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ABSTRAK

Visual comfort is a critical component of indoor environmental quality in schools, where lighting
conditions influence visual performance, attention, and perceived well-being. In dense urban
fabrics and semi-arid climates, classrooms often face a dual constraint: limited effective daylight
use due to glare, privacy, and noise, alongside over-reliance on inadequately tuned electric
lighting. This paper proposes a structured methodological framework for assessing visual
comfort through an integrated workflow that combines field-based diagnostics (spot illuminance
measurements and photographic documentation), occupant feedback, and simulation-based
illustration using DIALux Evo. An illustrative, case-based application in public schools in Hebron
City (Palestine) demonstrates how the framework supports interpretive understanding of
recurring conditions, such as uneven illuminance distribution and potential glare-related
situations, using standards (e.g., EN 12464-1) as non-evaluative reference points. The study does
not claim performance compliance, certification, or predictive validation. It outlines how Al-
assisted decision support may be incorporated in future work to enable scalable early-stage
assessments across classroom typologies.
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1. BACKGROUND

Indoor Environmental Quality (IEQ) is a fundamental consideration in architectural design,
encompassing air quality, acoustics, thermal comfort, and visual comfort (lighting). Among these
components, visual comfort plays a particularly critical role in educational environments, where
lighting conditions directly influence students’ visual performance, attentiveness, and perceived
well-being [ 1], [2]. Adequate lighting has been shown to reduce visual fatigue while supporting
concentration and cognitive functioning, especially in spaces where occupants spend prolonged
periods, such as classrooms [3]. Consequently, the integration of natural and artificial lighting
within a balanced design framework is widely recognized as essential for achieving satisfactory
IEQ in educational buildings.

Previous studies have consistently demonstrated that lighting quality in schools affects
learning outcomes, students’ comfort, and overall well-being [4], [5]. Inadequate or poorly
distributed lighting has been associated with reduced academic performance, increased visual
strain, and long-term discomfort, including headaches and eyestrain [6], [7]. Recent research
further emphasizes the need for carefully designed lighting strategies in educational settings to
support both visual comfort and productivity, particularly through the coordinated use of daylight
and electric lighting systems
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In semi-arid regions, achieving appropriate visual comfort is further complicated by pronounced
seasonal and daily variations in daylight availability [8]. These conditions require a careful
balance between daylight utilization and artificial lighting to mitigate common problems such as
glare, excessive contrast, and uneven illuminance distribution [9]. Several studies have
highlighted that regional climatic characteristics are often insufficiently addressed in the lighting
design and evaluation of educational facilities, particularly in resource-constrained contexts
where design flexibility and maintenance capacity are limited [10].

Within the Palestinian context, many public-school buildings continue to experience
persistent visual comfort challenges due to outdated lighting systems, limited maintenance, and
constrained architectural layouts [11]. Classrooms frequently exhibit uneven illuminance
conditions and elevated glare potential, reflecting insufficient integration between natural and
artificial lighting strategies [12]. These challenges are often exacerbated by high occupancy
levels, dense urban surroundings, and economic limitations, which collectively restrict both
design interventions and systematic performance evaluation. Beyond their immediate impact on
students’ ability to focus and learn effectively, such conditions raise broader concerns regarding
long-term visual health and indoor environmental quality in educational spaces [13].

Despite the growing body of research on lighting performance and visual comfort in schools,
existing studies often rely on isolated assessment tools, such as spot measurements, user surveys,
or simulation analyses, applied independently and with varying methodological rigor [14], [15].
In contexts characterized by climatic constraints and limited resources, this fragmentation
complicates consistent diagnosis and comparison of visual comfort conditions. Accordingly, there
remains a need for a structured methodological framework that integrates complementary
assessment approaches within a coherent workflow, enabling systematic and context-sensitive
evaluation without presupposing comprehensive performance validation.

1.2 Problem Statement

Despite the recognized importance of visual comfort in supporting effective learning
environments, many educational buildings, particularly in regions with limited economic
resources and constrained infrastructure, are frequently reported in the literature as experiencing
suboptimal lighting conditions. These conditions commonly include uneven spatial distribution
of illuminance, potential glare-related situations, and insufficient coordination between natural
and artificial lighting systems. Such challenges are widely acknowledged as factors that may
adversely influence students’ visual comfort, concentration, and overall learning experience,
especially in classrooms that are intensively used throughout the day.

Existing research on visual comfort in educational spaces has largely focused on generalized
contexts or isolated performance indicators, often without sufficient consideration of local
climatic, urban, and architectural constraints. In semi-arid regions, these limitations are
particularly pronounced due to high daylight variability and dense urban surroundings, which
complicate effective daylight utilization. Consequently, lighting assessments in such contexts
frequently remain fragmented, relying either on subjective perception or isolated measurement
techniques, rather than on integrated evaluation workflows capable of supporting early-stage
diagnosis and design-oriented decision-making.

In the Palestinian context, and specifically in public schools located within dense urban areas,
additional contextual challenges, such as external noise, privacy concerns, and high occupancy
levels, further restrict the effective use of daylight. The widespread use of curtains and blinds to
mitigate these issues often increases dependence on artificial lighting. Representative classroom
conditions observed during site visits are presented in this study solely to illustrate these
contextual challenges (Figure 1); these images are not intended to provide quantitative evaluation
or performance validation.
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Figure 1. Representative examples of visual comfort challenges in selected school interiors in
Hebron City, illustrating glare, uneven illuminance distribution, and limited daylight
utilization due to urban constraints.

Accordingly, the core issue addressed in this study is not the absence of lighting data, but the
lack of a transparent and integrated methodological framework that clarifies how field-based
diagnostics, occupant feedback, and simulation-based illustration can be coherently combined to
support visual comfort assessment in educational spaces. In response to this gap, the objective of
this study is to propose a structured methodological framework that integrates these
complementary components within a coherent workflow to support early-stage diagnostic
interpretation and design-oriented decision-making. The proposed framework is illustrated
through a case-based application in public schools in Hebron City and is not intended to provide
performance validation, compliance certification, or predictive evaluation.

2. RESEARCH METHOD

This study adopts a mixed-method methodological framework designed to diagnose visual
comfort challenges in educational spaces through the integration of field-based diagnostic and
illustrative inputs. The approach is intentionally structured to support early-stage diagnostic
assessment and design-oriented interpretation, rather than to provide generalized performance
validation or compliance evaluation. By combining field-based observations, occupant feedback,
and simulation-based illustration, the framework facilitates a structured understanding of
classroom lighting conditions within their specific spatial and contextual constraints.

Field-based diagnostic inputs include spot illuminance measurements conducted in
representative learning spaces to identify spatial variations and potential lighting-related
conditions. Complementary qualitative inputs are derived from photographic documentation and
occupant feedback, which together capture perceptual aspects such as glare, contrast, and user
discomfort that may not be fully reflected through numerical descriptors alone. These
complementary inputs are treated as diagnostic evidence to support structured interpretation,
rather than as isolated or definitive performance indicators.

The overall workflow of the proposed methodology is summarized in the Research Process
Flowchart (Chart 1). The chart illustrates the sequential and iterative relationship between field-
based diagnostics, simulation-based illustration, and interpretive discussion informed by visual
comfort standards. The workflow represents a proposed methodological structure supported by
an illustrative case application and is intended to clarify the logic of method integration, rather
than to imply validation of predictive models, automated decision systems, or quantified
performance outcomes.
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Chart (1) Proposed methodological workflow for diagnostic and illustrative purposes only;
the framework does not represent a validated performance evaluation or predictive
modelling process.

2.1 Methodological Framework Design

This study adopts a framework-oriented, case-based design to illustrate the structure and
logic of the proposed methodological framework for visual comfort assessment in educational
spaces. The selected case context is used to demonstrate how different diagnostic components can
be coherently organized within a single workflow, rather than to report generalized findings or
performance validation. The framework integrates field-based diagnostics, visual documentation,
occupant feedback, and simulation-based illustration to support a contextual and practice-oriented
understanding of classroom lighting conditions.

Within the proposed framework, spot illuminance measurements using handheld lux meters
are employed as diagnostic inputs to indicate spatial variations in lighting-related conditions
within representative classroom settings. Photographic documentation complements these inputs
by visually capturing lighting distribution patterns, potential glare sources, and surface reflectance
characteristics that may influence visual comfort. In parallel, student surveys provide insight into
occupants’ perceived lighting adequacy and discomfort, offering experiential context that
supports the interpretation of observed conditions rather than constituting an independent
evaluative dataset.

Table 1 summarizes the key components of the proposed methodological framework,
clarifying the role of each diagnostic input, its primary purpose within the workflow, and the
nature of the outputs generated. The table is intended to support conceptual understanding of the
framework structure rather than to present analytical results.
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Table 1. Components of the Proposed Methodological Framework for Visual Comfort Assessment

Purpose within the Nature of
Framework Component Type of Input Framework Output
. . . Identify spatial variations and . .
Spot illuminance Field-based lichting-related conditions Diagnostic and
measurements diagnostic input ghung . interpretive
within classroom environments
Photographic Visual qualitative SIS hghtmg disieloziiion Diagnostic and
. . patterns, potential glare sources, . .
documentation input . .. illustrative
and reflective surface conditions
Occupant feedback Perceptual f;o:rlgﬁle)(p;l::?\f:g ﬁoﬁtift Interpretive and
(student surveys) qualitative input g gp ghting contextual

adequacy and discomfort
Support interpretive reading of
Digital illustrative  field diagnostics and conceptual  Illustrative and

Simulation-based

lEl:l‘l/l:)t ration (DIALux input exploration of lighting exploratory
configurations
Reference to visual Normative Inform interpretive discussion Non-evaluative
comfort standards (e.g., . . . .
reference without compliance verification  reference

EN 12464-1)

Simulation using DIALux Evo is incorporated as a simulation-based illustrative component
within the framework to demonstrate how digital modelling can assist in the interpretive reading
of field diagnostics and support conceptual exploration of classroom lighting configurations.
Simulation outputs are referenced in relation to established visual comfort standards, such as EN
12464-1, solely as interpretive benchmarks rather than as criteria for compliance verification or
predictive validation. Any extension toward automated assessment, predictive modelling, or Al-
assisted decision support is explicitly positioned outside the scope of the present study and
identified as a direction for future research.

2.2 Case Study Selection (Schools)

The selection of schools was guided by a purposive, case-based approach aligned with the
methodological and illustrative scope of this study. Rather than aiming for statistical
representativeness, the selection focused on identifying educational buildings that reflect
commonly reported lighting challenges in dense urban and semi-arid contexts, as documented in
both professional practice and relevant literature.

Several criteria informed the selection process. Geographic and climatic considerations were
prioritized to capture contextual factors influencing daylight availability and visual comfort. In
addition, schools representing both modern and traditional architectural configurations were
included to illustrate how variations in spatial layout, window design, and construction
characteristics are relevant to the diagnostic interpretation of classroom lighting conditions within
the proposed framework. Practical considerations related to site accessibility and permission for
fieldwork also guided the selection, ensuring that illustrative data could be collected within the
logistical constraints of the study.

Accordingly, the selected schools are intended to function as illustrative case examples for
demonstrating the application of the proposed methodological framework, rather than as a
statistically exhaustive or representative sample of educational buildings in the region. The
selection strategy supports methodological clarification and contextual understanding, without
implying generalization of findings beyond the scope of the framework illustration.

2.3 Data Collection

2.3.1 Field Measurements: Within the proposed methodological framework, field
measurements are employed as a diagnostic component to support the identification of
lighting-related conditions in educational spaces. Measurements were carried out during
typical school hours, covering both morning and afternoon periods, in order to capture
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temporal variation in daylight and electric lighting conditions. Spot illuminance levels
were recorded using a handheld digital lux meter (UNI-T UT383, UNI-TREND
Technology), with measurement points positioned at desk level (0.80 m) to correspond to
students’ primary visual tasks.

Measurement locations were selected at representative positions within classrooms,
corridors, and selected common areas to indicate spatial variation in lighting conditions
and to highlight areas of potential visual discomfort. Rather than constituting a
comprehensive performance evaluation, the resulting measurements were treated as
baseline diagnostic inputs to support interpretive understanding of lighting conditions and
to inform subsequent qualitative interpretation and simulation-based illustration within
the framework. The measuring instrument used during the field survey is shown in
Figure2.

Figure 2. Handheld digital lux meter (UNI-T UT383) used for spot
illuminance measurements during the field survey.

Photographic Documentation: Within the proposed methodological framework,
photographic documentation was employed as a qualitative diagnostic input to visually
characterize lighting-related conditions and to support the interpretation of field-based
observations. High-resolution photographs were collected in all observed spaces to
capture spatial distribution of light, potential glare sources, and contrast conditions that
may not be fully represented through spot illuminance descriptors alone.

Particular attention was given to window openings, artificial lighting fixtures, and

reflective surfaces such as desks and whiteboards, as these elements are commonly
associated with visual discomfort in classroom environments. The photographic records
were used to complement field-based diagnostic inputs and to inform subsequent
interpretive discussion and simulation-based illustration, rather than to serve as
standalone evidence of lighting performance.

Student Surveys: Student surveys were administered as a perceptual input within the
methodological framework to capture occupants’ subjective experiences of visual
comfort and to complement field-based diagnostic observations. The surveys addressed
perceived glare, adequacy of natural and artificial lighting, and overall satisfaction with
classroom lighting conditions, providing contextual insights that cannot be derived from
physical measurements alone.

The survey instrument consisted of a limited number of structured questions,
supplemented by optional open-ended responses that allowed students to describe
specific sources of discomfort or preference. Survey responses were treated as supportive
qualitative input to aid interpretive understanding of observed lighting conditions, rather
than as an independent evaluative or statistically representative dataset.

2.4 Simulation-Based Illustration

Within the proposed methodological framework, lighting conditions in selected classrooms
were digitally represented using DIALux Evo as a simulation-based illustrative component. The
purpose of this stage is to provide a conceptual and interpretive complement to field-based
diagnostics, rather than to validate predictive models or certify lighting performance.
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The simulation models were used to illustrate representative daylight availability patterns,
artificial lighting distributions, and potential glare-related situations under typical classroom
configurations. Simulation outputs were interpreted with reference to established visual comfort
standards, such as EN 12464-1, solely as interpretive benchmarks to support structured
discussion, rather than as a basis for diagnostic comparison or compliance verification.

Within the scope of the present study, simulation outputs are treated as decision-support
representations that enhance interpretive understanding of observed lighting conditions and
enable conceptual exploration of alternative configurations. Any extension toward automated
assessment, predictive modelling, or machine learning—based evaluation is explicitly positioned
outside the scope of this paper and is identified as a direction for future research.

3. RESULTS AND DISCUSSION (Case-based Diagnostic Observations)

This section presents illustrative diagnostic observations used to demonstrate the application
of the proposed methodological framework. The observations integrate field-based diagnostics,
photographic documentation, and occupant feedback to support interpretive understanding of
visual comfort conditions, rather than to report generalized findings or performance outcomes.

3.1 Urban Context and Constraints on Daylight Utilization

In the illustrative school contexts examined, many classrooms are situated within dense
urban surroundings where external noise and privacy considerations influence everyday lighting
practices. In such settings, window blinds and curtains are often kept closed during school hours,
which may limit effective daylight utilization and increase reliance on artificial lighting.

Within the proposed framework, these conditions are interpreted as context-related
constraints rather than isolated design deficiencies. They reflect broader challenges associated
with urban density, building proximity, and restricted fagade control. Accordingly, these
contextual factors are treated as diagnostic indicators that inform interpretive discussion of visual
comfort conditions within the framework.

3.2 Illustrative Illuminance Patterns

Field-based diagnostic measurements indicated noticeable spatial variation in lighting-
related conditions across classrooms and circulation areas. In several instances, reduced daylight
contribution was associated with the frequent use of shading devices in response to external
disturbances, resulting in increased dependence on electric lighting during occupied hours.

When shading devices were partially opened, areas closer to fagade openings tended to
exhibit higher illuminance levels during peak daylight periods, while deeper zones within the
same spaces received comparatively lower light levels. Within the framework, such spatial
contrasts are interpreted as diagnostic patterns indicative of imbalances between daylight
penetration and interior lighting distribution, rather than as definitive performance evaluations
(Figure 3).

Pl

Figure 3. Representative lighting conditions observed in a classroom and a
circulation corridor, illustrating spatial variations in illuminance and reliance on
artificial lighting.

3.3 Glare-Related Situations and Photographic Illustration

Photographic documentation illustrated recurring glare-related situations in several
classrooms, particularly in cases where direct sunlight entered through door openings or window
facades and interacted with reflective interior surfaces such as whiteboards and desks. In some
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instances, the configuration and placement of artificial lighting fixtures further contributed to
localized bright zones within the visual field.

Within the scope of the framework, these photographic records are treated as qualitative
diagnostic inputs that complement field-based observations and support interpretive
understanding of potential visual discomfort situations, rather than as evidence of quantified glare
performance (Figure 4).

Figure 4. Representative glare conditions observed in classrooms: direct sunlight
entering through door openings, and glare on instructional surfaces caused by window
openings and partially closed blinds.

3.4 Student Perceptions of Lighting Conditions

Qualitative feedback obtained through student surveys provided contextual insight into
occupants’ experiences of classroom lighting conditions. Students frequently described
discomfort related to glare near openings and instructional surfaces, as well as reduced lighting
adequacy in areas located farther from daylight sources.

These perceptions are not presented as statistically representative findings. Instead, they are
treated as complementary qualitative inputs that assist in relating observed lighting-related
patterns to user-experienced visual comfort concerns within the illustrative case contexts.

3.5 Methodological Implications of the Diagnostic Observations

The illustrative diagnostic observations demonstrate how integrating field-based
diagnostics, photographic documentation, and occupant feedback within a structured workflow
can support a more holistic understanding of visual comfort conditions in educational spaces.
Context-dependent challenges—such as uneven daylight distribution and glare-related
situations—are interpreted within the framework as outcomes of urban constraints, facade
limitations, and user-driven shading practices, rather than as isolated design shortcomings.

Rather than providing definitive performance judgments, the proposed methodological
framework highlights how structured diagnostic workflows can support early-stage assessment
and post-occupancy interpretation. By combining on-site diagnostics with simulation-based
illustration, the framework offers a transparent basis for identifying aspects that warrant further
design consideration while accounting for contextual constraints typical of dense urban school
environments.

3.6 Future Development of the Proposed Framework

Future research may extend the proposed methodological framework by applying it to a
broader range of educational building typologies and climatic contexts. Additional development
could involve more detailed digital classroom representations to support expanded simulation-
based illustration and sensitivity exploration using tools such as DIALux Evo.

Further extensions may also investigate the integration of Al-assisted decision-support
approaches to facilitate early-stage evaluation across multiple design alternatives. Such
developments are explicitly positioned as future research directions and do not form part of the
current methodological illustration. Figure 5 presents an example of a digital classroom
representation intended solely to illustrate the type of simulation environment that could support
future extensions of the proposed framework.
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Figure 5. Illustrative digital classroom model developed using DIALux Evo to
demonstrate potential future simulation environments supporting the proposed
methodological framework.

4. CONCLUSION AND FUTURE DIRECTIONS

This paper presented a structured methodological framework for diagnosing visual comfort
conditions in educational spaces through the integrated use of field-based diagnostics,
photographic documentation, occupant feedback, and simulation-based illustration. Through an
illustrative, case-based application in public schools in Hebron City, the study clarified how such
an integrated workflow can be used to support interpretive understanding of recurring visual
comfort situations, such as uneven illuminance distribution and glare-related conditions, within
dense urban and semi-arid contexts.

Rather than offering generalized performance validation or predictive evaluation, the
primary contribution of this work lies in articulating how diverse diagnostic inputs can be
systematically organized within a transparent and context-sensitive methodological structure. The
proposed framework is intended to support early-stage assessment and design-oriented
interpretation of lighting conditions, particularly in educational environments shaped by climatic
constraints, urban density, and limited resources.

Several limitations should be acknowledged. The framework is illustrated through a limited
number of case contexts and is not intended to produce statistically representative, comparative,
or predictive outcomes. Simulation-based representations are employed solely to support
interpretive discussion rather than to certify compliance with standards or to optimize lighting
designs. These limitations reflect the intentional methodological focus of the study.

Future research may extend the proposed framework by applying it to a broader range of
educational building typologies and climatic regions. Additional development could explore the
integration of Al-assisted decision-support approaches to enhance scalability during early design
and diagnostic stages. Such extensions are envisioned as future research directions and do not
form part of the current methodological contribution.
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