthalmology department. All participants
took part voluntarily. Demographic details for both groups are
provided in Table 1.

Age CPS Reading
ID group Gender (LogMAR) frequency Diagnosis
1 20-35 Male 0.15 Daily NA
2 20-35 Female 0.1 Rarely NA
3 20-35 Female 0.1 Never NA
4 20-35 Male 0.15 Daily NA
5 20-35 Male 0.1 Daily NA
7 20-35 Male 0.15 Daily NA
8 20-35 Female 0.2 Daily NA
9 36-65 Male 0.15 Daily NA
10 20-35 Male 0.1 Weekly NA
11 20-35 Male 0.2 Rarely NA
12 20-35 Male 0.1 Rarely NA
13 36-65 Female 0.1 Daily NA
14 36-65 Male 0.1 Daily NA
15 20-35 Female 0.1 Weekly NA
16 20-35 Male 0.1 Weekly NA
17 20-35 Male 0.08 Weekly NA
18 66-80 Male 0.1 Daily NA
19 36-65 Female 0.2 Daily NA
20 66+ Female 0.15 Daily NA
21 80+ Male 0.8 Daily Glaucoma
22 80+ Male 0.5 Daily Glaucoma
23 80+ Male 0.45 Weekly Glaucoma
24 66-80 Female 0.9 Never AMD
25 66-80 Female 0.9 Daily AMD

Table 1: Participant demographics, CPS, and newspaper read-
ing frequency. The last column lists diagnoses for partici-
pants with low vision, with corresponding rows shaded in
light gray. Skipped ID corresponds to a dropped participant
because of unusable data.

4.5 Data collected and measures

For each participant, we recorded the following data during the
experiment to provide a multidimensional assessment of the quality
of experience:

e Pre-experiment questionnaire responses: Age group,
gender (optional), and news reading habits.

e Critical Print Size: CPS in logMAR units, obtained from
the MNREAD reading test.
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e Task timing: Total duration of each task in each trial (read-
ing headlines, finding target articles), measured in seconds
by the application.

o Task success: For each trial, the percentage of read articles
in task 1, and also a boolean indicator for whether the par-
ticipant correctly found the target article in task 2. Both of
these for each trial.

o Voice recordings: Audio of participants reading aloud head-
lines, enabling reconstruction of reading order.

e Screen interactions: For GB trials, detailed logs of ges-
tures, including zoom level, pan position, timestamps, and
sequence, allowing reconstruction of reading paths.

o Subjective workload: Responses to the NASA-TLX ques-
tionnaire were proposed after each condition.

e Overall condition preference: Participant choice between
GB and LP, or both equally preferred.

For participants with low vision, time limits and adapted trial se-
quences were applied as described in Sec. 4.1, and all data were
recorded consistently across conditions to enable fair comparisons.

Note that, except for voice recordings, no personal data was
collected. Voice recordings were stored temporarily on an encrypted
laptop and processed locally using a semi-automatic speech-to-text
service to extract reading order and timestamps. Once transcription
was completed, the recordings were permanently deleted.

5 Results

Our analysis tested hypotheses H1-H5. We first introduce the
statistical model, then report results for Task 1 and Task 2, and
finally analyze subjective workload and user preference using the
NASA-TLX questionnaire together with overall preference.

5.1 Statistical model

We analyzed the data using a linear mixed-effects model with Partic-
ipant ID as a random effect. The fixed effects are detailed in Table 2.
We ran an ANOVA to test for significance using the F-statistic,
setting the p-value threshold at p < 0.05. All reported values are
model estimates (i.e., estimated marginal means) rather than raw
data.

The following sections report exact p-values and effect sizes for
significant main effects and interactions. Complete model statis-
tics—including F-values, degrees of freedom, and detailed pairwise
comparisons—are provided in the supplementary tables in the Ap-
pendix. We do not report main effects and interactions that were
not significant.

5.2 Task 1 analysis

We first transcribed participants’ audio recordings using Whis-
perX [8], reconstructing a task timeline for each participant. Each
timeline was segmented into reading (R) and transition (T) peri-
ods (see Fig. 5). From this timeline, we derived four metrics to test
hypotheses H1 and H2:

(1) Success ratio: The proportion of correctly read articles out of
the total (e.g., 5/6=83.3% in Fig. 5). Note that a headline was
considered correctly read if its transcription was phonetically
equivalent to the source text, which we verified using the
phonetic-fr Python library.
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# Factor (#Levels) Levels Interactions
1 Condition (2) GB, LP With #2, #3, #4, #5,
#8
2 NewspaperID (6) 1,...,6 With #1, #3
3 CVAS (2) Small Screen, Low With #1, #2
Vision
4 Reading frequency Daily, Weekly, With #1
(4) Rarely, Never
5 Target headline Top, Middle, Bot- With #1
zone (3) tom
6 Trial index (6) 1,...,6 Main effect only
7 Content version (3) 1,2, 3 Main effect only
8 Condition order (2) GB first, LP first With #1

Table 2: Fixed effects of the Linear Mixed-Effects Model
(LMM) used in this study. Factor of interests are shown with
a white background; secondary or control factors in gray.

(2) Completion time: The total task duration, from stimulus
onset to completion (te — ty in Fig. 5).

(3) Reading path: The sequence in which articles were read (e.g.,
1-3-2-6-5 in Fig. 5).

(4) Reading and transition time: The durations of individual
reading and transition periods.

to te .
time
— 2 =6 =[5 ] —
Stimulus T R T R T R T R T R T End
onset of task

Figure 5: Task 1 timeline. After stimulus onset (time ), when
the newspaper page is displayed), participants alternate be-
tween transition periods for locating the next headline (T)
and reading periods (R, with white boxes indicating the head-
line index). The task ends at time f., when the participant
indicates they have read all headlines—even if some were
missed, as illustrated in this example where headline 4 was
skipped.

5.2.1 Success ratio. Our analysis revealed significant effects for
three factors:

o NewspaperID: Although significant differences existed be-
tween newspapers (p < .001, r]f, = 0.12), performance was
consistently high, with the lowest-performing newspaper
still achieving a 93.4% success ratio.

e CVAS: Participants with normal vision achieved a higher
success ratio (100%) than participants with low vision (93.4%),
consistent with the reduced vision in the latter group (p <
001,73 = 0.55).

o Content version: A significant difference was found between
Content #1 (96.2%) and #3 (98.6%), but both yielded high
success ratios (p = .025, 1712, =0.03).

e A significant interaction between CVAS and NewspaperID
(p = .002, nf, = 0.08) indicated that the performance gap due
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to vision loss was layout-dependent, something not present
in Layouts 16 and 17.

Most importantly, we found no significant effect of Condition,
indicating that neither GB nor LP affected the participants’ ability
to read headlines correctly.

5.2.2  Completion time. Our analysis revealed significant effects
for all our factors of interest:

e Condition: The main result is that, as anticipated due to
the reduction in navigational overhead, LP had 37% lower
completion time than GB (GB: 71.7 s; LP: 45.25) (p < .001, 771% =
0.42). An interaction with CVAS (p < .001, 7712, = 0.41) showed
that this improvement was larger for participants with low
vision, with a 42% reduction (GB: 114.7 s; LP: 66.3 s) compared
to a reduction of 16% for participants with normal vision
(GB: 28.6 s; LP: 24.1'5)). This finding supports Hypothesis #1.

e CVAS: Individuals with normal vision (average of 26.3 s) had
70% lower completion times than readers with low vision
(average of 90.5 s), consistent with the reduced vision in the
latter group (p < .001, nf, =0.73).

e NewspaperID: Layout #17, featuring a feed-like format (i.e.,
articles displayed as a stack of rectangles, as commonly seen
in social media feeds) had significantly shorter completion
time (avg. 48.9 s) than the others (avg. 60.3s) (p < .001, rylz, =
0.19). While effective, we consider this a special case with
limited generalization (further discussed in Sec. 5.4).

o Content version: A significant difference (p = .04, 1712, =0.03)
was found between version #1 (avg. 55.9s) and #3 (avg. 61s),
likely due to subtle variations in content complexity that
influenced processing time or even induce more mistakes.

5.2.3 Reading path. To analyze reading paths, we first identified a
reference reading strategy in B trials. Visual inspection initially sug-
gested a left-to-right, top-to-bottom reading pattern in B trials. We
then quantified the similarity between each path and this candidate
pattern using a similarity measure? and an ANOVA confirmed no
significant deviation from it. Based on this validation, we define the
reference path as the theoretical left-to-right, top-to-bottom reading
order implied by the page layout, independent of any experimental
data.

Using the reference paths, we computed the similarity of GB
and LP reading paths against reference paths induced over the
corresponding layouts. To enable sequence comparison, we indexed
the articles in each condition (GB and LP) according to the reference
strategy (e.g., Article #1 is the top-leftmost). Consequently, a path
adhering to the reference strategy results in the canonical sequence
[1,2,...,n], while any deviation will be captured by the similarity
measure.

It is important to note that we do not treat deviation from this
reference path as a performance failure or a "negative" outcome.
Rather, we interpret such deviations as behavioral evidence of a
strategic shift in reading, quantifying the extent to which each
condition disrupts the structural perception of the 2D layout.

2Given two paths 1 and p;, we defined their similarity as Sim(p1, p2) = 100% (1.0 —
levenshtein(py, p;) /max(length(p:), length(pz))), using the Levenshtein dis-
tance [59]. The similarity Sim(p1, p2) ranges from 0, indicating completely different
paths, to 100, indicating p; = pa.
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Our analysis revealed three significant factors:

e Condition: The main effect observed was that reading paths
in LP were significantly more similar to the reference than in
GB (GB: 69.3%; LP: 87.5%) (p < .001, r]lz, = 0.14). This effect was
present for both participants with normal vision (GB: 72.3%;
LP: 88.9%) and for participants with low vision (GB: 66.2%;
LP: 86.1%). The lower similarity in GB reveals a measurable
behavioral cost: while manual interaction provides control,
the navigational overhead required to manage successive
zoomed-in fragments disrupts the reader’s ability to maintain
their natural exploration strategy. This effect is visible in
Fig. 7, where participants exhibited reading paths guided by
their screen interactions (i.e., panning movements), and in
particular, participants with low vision required substantially
more gestures, reflecting the greater effort. This observation
supports hypothesis H2.

e NewspaperID: Layout influenced the reading path (p <
.001, r]f, = 0.13). While LP generally produced paths more
similar to the reference, a significant interaction showed that
(p < .001, 1712, = 0.18) layout #19 (Fig. 3) was a notable excep-
tion, where GB scored slightly higher (GB: 72.2%; LP: 68.6%).
This may be due to its unique vertical organization. How-
ever, the main effect of LP superiority held across all other
layouts.

e Reading frequency: We found an interaction between condi-
tion and reading habits (p < .001, 7712, = 0.08). In GB, frequent
readers (daily or weekly) adhered more closely to the ref-
erence path than infrequent readers (who averaged only
51.4% similarity). In contrast, LP paths were highly similar
to the reference (over 83%) across all reading frequencies,
demonstrating their robustness.

5.2.4  Participant-level performance. To visualize individual per-
formance, Fig. 8 plots reading path similarity against completion
time for each participant, separated by CVAS to account for dif-
ferent data ranges. The absolute performance plots (a,c) confirm
that LP resulted in shorter times and paths more similar to the
reference compared to GB. The relative improvement plots (b, d)
make these performance gains explicit. The plots also highlight
that the improvements in both metrics were substantially larger
for participants with low vision than for participants with normal
vision.

5.25 Reading and transition times. Our analysis of reading time
revealed four significant factors:

e Condition: There is a significant difference (p = .01, ryf, =
0.05) between LP and GB (GB: 4.18 s; LP: 3.80 s). However, due
to the small effect size, we cannot confirm that reading time
is the primary factor influencing the difference in completion
time. Additionally, a significant effect in the interaction with
NewspaperID (p < .001,1712, = 0.11) was found. Post-hoc
analysis indicated that the reading speed advantage of LP
was isolated to specific layouts (Layouts #13 and #18, both
p < .001), while no significant differences were found in
the others. This indicates that the benefit on reading time
is not universal, but highly dependent on specific structural
arrangements.
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(a)B (b) GB (c) LP

Figure 6: Examples of reading path corresponding to the
same participant and layout in all conditions. (a) B path, re-
assembling always the reference path (top-to-bottom, left-to-
right). (b) GB path, with the screen interactions i.e., panning
movements (in blue). Zoom level is not shown to simplify
the figure and emphasize gesture patterns. (c) LP path.

(@) (b) (©

Figure 7: Four examples of GB reading paths (black) with
screen interactions (panning movements in blue) for the
same layout (#17). In GB, reading follows panning gestures,
which do not necessarily align with the reference path. (a,b)
show two different participants with normal vision. (c,d)
show two participants with low vision, exhibiting similar
behavior but with considerably more gestures, indicating
that the task is more demanding for this group.

o CVAS: Participants with low vision had lower reading times
(avg. 5.29 s) than participants with normal vision (avg. 2.68 s)
(p < .001, 73 = 0.46).

o Trial index: We found a significant but minor fatigue effect,
with participants’ reading times increasing in later trials,
indicated by a positive slope (0.05) for this factor in our
model (p = .006, 75 = 0.04).

e Content version: A minor but significant difference (p =
.02, 1712, = 0.03) occurred between version #1 (avg. 3.84s)
and version #2 (avg. 4.0 s), likely due to subtle variations in
content complexity.

Our analysis of transition time revealed four significant factors:

e Condition: There is a significant difference (p < .001, 1712, =
0.29) between GB and LP (GB: 4.13 s; LP: 1.83s). This effect
size confirms that the transition time is the primary factor
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Figure 8: Average similarity to reference path vs average
completion time per participant. Absolute (left column) and
relative (right column) performance plots for participants
with normal vision (top row) and low vision (bottom row). Ab-
solute plots (a,c) show the average similarity to the reference
path as a function of average completion time per participant,
for both GB (blue circles) and LP (red diamonds). Relative plots
(b,d) show the gains in similarity and the change in comple-
tion time when using LP (red diamonds) relative to GB (blue
circles).

influencing completion time. However, the significant inter-
action with CVAS (p < .001, r]f, = 0.35), and the correspond-
ing post-hoc analysis showed that this significant effect
occurred only for participants with low vision (p < .001),
who had 57% lower transition time in LP (GB: 8.0 s; LP: 3.47 s).
This reduction was an expected mechanical consequence
of eliminating time-consuming manual interaction adjust-
ments and facilitated direct access of the layout, allowing
for immediate transition between headlines. In contrast, no
significant difference was found for participants with nor-
mal vision (p = 0.75), likely due to their high efficiency and
device familiarity in both conditions. This result supports
H1.

o CVAS: As expected, there was a large performance gap be-
tween groups (p < .001, r]f, = 0.80), with participants with
normal vision (avg. 0.214 s) transitioning with a 96% shorter
time than participants with low vision (avg. 5.74 s).

o NewspaperID: There is a significant difference (p < .001, 7712, =
0.15), driven by Layout #13 which was significantly slower in
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transition time (avg. 4.05 s) than the others (avg. 2.76 s), likely
due to a unique layout with a central article surrounded by
the others, which might make the reading task more difficult.
In any case, the main effect of LP superiority held in this
layout, as well as in all the others.

e Trial Index: Unlike reading time, we found a significant (but
minor) reduction in transition time across trials, indicated
by a negative slope (—0.09) for this factor in our model (p =
.037, 77?, = 0.02). This suggests a learning effect regarding the
experimental setup: participants became more proficient as
the experiment progressed, even as reading fatigue set in.

Figure 9 visualizes the average reading and transition times for
each participant, separated by CVAS. The plots confirm that both
reading times (a, ¢) and transition times (b, d) were shorter with LP
than with GB.

Moreover, the transition time plots (b, d) reveal that the differ-
ence is primarily driven by the first and last transitions. This reflects
the initial setup time required in GB for participants to adjust the
zoom and pan to the first article. This effect was particularly pro-
nounced for participants with low vision, who were less familiar
with touch gestures. These graphs underscore how layouts that
eliminate manual interaction can significantly improve reading
performance for users in CVAS.

5.3 Task 2 analysis

Regarding Task 2, we derived two metrics to test hypotheses H3
and H4:
(1) Success ratio: for this task, the success ratio was a binary
measure (1 = target headline found, 0 = not found).
(2) Completion time: The total task duration, from stimulus
onset to completion.

5.3.1 Success ratio. Our analysis revealed a significant effect of
NewspaperID (p = 0.001, 1712, = 0.09), and an interaction between
NewspaperID and CVAS (p = .006, 17}2, = 0.07) related to one specific
newspaper layout (#13). This was traced to a single participant with
low vision who, likely due to fatigue on his final trials, failed to
find the target in either condition. Given the small sample size, this
single failure disproportionately skewed the result for that specific
case (48.9% success ratio).

Apart from this statistical artifact, no other factors had a signif-
icant effect on the success ratio. Overall, participants performed
very well, achieving a success rate of over 90% in both the GB and
LP conditions.

5.3.2  Completion time. We extracted completion time for each
trial, measured in seconds. Our analysis identified two significant
factors:

o Condition: There is a significant difference between condi-
tions (p < .001, nf, = 0.12). Overall, participants had 50%
shorter completion time with LP than with GB (GB: 18.7 s;
LP: 9.25s). This effect was observed across both CVAS as
shown by the significance of the interaction (p < .001, r]f, =
0.07), with a 51% improvement for participants with nor-
mal vision (GB: 6.91s; LP: 3.36s) and a 50% improvement
for participants with low vision (GB: 30.37 s; LP: 15.03 s). We
attribute this to the navigational cost of manual interaction:
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Figure 9: Reading and transition time per condition (Task
1). Reading time (left column) and transition time (right col-
umn) boxplots for participants with normal vision (top row)
and with low vision (bottom row). (a, c) shows reading time
boxplots. (b, d) shows transition time boxplot, separated by
transition type: first transition (from stimulus onset to first
headline), average of middle transitions (between headlines)
and last transition (from last article to end of task). Outliers
were removed to improve visualization

in GB, the effort required to manage the interaction distracts
from the structural retrieval task. In contrast, LP allows for
direct perception of the layout, reducing the time spent on
interface management. This result provides strong support
for H3.

e CVAS: Participants with normal vision located the target
considerably faster (avg. 5.14 s) than participants with low
vision (avg. 22.7 s) (p < .001, r]lz, =0.71).

We can observe these results in Fig. 10.

5.3.3 Headline zone in Task 2. Finally, we explored whether the tar-
get headline’s location ("zone") influenced task completion time. The
analysis revealed no statistically significant effect (p = .067, r]f, =
0.03) and therefore we cannot confirm the hypothesis 4.

5.4 Participants preferences

To test H5, we analyzed NASA-TLX scores, a direct preference
question, and qualitative feedback.

NASA-TLX results (Fig. 11) showed that participants with normal
vision favored LP across all dimensions. In contrast, participants
with low vision reported higher physical and mental demand, to-
gether with more frustration for LP. Further analysis revealed this
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Figure 10: Completion time per condition (Task 2), only suc-
cessful cases. Boxplots showing participants’ distributions,
with (a) normal vision and (b) low vision.

was driven by participants with the most severe visual impairments
(i.e., higher CPS). This finding requires careful contextualization:
while producing LP based on CPS is ecologically valid, our strict
requirement to render full headlines for experimental fairness be-
tween conditions imposed a magnification ceiling that frustrated
these participants. In a real-world deployment, this could be miti-
gated by summarizing or truncating content to allow even higher
magnification levels. However, for extreme visual constraints re-
quiring extreme magnification levels, preserving a spatial 2D layout
will inevitably become unfeasible, necessitating a shift to alterna-
tive solutions such as linear presentations (feed-like formats), as
explored in prior work [5].

We triangulated these findings with objective performance (the
sum of Task 1 and 2 completion times) and subjective preference.
Based on total time, all participants (100%) performed better with
LP. The final preference question aligned with NASA-TLX results
for most participants (75%), though some discrepancies arose (25%).
These discrepancies are not surprising, as NASA-TLX is a non-
comparative tool known to be sensitive to task order and subjective
recall. This subjectivity is likely amplified in participants with low
vision, for whom the tasks were generally much more demanding,
leading to less consistent ratings across conditions. To address this,
we asked participants with low vision at the end of the study to
indicate, for each NASA-TLX dimension, which condition they pre-
ferred. This post-hoc comparative measure captured their subjective
preference, giving in fact a preference for LP for all NASA-TLX di-
mensions except effort and frustration, where there is no preference
for either condition. This reinforces the overall advantage of LP.
Nevertheless, a dedicated comparative workload assessment would
provide a more reliable metric in future studies.

Finally, qualitative feedback provided additional insights:

(1) Comfort and Focus: Participants favored LP for a more com-
fortable and focused experience. Several participants with
low vision even changed their preference from GB to LP over
the course of the experiment.

(2) Layout constraints: Even if they overall prefer LP, they do
not like to read headlines with too many lines and/or word
breaks, which is something the relayouting method [21]

IMX ’26, June 09-11, 2026, Athlone, Ireland

minimizes. This comment reinforces our idea of doing a re-
layouting over the original newspaper page while increasing
font size and not just the latter, but also opens opportunities
to improve this relayouting algorithm.

(3) Desire for control: A small minority (3 of 24, or 12.5%, which
corresponds to the participants with the highest CPS) pre-
ferred GB despite their lower performance. This finding high-
lights that a subset of users may prioritize the sense of con-
trol provided by manual interaction, even when it imposes
a significantly higher behavioral and performance cost by
disrupting the structural perception of the layout.

(4) Feed-like layouts: Participants enjoyed the vertical, feed-like
layouts possible in LP. However, as argued in the Introduc-
tion, our goal is to support the complex, aesthetic layouts of
realistic newspapers, for which simple feed-like designs are
not a scalable solution, especially when ads or images are
present, since they cannot be shrunk.

Taken together, these quantitative and qualitative results confirm
our preference hypothesis H5.

pts with NV

Effort Effort

pts with LV

Tempordl Frystration Tempordl Frystration

Performance Performance

(2) (b)

— GB — LP

Figure 11: NASA-TLX average scores for each question, for
both GB and LP, collected after completing the experiment.
For all dimensions, lower scores indicate better perceived
workload, except for performance, where higher scores are
better. (a) Participants with normal vision show a clear ad-
vantage for LP. (b) Participants with low vision show similar
trends, though results should be interpreted cautiously due to
the small sample size, which can skew the results, and higher
subjectivity of their responses, as tasks were generally more
demanding and ratings less consistent across conditions (see
text for more details).

5.5 Summary

Based on our previous results, let us make a summary focused in
each hypothesis:

H1 Supported. LP significantly improved mechanical efficiency,
with faster completion times and more efficient transitions
between articles compared to the navigational overhead of
GB.
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H?2 Supported. We established a reference path based on B trials,
which followed a left-to-right, top-to-bottom reading order.
We then measured how similar the reading paths in GB and
LP were to this reference path. In both CVAS, LP paths were
significantly more similar to the reference path than GB paths.
This confirms that LP preserves the behavioral integrity of
the reading process, whereas manual interaction forces a
shift in the reader’s exploration strategy.

H3 Supported. Locating a specific target headline was faster
using LP, demonstrating the advantage of direct structural
access in eliminating the navigational overhead and cost of
fragmented manual interaction.

H4 Not supported. While we observed a non-significant trend
related to target position, our analysis did not find sufficient
statistical evidence to support this hypothesis.

H5 Supported. NASA-TLX scores, a direct preference question,
and qualitative feedback all converged to show a strong
overall user preference for LP.

5.6 Discussion

5.6.1 ConditionOrder impact. As shown in Table 2, we model con-
ditions using a within-subject factor, which we counterbalance by
systematic alternation to balance order (illustrated in Fig. 4). In ad-
dition, statistical analysis on ConditionOrder showed no significant
results, indicating a lack of fatigue effects.

5.6.2 Generalization of the study. Our findings are expected to gen-
eralize within structured, layout-based documents, as loss of global
context and interface manipulability are content-independent prop-
erties of GB vs. LP. While this study quantified text-only reading,
the methodology could potentially be extended to richer layouts
with additional entry points [42]. This would require identifying the
specific natural reading paths associated with such layouts, which
would differ from the one defined here. Furthermore, we recognise
that future protocols would likely need adaptations to address this
use case, such as moving beyond reading aloud or accounting for
CPS limitations when integrating visual elements.

5.6.3 Training and familiarity effects. The potential role of training
and familiarity also merits consideration; observed patterns were
similar for participants with normal-vision (already familiar with
magnification) and low vision, though effects were larger for the
latter. This suggests that training could reduce difference magni-
tude for them, but their visual acuity will prevent eliminating the
gap, and the qualitative pattern between GB and LP is unlikely to
change.

6 Conclusion

In this work, we quantified the behavioral and performance cost
of consuming digital layout-based media when visual access is
constrained. This challenge affects both readers on small-screen
devices and people with low vision.

Our multidimensional study provides empirical evidence and
quantifies the impact of different newspaper interaction modali-
ties. We found that while manual magnification (original edition
with gesture-based magnification) is the standard, it imposes a nav-
igational overhead that disrupts the reader’s canonical strategy.
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In contrast, large-print edition with direct access acts as a modal-
ity that restores behavioral integrity. Compared to gesture-based
magnification, large-print edition with direct access enabled faster
performance and a natural reading path (closely resembling the
reference strategy), a stronger mental representation of document
structure, and a significantly lower perceived workload.

These results indicate that magnification alone may be insuffi-
cient to support effective reading and consistent quality of experi-
ence in layout-based documents. The standard paradigm (original
edition with gesture-based magnification) can make navigating a
page more challenging, not due to a lack of features, but by poten-
tially disrupting spatial context and forcing a shift from natural
content consumption. By contrast, re-layouting documents into
large-print editions (large-print edition with direct access) pre-
serves the spatial qualities of the layout (such as entry points) and
supports efficient, predictable reading strategies.

Our findings offer important implications: designing digital me-
dia consumption tools should go beyond interactive magnification
tools toward adaptive layouts that combine font scaling with struc-
tural re-flow. Our findings confirm that the effort required to gener-
ate large-print edition with direct access is justified not just by the
improvements in reader performance, but also by the measurable
restoration of behavioral integrity and satisfaction across diverse
populations and devices, supporting efficient and inclusive access
to newspapers, magazines, and other visually complex digital con-
tent. While our study focused on text-only layout-based documents,
future work should extend these methods to richer layouts, incor-
porating graphical elements such as images and advertisements,
and should include careful empirical studies to evaluate additional
types of entry points.
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Appendix: Linear-mixed effects model ANOVA tables

Task 1 success ratio - Fixed effects (type Il tests)

Effect Num DF Den DF Statistic p-value Effect Size
NewspaperID 5 215.94 F=5.72 <.001 n2 =0.12
CVAS (Normal vs Low) 1 23.71 F=2092 <.001 ryg =0.55
Content Version (1,2,3) 2 223.45 F=3.72 0.025 tyg =0.03
NewspaperID x CVAS 5 216.1 F =383 .002 1712, =0.08

Table 3: Task 1 success ratio

Task 1 completion time - Fixed effects (type Il tests)

Effect Num DF Den DF Statistic p-value Effect Size
Condition (GB vs LP) 1 209.43 F=116.5 <.001 n% =0.42
NewspaperID 5 209.89 F =957 <.001 tyg =0.19
CVAS (Normal vs Low) 1 18.61 F=50.19 <.001 1712, =0.73
Content Version (1,2,3) 2 213.5 F=3.21 0.04 1712, =0.03
Condition x CVAS 1 209.18  F=1463 <001 55 =041

Table 4: Task 1 completion time

Task 1 reading path similarity - Fixed effects (type III tests)

Effect Num DF Den DF Statistic p-value Effect Size
Condition (GB vs LP) 1 21075 F=1198 <001 75 =0.14
NewspaperID 5 21251 F=615 <001  p3=0.13
Reading frequency 3 21249 F =594 <.001 7712, =0.08

Post-hoc comparison
NewspaperID (Layout #19 vs others) 5 209.19 F=28.93 <.001 1712] =0.18

Table 5: Task 1 reading path similarity
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Task 1 reading time - Fixed effects (type III tests)

Effect

Condition (GB vs LP)
CVAS (Normal vs Low)
Trial Index (1...6)
Content Version (1,2,3)

Condition X NewspaperID

Num DF Den DF

1

1
1
2
5

209.24
18.3
209.13
211.57
209.02

Statistic
F =6.02
F=155
F=7.66
F=372
F =497

p-value Effect Size
0.01 n = 0.05
<001 17 =046
.006 ;712, =0.04
0.02 Ty = 0.03
<001  pg=0.11

Task 1 transition time - Fixed effects (type III tests)

Effect

Condition (GB vs LP)
CVAS (Normal vs Low)
NewspaperID

Trial Index (1...6)
Condition X CVAS

Num DF Den DF

1
1
5
1
1

210.09
19.58
211.23
209.62
209.47

Statistic
F =173.57
F=171.6
F=17.45
F =438

p-value Effect Size
<001 77 =029
<.001 nzg =08

<001 ;=015

.037 mp = 0.02

F=1138 <001  75;=035

Table 6: Task 1 reading and transition time

Task 2 success ratio - Fixed effects (type III tests)

Effect
NewspaperID
NewspaperID x CVAS

Num DF Den DF Statistic

5
5

219.47

219.66

F =410
F =330

p-value Effect Size
.001 ryz, =0.09
006 17 =007

Table 7: Task 2 success ratio

Task 2 completion time - Fixed effects (type III tests)

Effect

Condition

CVAS (Normal vs Low)
Condition x CVAS

Num DF Den DF

1
1
1

212.63
23.55
210.63

Statistic
F =15.06
F =47.20
F =14.81

p-value Effect Size
<001 2 =0.12
<001 g
<.001 g =0.07

Table 8: Task 2 completion time
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