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Figure 1: The SituFont system dynamically adapts font parameters based on user context and environmental conditions. The
process involves four steps: (1) collecting context and sensor data, (2) generating ML model output, (3) incorporating user
feedback for font parameter adjustments, and (4) producing adaptive model output for continuous improvement.

Abstract
Situational visual impairments (SVIs) hinder mobile readability,
causing discomfort and limiting information access. Building on
prior work in adaptive typography and accessibility, this paper
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presents SituFont, a context-aware and human-in-the-loop adap-
tive typography adjustment approach that enhances smartphone
mobile readability by dynamically adjusting font parameters based
on real-time contextual changes. Using smartphone sensors and
a human-in-the-loop approach, SituFont personalizes text presen-
tation to accommodate personal factors (e.g., fatigue, distraction)
and environmental conditions (e.g., lighting, motion, location). To
inform its design, we conducted formative interviews (N=15) to
identify key SVI factors and controlled experiments (N=18) to quan-
tify their impact on optimal text parameters. A comparative user
study (N=12) across eight simulated SVI scenarios demonstrated
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SituFont’s effectiveness in improving smartphone mobile readabil-
ity in terms of improved efficiency and reduced workload compared
with a non-trivial manual adjustment baseline.

CCS Concepts
• Human-centered computing! Empirical studies in HCI.
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1 Introduction
Mobile computing presents unique challenges due to its dynamic
usage contexts [82]. Unlike desktop computing, mobile devices
are used in varied environments, leading to Situationally Induced
Impairments and Disabilities (SIIDs) [82, 92]. Among these, Situa-
tional Visual Impairments (SVIs) arise from factors like low lighting
and user motion, significantly affecting text readability [56, 75, 76].
These challenges lead to visual fatigue, distraction, and difficulty
processing information [90].

Current solutions for addressing SVIs include manual adjust-
ments [29], such as increasing font size [31], using auditory substi-
tutes [8, 28, 87], and automatic adjustments [29].

While prior work has explored static solutions such as UI bright-
ness modeling [13], post-hoc coping strategies for low visibility [90],
and the effects of font parameters on readability [7, 31], these ap-
proaches typically examine individual factors in isolation and rely
on fixed or manually triggered adjustments [46]. However, real-
world situational visual impairments (SVIs) often involve multiple
dynamic contextual factors, such as motion, lighting variation, dis-
traction, and fatigue, that interact and fluctuate over time. Under
such conditions, static accessibility settings and simple rule-based
interactions (e.g., manually increasing text size or pinch-and-zoom)
place continuous attentional and interactional burden on users
when visual conditions change rapidly or overlap [38]. Users need
to repeatedly detect readability breakdowns and intervene manu-
ally, interrupting reading flow and increasing cognitive load.

This gap highlights the need for dynamic and personalized adap-
tation mechanisms that can respond to changing contexts and learn
from user behavior over time. To address this need, we focus on
smartphone reading in everyday dynamic environments, such as
walking, commuting, or moving across diverse lighting and motion
conditions [37, 38, 71, 114], a setting that is highly representative
given the prevalence of mobile reading in daily life [41, 84, 85, 104].
Within this context, we focus on Chinese text as a deliberate design
probe for examining mobile readability under situational visual
impairments, given its dense character-based structure and wide-
spread use on smartphones, while recognizing that typographic
adaptation may differ across alphabetic or bidirectional scripts [17].

Building on prior research in adaptive typography [38] and situa-
tional visual impairments [46, 90], we propose SituFont, an adaptive
typography approach that leverages context-aware sensing and
human-in-the-loop personalization to adjust font parameters just
in time. SituFont leverages smartphone sensing to infer situational
context and supports incremental personalization through user-
initiated adjustments, which are incorporated as feedback to refine
adaptation over time.

To ground the design of SituFont, we conducted two user studies
to investigate the behavior patterns and SVI factors in smartphone
mobile reading. We first conducted a semi-structured interview
(N=15) to identify users’ practices, challenges, coping mechanisms,
and expectations in smartphonemobile reading. Results found three
main categories (environmental, personal, and informational) of SVI
factors and indicated typography adjustment as a general solution,
but with personalized needs. We further conducted a controlled
experiment (N=18) to examine how key environmental SVI factors
influence the adjustment of key typography parameters. Results
showed that different combinations of SVI factors led to desired
preferences towards certain typography parameter trends.

Building upon these study results, we grounded the system de-
sign and implementation of SituFont. First, we employed a label
tree structure as an efficient representation of context, using hierar-
chical contextual labels that can be customized by the user. Based
on such label sets, a machine learning model is adopted to predict
the optimal font parameters based on the current context repre-
sentation. Moreover, a human-in-the-loop interface is designed to
collect individual adaptation feedback that can be progressively
used to personalize the prediction model. To evaluate SituFont’s
effectiveness, we conducted a comparative study (N=12) simulating
diverse SVI scenarios. Results show that SituFont improves reading
efficiency, reduces perceived workload, and enhances users’ aware-
ness of readability factors comparing with a non-trivial manual
adjustment baseline where the user adjusts the parameters to a
static optimal according to the scenario before the reading tasks.

Building on prior work in adaptive typography and situational
visual impairments, this paper makes the following contributions:
� Empirical insights from qualitative and quantitative studies
examining how environmental, personal, and informational
factors jointly affect mobile reading under SVIs.
� The design and evaluation of SituFont, a population-informed,
human-in-the-loop approach for just-in-time typographic
adaptation that supports incremental personalization in dy-
namic contexts.
� Design considerations for SVI interventions that emphasize
the timing, activation, and integration of adaptation into the
reading flow.

2 Related Work
2.1 Situational Visual Impairments and

Mitigation Strategies
Situation-induced disorders and disabilities (SIIDs), introduced
by Sears et al. [82], describe contexts in which environmental,
application-specific, or human factors impair user interaction. Sarsen-
bayeva et al. identified six key contributors to such barriers in
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mobile use: ambient temperature [19, 75], ambient light [92], envi-
ronmental noise [4], mobility status [16, 43, 55, 78], burden [58, 59],
and pressure [43]. These factors disrupt interaction by degrading
motor control and environmental awareness (e.g., movement, bur-
den, temperature) or by hindering information acquisition (e.g.,
light, noise, attention). From a perceptual perspective, such sit-
uational factors reduce e�ective visual span and increase visual
crowding, constraining reading rate and recognition under subop-
timal viewing conditions [69, 73]. Among these, situational visual
impairments (SVIs) are particularly impactful, directly reducing
legibility and increasing visual strain on mobile displays [91, 92].
SVIs commonly arise from low lighting or motion, which impair
reading comprehension and visual performance [51, 56, 95]. Am-
bient lighting [14, 90] and environmental noise [53, 77] further
degrade text recognition and cognitive function.

To mitigate SVIs, prior work has explored compensatory strate-
gies, particularly for �reading on the move,� where users must di-
vide attention between navigation and reading. Auditory feedback
has been proposed as a workaround [8, 36, 95, 112], but its linear
structure and reliance on the auditory channel limit �exibility and
usability [36]. Other systems emphasize safety via visual augmen-
tation; for example, CrashAlert [28] uses depth cameras to detect
obstacles. In more static contexts, design guidelines address SVIs
under ambient light: Evans [13] proposed a brightness perception
model for UI design, and Tigwell [90] identi�ed common SVI sce-
narios and coping strategies through a model linking environment,
device, and user interaction. Complementary work on alternative
display modes (e.g., light and dark modes) examines how global
UI color schemes are adopted to improve comfort and accessibility
across luminance conditions [1]. Despite these contributions, most
approaches rely on static settings, prede�ned rules, or post-hoc
compensation, o�ering limited real-time adaptation to dynamic en-
vironments. They also tend to overlook individual di�erences and
user preferences in text perception, constraining personalization
and broader applicability.

2.2 Font Characteristics and Mobile Phone Text
Legibility

Optimizing text for SVIs requires understanding how font charac-
teristics in�uence legibility on smartphones. Research highlights
font size, weight, line spacing, and character spacing as key fac-
tors. Larger fonts improve readability, particularly for users with
impaired vision, but excessively large sizes reduce e�ciency by in-
creasing scrolling demands [30, 31, 117]. Bold fonts enhance recog-
nition but may cause discomfort if too thick [7]. Proper line and
character spacing improve layout clarity and character di�erentia-
tion, making text easier to read [49,63,103,117]. These typographic
e�ects can be interpreted through visual-span and crowding ac-
counts of reading, which show that letter size and spacing jointly
constrain maximum reading rate under limited visual resolution
and increased clutter [11, 69].

Beyond these font characteristics, additional factors such as
screen size, text orientation, and reading direction also a�ect legibil-
ity. While larger screens generally facilitate easier reading, research
suggests they do not signi�cantly impact reading e�ciency [106].
Similarly, text orientation and reading direction in�uence legibility,

but their e�ects are often less pronounced than expected [21, 109].
Dynamic text presentation methods, such as Rapid Serial Visual
Presentation (RSVP) and peripheral vision considerations, have also
been explored to enhance reading speed and e�ciency [23, 54, 93].
While prior research has explored how font characteristics a�ect
readability, most studies focus on general legibility principles rather
than their impact under situational constraints such as motion or
lighting, and they are often conducted in controlled laboratories
rather than realistic SVI contexts. As a result, it remains unclear
how established typographic guidelines should be adjusted when
readers must cope with motion, glare, or divided attention on mo-
bile devices.

2.3 Just-in-time Adaptive Interventions with
Human in the Loop

Just-in-time adaptive interventions (JITAIs) provide personalized
support by dynamically adapting to a user's internal state and
external context [57], making them particularly relevant for miti-
gating SVIs where rapid environmental changes disrupt readabil-
ity. While JITAIs have been widely applied in health domains
[18, 25, 50, 67, 72, 89], their use for addressing SVIs remains largely
unexplored. JITAIs can be categorized as rule-based or AI-based:
rule-based systems like FOCUS [10] rely on prede�ned triggers and
user input [22], while AI-driven JITAIs personalize interventions us-
ing behavioral and contextual data [64, 74]. For example, Matthew
et al. used a random forest model to predict nudge receptiveness
from individualized context [74]. Recent systems such as Time2Stop
[64] incorporate human-in-the-loop feedback, re�ning strategies
over time while maintaining transparency through AI-generated
explanations.

Outside JITAIs, sensor-based adaptive mobile user interfaces
have long explored how to personalize layout and interaction based
on sensed context [32, 79], yet many of these systems have seen
limited deployment, in part due to concerns around intrusiveness,
transparency, and cost. Advances in situational awareness technolo-
gies further extend the potential of JITAIs for SVIs. Mobile sensors
can capture ambient light and motion data [7, 65, 118], while im-
age recognition techniques extract semantic context from visual
surroundings [15, 83, 88]. The integration of Large Language Mod-
els (LLMs), which excel at text understanding and generation [96],
enables context-aware interventions such as automatic font adjust-
ments and personalized reading recommendations [45, 62, 116]. At
the same time, mobile sensing for adaptive interfaces raises well-
documented privacy and acceptability concerns, prompting pro-
posals for user-centered privacy controls and privacy-preserving
processing of sensor data [5, 27]. Despite these advances, most JI-
TAI systems focus on behavioral outcomes and overlook perceptual
and cognitive challenges like SVIs. Furthermore, current AI-driven
solutions often lack e�ective mechanisms for balancing automa-
tion and user control, raising concerns about intervention timing,
transparency, and personalization.

3 Formative study
To design a system that mitigates SVIs in mobile reading, we oper-
ationalize the �Understanding � Sensing � Modeling � Adapting�
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Figure 2: Work�ow of the Semi-Structured Interviews.

Figure 3: Interview Findings: Factors A�ecting Situational Visual Impairments. The numbers inside the rectangles indicate the
proportion of respondents who mentioned each factor.

cycle for situational visual impairments and related SIIDs in smart-
phone reading [92]. In this framework, theUnderstandingmodule
identi�es contextual factors that a�ect readability, which are then
detected by theSensingmodule. TheModelingmodule determines
how these factors in�uence reading, enabling theAdaptingmodule
to dynamically adjust text presentation. In the following sections,
we �rst contextualize key SVI-inducing factors and users' exist-
ing coping strategies for Chinese mobile reading through Study
1 (Section 3.1), then examine how to model these factors and the
associated font adjustments for real-time adaptation in Study 2 (Sec-
tion 3.2), and �nally synthesize the �ndings into design implications
that inform the sensing, modeling, and interaction mechanisms of
SituFont.

3.1 Study 1: Contexts, Factors, and Coping
Strategies

To identify environmental and personal factors that induce SVIs
during mobile reading, as well as user strategies for mitigation, we
conducted 15 semi-structured interviews to explore participants'
challenges, coping mechanisms, and expectations for more support-
ive reading interfaces in everyday situations.

3.1.1 Research Methods.We interviewed 15 participants aged 19�52,
including students and professionals with diverse visual condi-
tions such as myopia, astigmatism, presbyopia, and normal vision
(Appendix A, Table 9). Participants were recruited via university
mailing lists and public social media posts. Interviews were con-
ducted remotely using Tencent Meeting1 and lasted 30�40 minutes.
Each session began with an overview of SVIs, followed by discus-
sions of participants' mobile reading experiences, coping strate-
gies, and suggestions for improving readability (Figure 2; Appendix
A). All interviews were audio-recorded, transcribed, and analyzed
in MAXQDA [97] using inductive thematic analysis [6]. Two re-
searchers independently conducted open coding, iteratively re�ned
a shared codebook, and clustered conceptually related codes to gen-
erate �nal themes. Disagreements were resolved through discussion
until consensus was reached.

3.1.2 Findings.Environmental Factors.Reading while in motion
posed a major challenge, especially during walking (11/15) and run-
ning (9/15). Movement-induced vibration blurred text, impairing
recognition (P3, P6, P8�9, P13, P15), and sometimes caused dizzi-
ness (P8, P10, P13) or slower reading speeds (P6, P12, P14�15). Some
participants (P4) found it di�cult to concentrate due to the need to

1https://meeting.tencent.com/
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monitor their surroundings, while others (P1, P5, P11) avoided read-
ing while running altogether. In addition, all participants (15/15)
reported di�culty reading in vehicles, especially during commutes
(P6, P7, P10). Movement in private cars disrupted focus and some-
times led to motion sickness (P2, P7, P10, P12). Bright outdoor
light was another common issue. Six participants (P1�2, P10�11,
P13�14) noted that screen brightness adjustments were often in-
su�cient under direct sunlight, necessitating increased font size
and weight to maintain legibility. Reading at suboptimal viewing
distances was also problematic, particularly when users could not
freely adjust their phone position. This occurred in scenarios such
as driving, where phones were mounted at a �xed distance (P5),
or crowded environments like subways (P13), where users lacked
space to reposition their device. These four primary SVI factors,
which include intense brightness, high vibration, distraction, and
fatigue, have also been widely reported in prior work on SVIs and
mobile readability. Rather than proposing new SVI categories, our
contribution lies in characterizing how these factors co-occur in
everyday mobile reading, and in operationalizing their most re-
alistic combinations into design-relevant scenarios for adaptive
typography and JITAI-based interventions.

Personal Factors.Visual acuity impacted readability, especially for
participants who wore glasses or contact lenses (9/11). Challenges
were exacerbated when they were not wearing corrective lenses,
particularly before bed (P4, P6, P7, P10, P11, P12). Comprehension
ability in�uenced ease of reading, with some participants (P8, P14)
reporting increased visual fatigue when reading lengthy texts. Con-
centration di�culties were another barrier, as participants (P3, P10,
P13) mentioned distractions and multitasking negatively a�ected
their reading e�ciency. These personal factors later informed the
personalized branch of our context label hierarchy and the design
of user-con�gurable preferences in SituFont.

Information Factors.Participants generally agree that text pre-
sentation played a crucial role in readability. Text parameters such
as excessively small font sizes (= = 13), thin fonts (= = 6), overly
large line spacing (= = 4), and small character spacing (= = 2)
were frequently cited as readability obstacles. Information di�culty
was another key factor as highly specialized or information-dense
content was di�cult to comprehend (= = 2). These observations
motivated our focus on font parameters as the primary adapta-
tion channel, while treating content di�culty as a separate factor
that is more appropriately addressed through content selection or
summarization rather than low-level typography alone.

Strategies and Challenges.Adjusting reading distance was the
most commonly reported strategy, though it often caused physi-
cal discomfort. For instance, P6 described repeatedly moving their
phones closer or farther, which led to neck strain during prolonged
use. To reduce visual load, several participants (P8, P10, P13, P15)
used auditory substitutes like voice assistants or text-to-speech
tools, particularly when visual input was compromised. However,
these were frequently impractical. P13 noted ine�ciency while
driving, and others (P9, P15) cited issues in noisy or private environ-
ments. All participants (15/15) increased font size as a workaround,
but many, especially younger users (8/15), found that it disrupted
formatting and required excessive scrolling. There was also wide-
spread reluctance to manually adjust settings due to the time and
e�ort involved; participants expressed a preference for systems

that could automatically adapt to changing conditions without user
input. These �ndings highlight the demand for seamless, context-
aware font adjustment that complements, rather than replaces,
users' existing strategies, and they directly motivate our human-in-
the-loop approach in later system design.

3.2 Study 2: Modeling Key Factors for
Adaptation

Building on qualitative insights from Study 1, we identi�ed three
major categories of factors in�uencing SVIs: environmental condi-
tions (e.g., motion, lighting), personal characteristics (e.g., visual
acuity, comprehension, concentration), and information-related as-
pects (e.g., text size, spacing, content complexity, length) (Figure
3). These �ndings informed the design of Study 2, which aimed
to quantify how environmental conditions a�ect preferred font
parameters and to provide aggregate data that can be used as an
initial model for JITAI-based systems before su�cient individual
data become available. We conducted a controlled experiment ex-
amining how light intensity, motion states, and vibration levels
impact adjustments to key font parameters, including font size,
weight, line spacing, and character spacing.

3.2.1 Research Methods.Participants.We recruited 18 university
students aged 18 to 25 with normal or corrected vision through
public social media posts; none had participated in the prior inter-
views. Consistent with the scope of this work, participants reported
daily experience reading Chinese text on smartphones. Each par-
ticipant experienced six scenarios combining two light intensity
levels (low, high) and three movement states (standing, walking,
running) (Table 1). The indoor standing condition served as a low-
SVI baseline, and the remaining �ve conditions combined increased
motion and/or outdoor light to approximate common real-world
SVI situations (e.g., commuting, walking outdoors).

Procedure.Participants used a custom-built mobile application
preloaded with six isomorphic Chinese reading passages (550 char-
acters each, high school level) and displayed in plain text. They
read the passages in both indoor and outdoor environments while
standing, walking, or running. Participants were instructed to stand
still, walk at a natural pace, and run at a light jogging pace. Before
the experiment, we instructed participants to prioritize legibility
and comfort rather than speed, and to adjust font parameters until
they felt the text was comfortably readable in each scenario. During
reading, participants adjusted font parameters (font size, weight,
line spacing, and character spacing) via a one-handed interface.
Adjustments could be made freely at any time by double-tapping
the screen. During the experiment, indoor lighting was strictly con-
trolled to be below 200 lux (with an average of approximately 100
lux), while outdoor lighting was strictly maintained above 10,000
lux (with an average of approximately 30,000 lux).

Apparatus.To ensure consistency, we used two HUAWEI P40
smartphones (6.1-inch screen, 2340Ö1080 resolution) across all ses-
sions. Built-in sensors recorded ambient light, acceleration (vibra-
tion), and reading distance. Display settings were standardized:
black text on a white background, with brightness �xed at 100% for
outdoor (corresponding to 531 nits) and 50% for indoor conditions.
These settings were uniformly applied to both devices. Environ-
mental data (light intensity, reading distance, vibration o�set) were
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ID Scenario Motion State Light Level Vibration Level

1 Indoor Corridor Standing Low Low
2 Indoor Corridor Walking Low Medium
3 Indoor Corridor Running Low High
4 Outdoor Playground Standing High Low
5 Outdoor Playground Walking High Medium
6 Outdoor Playground Running High High

Table 1: Experimental Scenarios: Motion, Light, and Vibration Conditions

recorded alongside participants' font adjustments. Line and char-
acter spacing were logged inemunits (e.g., 0.05em= 5% of font
size). Data cleaning involved removing incomplete or clearly erro-
neous entries, such as missing sensor data or implausible reading
distances caused by blur or sensor errors. Thresholds for exclusion
were empirically de�ned based on pilot testing. After cleaning, 497
valid datasets remained, averaging 28 per participant and 83 per
scenario. Study 2 did not evaluate SituFont directly; instead, its role
was to characterize how participants adjust font parameters under
controlled manipulations of light and motion, and to provide design
priors for later modeling and adaptation. Additional technical and
procedural details are provided in Appendix B.

3.2.2 Findings.Signi�cant di�erences were observed in light in-
tensity and motion states across scenarios while reading distance
remained stable (Table 2). Light intensity was substantially higher
in outdoor (" = 41998”37• (� = 26421”78) compared to indoor
environments (" = 93”90• (� = 79”66). Motion states also exhib-
ited signi�cant di�erences, con�rmed by three-axis acceleration
data. Standing showed the lowest values (- : " = 0”17• (� =
0”10;. : " = 0”10• (� = 0”07;/ : " = 0”25• (� = 0”18), followed
by walking (- : " = 0”53• (� = 0”14;. : " = 0”67• (� = 0”14;/ :
" = 0”79• (� = 0”24) and running (- : " = 1”48• (� = 0”57;. :
" = 1”48• (� = 0”87;/ : " = 1”65• (� = 0”55). Reading distance
remained consistent across scenarios.

Light Intensity: Low v.s. High.Our analysis revealed that light in-
tensity signi�cantly in�uenced font weight. In low-light indoor con-
ditions, participants maintained relatively consistent font weights
(" = 0”59 indoor standing," = 0”79 indoor walking). In con-
trast, in high-light conditions (outdoor), participants consistently
increased font weight to enhance text contrast, with the strongest
adjustments seen in outdoor running (" = 1”30• (� = 0”87). Font
weight showed a strong positive correlation with light intensity
(A= 0”373• ? Ÿ 0”01). Font size showed relatively minor adjustments
under varying light conditions (A= 0”117• ? Ÿ 0”01), indicating that
participants primarily relied on weight adjustments rather than
size to maintain readability.

Motion: Low v.s. High.Motion had a pronounced impact, particu-
larly on font size. In low-motion scenarios, participants used smaller
font sizes (" = 20”60• (� = 3”99indoor). In high-motion scenarios,
participants signi�cantly increased font size (" = 23”84• (� = 5”31
indoor," = 23”64• (� = 4”92outdoor). Font size showed a strong
positive correlation with motion (A = 0”368• ? Ÿ 0”01), re�ecting
the need for larger text to maintain clarity during movement.Line
spacing also exhibited moderate adjustments in high-motion sce-
narios, showing signi�cant positive correlations with vibration

(A= 0”170• ? Ÿ 0”01). However, character spacing remained largely
una�ected.

Vibration: Low v.s. High.Vibration particularly impacts font size
and font weight. In low-vibration scenarios (standing), participants
used smaller font sizes (" = 20”60• (� = 3”99indoor). However, in
high-vibration scenarios (running), font size (" = 23”84• (� = 5”31
indoor, " = 23”64• (� = 4”92 outdoor) and font weight (" =
1”04• (� = 0”95 indoor, " = 1”30• (� = 0”87outdoor) increased
signi�cantly. Vibration showed strong correlations with font size
(A= 0”360• ? Ÿ 0”01) and font weight (A= 0”239• ? Ÿ 0”01).

High-Light + Motion.In scenarios combining high light and mo-
tion, participants made the most signi�cant adjustments in both
font size and weight. For instance, in outdoor running scenarios,
font size reached" = 23”64• (� = 4”92, and font weight increased
to " = 1”30• (� = 0”87(Table 4). These patterns suggest that high
luminance and motion jointly motivate participants to increase
both the size and contrast of text to preserve legibility.

High-Light + Vibration.Under conditions combining high light
and vibration, font weight was the most adjusted parameter (A=
0”373• ? Ÿ 0”01), emphasizing contrast as the critical factor.

Individual Di�erences.Text adjustments varied signi�cantly across
participants, re�ecting individual preferences (Table 5). Font size
variability was highest in indoor running scenarios ((� = 4”467).
Font weight variability peaked in outdoor walking ((� = 0”827)
and outdoor running ((� = 0”791). Line spacing showed moder-
ate variability, while character spacing exhibited minimal changes.
These variations motivated us to treat the relationships between
environmental conditions and font parameters derived from Study
2 as population-level priors that can be further personalized in later
adaptive models, rather than as prescriptions for a single optimal
con�guration.

3.3 Design Implications
Findings from Study 1 (interviews) and Study 2 (controlled ex-
periment) converge on several design implications for readability
support under SVIs. These implications informed the sensing, mod-
eling, and interaction mechanisms of SituFont.

Contextual Awareness and Automated Adaptation.Both stud-
ies highlight the importance of context-aware font adjustments
grounded in sensed environmental conditions. In Study 1, partici-
pants participants expressed a preference for systems that adjust
text presentation in response to changing conditions, reducing
the need for repeated manual con�guration. Study 2 quanti�ed
how motion and lighting are associated with systematic changes
in preferred font size and weight, particularly in high-motion (e.g.,
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ID Scenario X-Axis (< •B2) Y-Axis (< •B2) Z-Axis (< •B2) Light (lux) Reading Distance (cm)

1 Indoor Standing 0”18� 0”13 0”11� 0”08 0”26� 0”22 111”69� 89”14 33”00� 11”46
2 Indoor Walking 0”53� 0”15 0”65� 0”15 0”80� 0”28 86”08� 81”86 31”84� 9”69
3 Indoor Running 1”41� 0”59 1”42� 0”85 1”58� 0”55 82”42� 62”78 30”99� 8”73
4 Outdoor Standing 0”16� 0”08 0”10� 0”05 0”24� 0”13 51208”67� 27990”79 29”96� 10”98
5 Outdoor Walking 0”52� 0”14 0”68� 0”14 0”78� 0”19 38263”15� 23249”25 30”84� 9”03
6 Outdoor Running 1”54� 0”55 1”52� 0”90 1”70� 0”55 36482”24� 25716”72 29”33� 8”57

F Value 261.146 121.825 258.395 125.669 1.496
p Value 0.000** 0.000** 0.000** 0.000** 0.189

* ? Ÿ 0”05, **? Ÿ 0”01.
Table 2: Variance Analysis Table of Sensor Data Features in 6 Experimental Scenarios

Reading Distance Light Intensity Vibration O�set

X Axis Y Axis Z Axis

Font Size 0.404** 0.117** 0.368** 0.333** 0.381**
Font Weight 0.228** 0.373** 0.230** 0.263** 0.225**
Line Spacing 0.132** -0.038 0.170** 0.168** 0.173**
Character Spacing 0.057 0.042 -0.036 -0.066 -0.037

* ? Ÿ 0”05, **? Ÿ 0”01.

Table 3: Spearman Correlation Coe�cients of Environmental Factors and Readable Text Parameters

ID Scenario Font Size (sp) Font Weight (px) Line Spacing (em) Character Spacing (em)

1 Indoor Standing 20”60� 3”99 0”59� 0”65 0”25� 0”14 0”10� 0”10
2 Indoor Walking 21”29� 3”98 0”79� 0”76 0”27� 0”17 0”08� 0”09
3 Indoor Running 23”84� 5”31 0”93� 0”80 0”29� 0”16 0”10� 0”09
4 Outdoor Standing 19”28� 3”63 0”93� 0”79 0”25� 0”16 0”09� 0”08
5 Outdoor Walking 21”08� 3”26 1”04� 0”95 0”22� 0”13 0”09� 0”09
6 Outdoor Running 23”64� 4”92 1”30� 0”87 0”31� 0”14 0”12� 0”14

F Value 15.108 7.275 4.666 1.301
p Value 0.000** 0.000** 0.000** 0.262

* ? Ÿ 0”05, **? Ÿ 0”01.

Table 4: ANOVA Table of Readable Text Parameters in 6 Experimental Scenarios

ID Scenario Size (sp) Weight (px) Line (em) Char (em)

1 Indoor Standing 2.70 0.65 0.14 0.09
2 Indoor Walking 2.94 0.66 0.16 0.08
3 Indoor Running 4.47 0.69 0.16 0.09
4 Outdoor Standing 2.08 0.61 0.13 0.06
5 Outdoor Walking 2.40 0.83 0.13 0.08
6 Outdoor Running 3.80 0.79 0.12 0.13

Table 5: Standard deviation of preferred typographic parameters across six experimental scenarios (N=18).

running) and high-light (e.g., outdoor) scenarios. Together, these
�ndings suggest that real-time sensing via smartphone sensors (e.g.,

accelerometers, ambient light) can provide a basis for automated
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adjustments that approximate users' preferred con�gurations under
di�erent SVIs.

Personalization and User Agency.Study 1 emphasized the need
for customizable settings, with participants noting that "everyone's
eyes are di�erent." Study 2 con�rmed this through large individ-
ual variations in font size and weight preferences, especially under
demanding conditions. These observations indicate that population-
level models derived from aggregate data are insu�cient on their
own. Systems should therefore o�er multiple adaptation levels,
such as adjustable sensitivity, optional prompts before changes,
and the ability to override or re�ne suggestions, so that automated
adaptations can be progressively personalized. A hybrid model that
balances automation and user agency is likely to better accommo-
date diverse visual needs and preferences.

Addressing Limitations of Existing Coping Strategies.Study 1 par-
ticipants reported using manual adjustments, larger fonts, and text-
to-speech, but found them insu�cient. Reading distance adjust-
ments caused discomfort, large fonts disrupted layout, and audi-
tory tools were impractical in noisy or private settings. Study 2
con�rmed that no single adjustment resolved all challenges, high-
lighting the need for multifactorial adaptation strategies. These
�ndings point toward combining adjustments to multiple font pa-
rameters (e.g., size, weight, spacing) in response to speci�c SVI
patterns, rather than relying solely on single-parameter changes
such as global zoom or font size increase.

Simpli�ed Interaction and Reduced Cognitive Load.Participants in
Study 1 found manual adjustments burdensome and often avoided
them. To ease interaction, systems should minimize the need for
deep navigation into settings menus and instead o�er lightweight,
context-aware interaction mechanisms. For example, gesture-based
shortcuts (e.g., a long-press that triggers an adaptive suggestion) can
provide quick access to adjustments, while adaptive interfaces can
learn from users' con�rmations and corrections over time, thereby
reducing repeated manual con�guration.

Targeted Adaptations for High-Variability Scenarios.Both studies
point to the importance of tailoring interventions to high-variability
scenarios, especially reading in motion, adapting to light changes,
and accounting for user di�erences. Study 1 identi�ed these as
most disruptive; Study 2 con�rmed that running and outdoor set-
tings showed the greatest need for font adjustments. These patterns
motivated us to treat such scenarios (e.g., outdoor running, out-
door walking) as distinct context nodes when structuring the label
hierarchy and to prioritize them as primary targets for adaptive
interventions in SituFont.

4 SituFont System Design and Implementation
As summarised in Figure 4 , we used these formative insights to
design SituFont, a JITAI-inspired system that enhances readabil-
ity by dynamically adjusting font parameters based on real-time
contextual changes and user feedback. In the sections below, we
outline the design (Section 4.1) and implementation (Section 4.2) of
the SituFont system.

4.1 SituFont System Design Overview
SituFont's core components include the ML Training Pipeline, the
Label Tree of Reading Scenario, and the Human-AI loop Work�ow.

Each module plays a key role in the system's font adaptation and
e�ectiveness.

4.1.1 Machine Learning for Font Parameters Recommendation.Con-
structing an ML-driven JITAI system for recommending suitable
font parameters involves two steps:

(1) Initial Model from Group Data.SituFont initializes font pa-
rameter recommendations using an ML model trained on aggre-
gated group-level adjustment data collected in Formative Study 2
(Section 3.2). This model captures common adaptation patterns ob-
served across users as they adjusted font size, weight, letter spacing,
and line spacing under varying environmental conditions such as
reading distance, light intensity, and phone acceleration. The result-
ing predictions re�ect population-level trends in how typography
is adapted under SVIs, providing a reasonable cold-start behavior
when users �rst interact with the system.

Developing this initial model serves two purposes. First, it en-
ables the system to provide immediate, context-sensitive font rec-
ommendations without requiring prior personalization. Second, it
establishes a foundation that can be incrementally re�ned with
user-speci�c feedback over time, allowing the model to adapt to in-
dividual reading habits with minimal additional data. In this setup,
environmental factors are used as input features, while adjusted
typographic parameters serve as output variables for supervised
learning.

(2) Collecting Data from Users' Daily Usage.Data is collected
through the interface shown in the system (�gure 5). When users
double-tap the screen, a control panel for adjusting text parameters
appears near the tapped location to make it easier to adjust settings.
While users modify parameters, the system automatically detects
reading distance, light intensity, and phone acceleration (Table 6).
Users' current cognitive factors are collected by prompting them
to choose whether any factors related to fatigue, distraction, and
temporary decrease in visual ability exist. Once users click on a
blank area of the screen, the data is sent to the backend to be stored
in the corresponding contextual dataset, which is used to train and
update the model for future recommendations.

4.1.2 Label Tree of Reading Scenario.Label the tree structure.Based
on �ndings from the formative study, we designed a hierarchical
data structure for reading context labels (�gure 6), categorized
as "[Movement/Posture] - [Environmental Scene] - [Personalized
Needs]." The system automatically determines the �rst two layers
of context labels by sensing the user's current movement state,
environment, and location. However, personalized factors (such as
visual ability, fatigue, and attention state) that represent the user's
individual conditions cannot be directly detected by the system.
For example, "Has the user's vision changed?", "Is the user feeling
fatigued?", and "Is the user focused?" are factors that are di�cult
for the system to assess automatically. Therefore, the third layer of
labels requires the user to manually indicate whether their vision,
comprehension, or attention is currently a�ected.

The hierarchy follows the order of [Movement/Posture] - [En-
vironmental Scene] - [Personalized Needs] because the �rst two
categories can be automatically detected by the system. Among
these, Movement/Posture is considered more in�uential than Envi-
ronmental Scene on reading behavior, so it is placed at the top of
the hierarchy. However, personalized needs require manual input
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Figure 4: Formative study 's �ndings inspire the system design of SituFont, which mainly include the label tree, machine
learning training, human-ai loop modules.

Data Name Unit Component and Method Frequency

Ambient Light lux Light Sensor; Direct Call 10 times/sec
Reading Distance cm Front Camera; Calculated from pupil distance 10 times/sec
Vibration O�set m/s2 Accelerometer; sensorEvent.values[0/1/2] forx/y/z axis 10 times/sec

Font Size sp Android function for size after each adjustment Recorded on upload
Font Weight px Android function for weight after each adjustment Recorded on upload
Line Spacing em Android function for spacing after each adjustment Recorded on upload

Letter Spacing em Android function for spacing after each adjustment Recorded on upload

Table 6: Environmental Sensor Data collected in SituFont

from the user and should be avoided as much as possible, which is
why it is placed as the �nal layer in the label tree.

Label Tree Functions.The Label Tree is designed to maximize the
utility of small datasets by structuring them hierarchically based on
contextual factors such as lighting conditions, user states, and task
demands. This organization ensures that each dataset retains its rel-
evance within its speci�c environment, allowing �ne-tuned models
to be applied e�ectively without requiring extensive data collection.
Moreover, the Label Tree facilitates context transfer and general-
ization, enabling the system to identify the most relevant existing
dataset when encountering a new but similar context. This reduces
redundancy and enhances adaptability, allowing small datasets to
be leveraged e�ciently across multiple scenarios. By systematically
preserving contextual distinctions and enabling knowledge trans-
fer, the Label Tree signi�cantly improves the e�ectiveness of small

datasets, making them more impactful while minimizing the need
for extensive user input or additional data collection.

4.1.3 Human-AI Loop in SituFont.When using SituFont, users
can perceive the system's current font adjustments. If the font
parameters are not optimal, they can manually adjust the font to
better suit the environment. These new adjustments, along with the
environmental data, align more closely with the user's personalized
reading needs. The Human-AI Loop accelerates data accumulation
and updates the model based on user feedback, enhancing the
system's adaptability.

4.2 SituFont System Implementation Overview
Based on the system design in Section 4.1, we then introduce the
implementation details of SituFont. We instantiated SituFont on
Android OS (end-user side) and a server (cloud side), as shown in
Figure 7. The SituFont system includes the context sensing module
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Figure 5: The user interface of SituFont involves three key interactions: (1) Entering the System � the user con�rms or adjusts
the detected reading context; (2) Selecting In�uence Factors � the user speci�es factors a�ecting readability, such as fatigue or
distraction; and (3) Adjusting Text Parameters � the user re�nes font size, line spacing, thickness, and word spacing through
swipe gestures for a personalized reading experience.

Figure 6: The left part of the �gure describes a three-layer labeling system used to mark situations, where the priority decreases
from top to bottom when constructing the label tree. The right part of the �gure presents an example of a label tree, where the
solid lines indicate the process of detecting situational label combinations.

(Section 4.2.1), font adaptation user interface (Section 4.2.2), the ML
pipeline (Section 4.2.3), and label tree module (Section 4.2.4).

4.2.1 Context Sensing.The contextual detection system has two
key components: context recognition for con�rming labels and
input for the font adjustment model.

For context recognition and label con�rmation, the system uti-
lizes several data sources. It determines location based on GPS POI
data and visual input from the rear camera using Vision-Language
Models (GPT-4o2). Additionally, it assesses the user's movement
state by analyzing 3-axis vibration data through a pre-trained
machine-learning model designed to recognize speci�c movements.
Furthermore, by leveraging Large Language Models (GPT-3.5Turbo3),

2https://openai.com/index/hello-gpt-4o/
3https://openai.com/index/gpt-3-5-turbo-�ne-tuning-and-api-updates/

users can actively describe or modify the current recognized con-
text by typing or using voice input, allowing for more accurate or
personalized adjustments to the detected environment.

The font adjustment model relies on various sensor inputs to
optimize the reading experience. It monitors ambient light intensity
using the mobile phone's light sensor and takes into account 3-axis
vibration data collected from the mobile phone's accelerometer sen-
sor. The user's reading distance refers to the distance between their
eyes and the screen. To calculate this, MediaPipe's face recognition
functionality is utilized [47], speci�cally leveraging the face land-
marks to determine the proportion of the eyes in the image, which
is then converted into the actual reading distance by factoring in
the user's real interpupillary distance (IPD) before detection. A
similar method is used in AngleSizer to detect the distance between
two hands [34].
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Figure 7: System architecture of SituFont, showing the �ow of information from sensors to the adaptation module.

4.2.2 Adaptive User Interface.As described in Section 4.1.1 and
illustrated in Figure 5, the controls to adjust the text parameters
are developed in native Android, allowing dynamic adjustment of
the font parameters based on environmental context.

SituFont's adaptive user interface is designed to balance automa-
tion with user control. The system begins with a stable and familiar
typographic presentation [105], which serves as an initial reference
point rather than an assumed optimal con�guration. By default,
the interface displays black text on a white background, with a font
size of20sp, a font weight of400(regular), a line spacing of1.1
em, and a letter spacing of0.03 em. These values were selected
based on prior work on mobile legibility and established guide-
lines for Chinese text layout [30, 31, 103]. These parameters do not
change automatically. Instead, typographic adaptation is initiated
by the user through a long-press gesture, which triggers the Font
Adjustment Model to generate context-sensitive recommendations.
A brief vibration con�rms the activation, after which the suggested
font parameters are applied. This interaction design ensures that
adaptation occurs at moments chosen by the user, reducing unin-
tended disruptions while allowing the system to respond e�ectively
to changing reading conditions.

During operation, environmental parameters such as ambient
light, reading distance, and device acceleration are continuously
sampled at a rate of 5Hz (every 200 milliseconds), but the font
remains unchanged unless a long-press gesture is detected. Once
triggered, the model infers a new set of font parameters, including
size, weight, line spacing, and letter spacing, that are then applied to
theTextViewin real time using Android's native UI methods. These
changes are applied instantly, ensuring a smooth and responsive
user experience.

This user-initiated, context-aware adjustment strategy o�ers a
balance between automation and user control. It prevents intrusive
or unnecessary UI changes while allowing the system to optimize
readability. Such a design also enhances reproducibility: the adap-
tation logic is simple to implement with access to environmental

sensors and can be replicated using either rule-based logic or ML-
based inference, as detailed in Sections 4.2.3 and 4.2.4.

4.2.3 ML Pipeline.Since SituFont utilizes a simple Regression Ma-
chine Learning model with a small amount of �t data, the delay for
both training and inference is negligible. The data for training and
inference is collected directly on the user's Android mobile phone.
Once transmitted to the cloud backend, the model is typically up-
dated or the inference results are returned to the front end within
2 seconds, allowing for prompt font parameter adjustments.

4.2.4 Label Tree Implementation.The implementation of the Label
Tree consists of two main components: Label Generation and La-
bel Selection. After gathering the context information outlined in
Section 4.2.1, the system �rst uses an LLM to select the most appro-
priate label from the existing labels stored in the cloud database. If
no suitable label is found, or the selected label does not match the
user's current context, the system generates a new label based on
the Label Tree Structure described in Section 4.1.2 and the newly
provided context information. Once the user con�rms the newly
generated label, it is stored in the user's cloud database for future
use. The prompts used in Label Generation and Label Selection are
listed in Appendix C.

5 User study
To evaluate SituFont's impact on reading performance and user
experience compared to a traditional reading interface that requires
manual font adjustments, we conducted a within-subject study with
12 participants under eight simulated SVI scenarios. The study con-
sisted of three phases: (1) a pre-test establishing baseline reading
performance under eight SVI conditions, (2) a four-day adaptation
period using SituFont, and (3) experimental reading tasks compar-
ing SituFont and a traditional reading interface under identical
conditions (Figure 8).

The user study aimed to address two research questions:
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RQ1:Does SituFont improve reading performance compared to
traditional displays under varying SVI conditions?

RQ2: How do users perceive SituFont's workload and overall
experience compared to traditional displays?

5.1 Participants and Apparatus
Participants were recruited via public social media posts. 12 par-
ticipants took part in the study (5 male, 6 female, 1 non-binary,
" = 22”3, (� = 4”1, age range = 18 to 34). All participants were
native Mandarin Chinese speakers. Participants reported using a
variety of devices for reading, including smartphones (= = 12),
tablets (= = 6), and laptops (= = 7). Daily sustained reading time on
smartphones, meaning the reading of longer and more cognitively
demanding passages that require comprehension and focused en-
gagement, ranged from 10 minutes to over 2 hours. Ten participants
reported wearing corrective lenses. One participant reported dif-
�culty reading standard-sized text on mobile screens due to eye
strain, while another reported general eye fatigue. All participants
provided written informed consent.

All pre-test and experimental sessions used a HUAWEI P40 (6.1-
inch screen, 2340Ö1080 resolution) standard Android phone to en-
sure consistency. During the adaptation period, participants used
either their own Android devices or the provided Android phone.

5.2 Design
The overall study design is shown in Fig. 8 and consists of three
phases: a pre-test, a four-day adaptation period, and a compar-
ative experiment, allowing us to examine SituFont's advantages
over a traditional reading interface after substantial adaptation.
The pre-test serves as a baseline for task completion under the
traditional interface, enabling us to assess whether participants
exhibit learning e�ects on the reading tasks themselves by com-
paring traditional-interface performance between the pre-test and
post-test. The primary comparison of interest, however, is between
SituFont and the traditional interface in the �nal phase. All con-
trolled experiments, including the pre-test and both settings of
the comparative experiment, were conducted under the eight SVI
conditions. In each condition, participants completed two tasks:
a read-aloud task and a reading comprehension task. Below, we
describe the experimental conditions, corpus, tasks, and baseline
con�guration.

5.2.1 Conditions.Guided by prior literature on SVIs [56, 91, 92]
and insights from our formative study, we selected eight experimen-
tal conditions (Table 7, Figure 9) to balance ecological validity with
feasibility. We prioritized four primary SVI factors: intense bright-
ness, high vibration, distraction, and fatigue, all frequently cited as
impactful in mobile reading contexts. Intense brightness and high
vibration were especially disruptive, often occurring outdoors (e.g.,
reading in sunlight or while moving), while distraction and fatigue
were more relevant to indoor settings or prolonged use. Testing all
16 possible combinations was impractical due to participant bur-
den, so we selected a representative subset that re�ected the most
common and realistic scenarios. For example,Intense Brightness +
High Vibration + Distractionsimulates running in crowded outdoor
spaces, andIntense Brightness + High Vibration + Fatiguemirrors the

compounded strain of outdoor exercise. Scenarios lacking bright-
ness or vibration were excluded, as the formative study indicated
they were less frequent and less disruptive in real-world use.

5.2.2 Tasks and Corpus.All experimental sessions involved two
tasks: a read-aloud task and a reading comprehension task. The
read-aloud task required participants to read the entire passage
aloud at a natural and comfortable pace. The reading comprehen-
sion task required participants to complete �ve multiple-choice
questions designed to assess their understanding of the passage
content. Participants completed these comprehension questions at
a natural, self-paced rhythm without time constraints.

Each condition used two 50-character passages sourced from
the HSK Level 5 examination. Although originally designed for
advanced non-native learners, HSK Level 5 provides standardized
Chinese passages of medium to high di�culty that remain appro-
priate for native speakers [70, 111]. The HSK corpus also includes
prede�ned multiple-choice comprehension questions, ensuring con-
sistent di�culty and minimizing memorization bias [42].

5.2.3 Baseline.To evaluate the e�ectiveness of SituFont, we se-
lected a competitive and realistic baseline: a manually adjustable
reading interface that matches SituFont in both interface elements
and parameter degrees of freedom. This baseline operates as fol-
lows. Before each reading task, under a speci�c SVI condition,
participants were allowed unlimited time to freely adjust all font
parameters under the template corpus until they reached what
they perceived as the optimal static con�guration.Adjustment
time was not counted as part of the task, and no further
adjustments were allowed once reading began.

We argue that such a baseline setting is fair and non-trivial. First,
using a �xed-layout baseline would be too weak, as it would sub-
stantially underestimate the upper bound of manual optimization
and may introduce avoidable readability issues and unfairness for
di�erent SVI scenarios, thereby exaggerating the advantages of
SituFont. Second, allowing participants to tune the interface before
each task yields a near-optimal static layout for the given scenario.
This enables two meaningful comparisons: whether SituFont's pre-
dicted parameters approach this near-optimal con�guration, and
whether SituFont's ability to adapt dynamically to changing condi-
tions provides additional bene�ts beyond what static optimization
can achieve. Third, this baseline re�ects a fair and realistic usage
pattern. In everyday reading, users typically adjust settings before
reading rather than during the act of reading itself. By excluding
adjustment time from task completion and keeping the reading
process identical across conditions, we ensure that SituFont and
the baseline di�er only in their adaptation mechanisms rather than
other operational interferences.

5.3 Procedures
5.3.1 Pre-test.Before the adaptation period, participants com-
pleted a baseline reading pre-test using a traditional mobile reading
interface with manual font control, across eight SVI conditions
(Table 7). Comprehension was assessed using �ve HSK-de�ned
multiple-choice questions per passage, with accuracy calculated
as the percentage of correct responses. Reading performance was
measured via goodput (characters per minute, CPM), de�ned as




	Abstract
	1 Introduction
	2 Related Work
	2.1 Situational Visual Impairments and Mitigation Strategies
	2.2 Font Characteristics and Mobile Phone Text Legibility
	2.3 Just-in-time Adaptive Interventions with Human in the Loop

	3 Formative study
	3.1 Study 1: Contexts, Factors, and Coping Strategies
	3.2 Study 2: Modeling Key Factors for Adaptation
	3.3 Design Implications

	4 SituFont System Design and Implementation
	4.1 SituFont System Design Overview
	4.2 SituFont System Implementation Overview

	5 User study
	5.1 Participants and Apparatus
	5.2 Design
	5.3 Procedures
	5.4 Measures

	6 Result
	6.1 Reading Goodput
	6.2 Reading Comprehension
	6.3 Perceived Workload
	6.4 User Experience and Preferences

	7 Discussion and Limitation
	7.1 Design Considerations for SVIs Intervention
	7.2 Implications on SituFont towards the JITAI Paradigm
	7.3 Ethical Considerations
	7.4 Limitations and Future Work

	8 Conclusion
	Acknowledgments
	References
	A Study 1 Interview Participant Demographics and Interview Protocol
	B Study 2 Experimental System and Equipment
	C Label Tree Prompt
	C.1 Context Label Generation & Selection
	C.2 Prompt for Editing Label

	D User Study Questionnaires and Interview Protocol
	D.1 Pre-test Demographic and Vision Questionnaire
	D.2 Daily Survey during Adaptation Period
	D.3 Post-Test Semi-Structured Interview Protocol


