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Abstract:

This paper analyzes literature on user movement in libraries within the context of daylighting studies, highlighting its significance for library
design in relation to daylighting. The objective is to analyze how library user movement has been addressed in daylighting research. The
methodology involves a review of literature utilizing the Scopus and Web of Science (WOS) databases focusing on 'library' and 'daylight'. It
identifies four main categories of user movement in daylighting studies: User Experience and Spatial Utilization, Dynamic User Positions and
Spatial Locations, Walking and Transition, and Occupation Over Time. This approach enhances the understanding of user dynamics in libraries,
informing design strategies to optimize user experience. The relationship between user movement and daylighting includes parameters like
spatial utilization, dynamic positions, walking patterns, and temporal occupation. It identifies a research gap: insufficient studies on physical
interactions with daylighting elements and their potential disruptive effects within libraries. The study concludes by defining library user
movement in daylighting studies, identifying spatial exploration, user location choices, movement of others, and temporal movement evolution,
impacting user satisfaction, visual comfort, and interactions within library spaces.
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1. Introduction

Over time, libraries have continuously evolved, adapting to
changing societal roles, current trends and styles in architecture,
and user needs (Fig. 1). As a result, both daylight and the
movement of people within library spaces have grown in
significance, directly influencing how users interact with their
environment. Moreover, the user in the built space is affected by
multiple variables and stimuli that shape their spatial experience.
Among these factors, one significant variable is the dynamic
impact of sunlight within the built space.

Libraries are sometimes compared to “cathedrals. “shopping
malls. or “casinos” [2] because they have this duty to invite
people to come in, move around, and motivate them to return.
This inviting nature of libraries is further enhanced by
architectural elements, such as the use of light, which can draw
people in and guide their movement. This idea is reflected in
places that “physically connect with light and recall pedestrian
movement in a shopping mall” [3] (Fig. 2). Each of these spaces
— cathedrals, stores, and libraries — possesses distinct
characteristics that shape the unique patterns of movement and
interaction within them. In libraries, this takes the form of four
stages: scanning, selecting, borrowing/purchasing, and reading
materials [4] during the browsing experience.

There are research endeavors to identify different types of
users in a library. For example, focusing on the browsing activity

McKay et al. [5] in their research recognized 6 different types of
users in a library according to the browsing type in terms of
serendipity, information need, search, and book availability;
These users could be identified as Grab-and-go, Satisficing,
Opportunistic browsing, Search seeding, Location seeding, and
Wandering users. However, a distinct methodological approach
appears requisite for identification of the types of user
movements during daylight hours and by consideration of
daylighting literature.

In other words, the exploration of user types and space usage
patterns within libraries provides valuable insights for enhancing
the design and layout of these environments. However, to better
understand the role of library space, especially one that relates to
both user movement patterns and daylighting, more research is
needed.

Building on efforts to categorize library user behaviors, such
as those by McKay et al. [5], this study focuses on understanding
how user movement is defined in daylight-related architectural
research. To achieve this, it is crucial to first explore how 'user
movement' has been addressed in studies linking 'library' and
‘daylighting.' This review categorizes various interpretations and
applications of user movement within the context of daylighting
in architecture, offering insights into the relationship between
spatial experience and natural light in libraries. Accordingly, the
review seeks to answer the following key question: How is
library user movement defined in daylight-related research?
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800 AD 11th century 18th century
Emergence of the Library as Place of Study Emergence of the Public Library
Freestanding Library

After the establishment of the Circulating and lending libraries

The monastery of St. Gall marks a
turn in the structural organization
of the libraries. Itis one of the first
freestanding library buildings
(Lushington et al., 2019, P. 23).

emerged that allowed accessibility to
all. National library as a new building
type also emerged with the first case
in Britain in 1753 (Lushington et al.,
2019, P. 120).

first universities, the purpose
of library shifted from a mere
archive or collection to a space
for study. (Lushington et al.,
2019, P. 23).
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1930s - 1940s 1950s - 1970s 2000s - 2020s

Open-Stack Library ‘Living Room’ of the City Pluralism of the Roles & Identity
for the Library

This trend endowed the library

The addition of familiar domestic
objects, a café, and diverse
rooms for various age groups and
media transformed the library,
shifting it from its formal 20th-
century appearance. (Lushington
etal., 2019, P. 11).

with more ‘functionality’ and
‘accessibility’ later outlined by
the American Library Association
in 1948 (Lushington et al., 2019,
P.11).
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Fig. 1. Timeline of library development highlighting periods where daylight and user movement could have influenced design (Source: Authors
adapted from Lushington et al. 2019) Source: [1]. (Source of images: Authors)

Completed in 2004, the central Seattle
library symbolized evolution of the library
in the 21! century (Lushington et al.,
2019, P. 12) using architecture as a tool to
create identity.

>________________
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Fig. 2. Det Kongelige Bibliotek in Copenhagen by Schmidt Hammer Lassen Architects (a). Starfield Library, Seoul by Gensler (b). Library
of the Krzysztof Kieslowski Film School in Katowice by firma BAAS Architecture & Design (c). ImaginOn: The Joe & Joan
Martin Center in Charlotte by Gantt Huberman Architects and Holzman Moss Bottino Architecture (d). Source of images: authors
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Aiming to group and provide a structured framework for
further study, focusing on understanding library user movement
in relation to daylighting, the objectives of this review are:

1. Review of the existing literature, including the keywords

of ‘library’ and ‘movement’, and categorization of the
interpretations of user movement:
To categorize how different studies define and analyze
user movement concerning daylighting in libraries,
focusing on the impact of natural light on movement
patterns.

2. Examination of the user movement and daylighting:

To explore how user movement is addressed in studies
linking libraries and daylighting, examining the interplay
between movement, natural light, and architectural
design.

1.1. Definitions

e User behavior: The patterns of human activity, including
desires, motivations, and feelings, that both shape and are
shaped by the built environment [76]. In this study, user
behavior refers to goal-oriented or exploratory strategies
that library users adopt, which are inferred through
observable movement patterns within the library space.

o Library user: A library user or visitor who engages with
the library's resources and services. Users may scan,
select, borrow, purchase, or read materials during their
browsing, working, or studying experience within the
library.

e Movement: Movement refers to the dynamic interactions
and physical activity of library users within a space. In the
context of this review, it involves the locations, patterns,
and pathways library users take as they navigate and

interact with the library environment, particularly how
these patterns are influenced by daylighting.

e Daylighting: The use of natural light to illuminate the
interior of a building, affecting both the visual and spatial
experience of users.

In this paper, the terms user behavior and user movement are
closely related but not interchangeable. User behaviors refer to
the underlying intent or browsing strategy of library users, while
user movement describes the observable spatial behaviors
through which these behaviors could be expressed.

2. Review methodology

The methodology of this study consists of a structured
literature review conducted using the Web of Science (WoS) and
Scopus databases. These databases were selected for their broad,
interdisciplinary coverage of peer-reviewed research in
architecture, engineering, and related fields. The review was
conducted in two phases and included all records indexed in both
databases up to January 2025 (Fig. 3).

In the first phase that was Identification and Initial Filtering,
a comprehensive search was performed using the primary
keywords “daylight” (including daylighting) and “library.
applied across both databases. This initial search yielded 266
records in total. To refine the results, built-in database filters
were applied. In Scopus, the search was restricted to TITLE-
ABS-KEY, while in WoS the Topic field was used. This
refinement reduced the dataset to 106 records. The retrieved
studies spanned multiple disciplinary categories, including
Architecture, Art, and Urban Studies (WoS) and Engineering,
Energy, Social Sciences, Arts and Humanities, and Psychology
(Scopus).

Keywords

* Daylight
e Library

145 results in the Scopus database and 121 results in
WOS are available covering all subject areas and
categories [until January 2025].

AND
Phase 1: )

Subject,
Topic, and

Keywords
"PSYC"))

UOIJ3}14D Y24eas

(94 results)

Search Strategy (Scopus):
TITLE-ABS-KEY ( library AND daylight
( LIMIT-TO ( SUBJAREA ,
"ENGI" ) OR LIMIT-TO ( SUBJAREA ,
"ENER") OR LIMIT-TO ( SUBJAREA ,
"SOCI" ) OR LIMIT-TO ( SUBJAREA ,
"ARTS" ) OR LIMIT-TO ( SUBJAREA ,

Search Strategy (WOS):
library AND daylight (Topic) and
Architecture or Art or Urban Studies (Web
of Science Categories)

(12 results)

Phase 2:
Criteria for selection:

uo1I3}140 Aduens|ay

® Excluded

Selected ® Excluded Selected

1. Publication in English language published in a peer-reviewed journal, a peer-
reviewed conference paper, a Ph.D. thesis, or as a book edited by a scientific
publisher with no limit for the year of publication across the selected databases;
2. Explicitly addressing library, daylight or daylighting, and user movement (any
form of physical interaction with space or interior objects) in the topic.

Fig. 3. The search strategy of the review. Source: authors
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In the second phase (screening), the titles, abstracts, and
keywords of the 106 records were screened in detail according to
the predefined inclusion and exclusion criteria (see Fig. 3).
Studies were included only if they explicitly addressed user
movement in relation to daylight within library buildings. Papers
that focused solely on daylighting performance without reference
to movement, or on movement without daylight considerations,
were excluded.

Following this screening process, 10 studies met all inclusion
criteria and were selected for in-depth qualitative analysis. The
selected studies were systematically analyzed and coded to
identify how movement was conceptualized and investigated in
relation to daylight. The extracted data were synthesized into
thematic categories, enabling the identification of patterns,
research emphases, and gaps in the literature.

This study aims to classify research studies into distinct
categories. To achieve this, an initial analysis was conducted
(refer to Annex 1), identifying six categories. However, research
on library buildings reveals that only four of these categories
have been explored. These four main categories originate from a
broader analysis encompassing various building types and
focusing on movement in daylight research (Annex 1). Table 1

depicts the coding process for grouping the studies. This
categorization is based on thematic convergence observed during
the analysis of the selected studies in this paper and Annex 1,
ensuring alignment with the key focus areas of existing research
and providing a structured framework for further review. The
criteria for grouping the studies, based on the relationship
between movement, space, and daylight, are as follows:

e Similarity or unigueness in terminology (General
criterion): Categorizing studies based on linguistic or
terminological similarities used to describe various types
of movement or interactions.

¢ [ntention of movement: Grouping studies according to the
purpose or goal behind the movement, such as whether it
is driven by necessity, the choice of a specific destination,
or simply exploration.

e Scale and time of movement: Categorizing based on the
spatial scale (e.g., individual movement within a specific
area versus group movement spanning larger spaces or
zones) and the temporal aspect (e.g., immediate
movement as short-term actions versus prolonged
movement as long-term or continuous behavior).

Table 1. Category coding. Source: authors

Category Scope

Inclusion

Exclusion

1. User Experience and How daylight influences spatial

o Perceived spatial quality related to

Seating/location decisions

Spatial Utilization experience, perceived comfort, daylight (Cat. 2)
spatial efficiency, and integration e How users use or navigate spaces based
of daylight with activities and on daylight

movement °

behavioral and activity patterns

influenced by daylight

2. Occupants’ Positions
and Choice of Spatial

Where people choose to sit, .
stand, work, or position

Seat/desk choice and window proximity e
e Attraction/avoidance patterns .

Circulation/movement (Cat. 3)
Temporal occupancy cycles

Locations themselves in relation to daylight o Spatial clustering linked to illuminance (Cat. 4)
3. Walking and Transition Movement flows within or e Circulation in Pedestrian pathways, e Static seating/location
between indoor/outdoor spaces corridors and transitional zones behavior (Cat. 2)

where daylight affects navigation, e
transitions, or circadian responses

Daylight as a cue for .
navigation/orientation

Longitudinal occupancy or
temporal usage patterns (Cat.

e Perceptual or visual transitions along 4)
daylighted paths

4. Occupation Over Time  Temporal patterns of occupancy, e Duration of occupancy ¢ Single-moment seating
includ.ing duratio_n, freqqency, e Time-of-day patterns choices (Cat. 2)
and alignment with daylight e Longitudinal occupancy trends e Transitional movement (Cat.
cycles e Circadian alignment 3)

5. Physical Interaction Physical manipulation or e Manual control of blinds/shades e Comfort or perception without

adjustment of daylighting
systems and other adaptive .
behaviors responding to daylight

Lighting on/off switching
Adjustment of activities to daylight
conditions

physical interaction (Cat. 1)

o Adaptive/stochastic user behavior
related to light use

6. Disruptive User—Space Behaviors where daylight or .

Occupant escape/migration due to o

Normal or adaptive manual

Interaction thermal/light conditions trigger lighting discomfort control (Cat. 5)
disruptive reactions, maladaptive e Delayed manual control leading to ¢ Intentional, comfortable
responses, escape/migration, or discomfort transitions (Cat. 3)
indirect physiological shifts e User interaction with lighting/cooling e Regular seating adjustments
systems in response to discomfort (Cat. 2)
e Disruptive or abrupt movement patterns
3. Results papers were chosen for in-depth analysis. These papers met the

After reviewing the titles, abstracts, keywords, methodology,
and conclusions of all selected papers in Phase 1 (see Fig. 3), 10

selection criteria outlined in Phase 2 (see Fig. 3).
According to the analysis of the reviewed studies, these ten
research elements can be categorized into the following four
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general categories in the next subsections. These four main
categories stem from a broader analysis covering all building
types that link the study of movement in daylight studies (refer

to Annex 1). The research sample studied could be listed in the
table below (Table 2).

Table 2. The analysis of the samples Source: authors

Reference Spatial Characters Under Elements related to

Methods related to

Elements related to

Methods related to

Study daylight daylight movement description movement
[12] Study areas; Window location; Solar  Direct observation and Users' physical behavior; Literature review;
Furniture arrangement;  gain; Indirect daylight description; Table selection; User Questionnaire
Spatial orientation; Questionnaire; activity; Use of study
Interior materials and Photography; Schematic area
objects simulation
[6] Dark and light areas; Visiting experience; Experiment: participants Visiting experience; Experiment: participants
Library interior Lighting experience to  entering and walking Lighting experience to  entering and walking
attract users; User through the space attract users; User through the space
attractors attractors
[8] Glass curtain; walls - Daylight Simulation Spatial experience -
[13] Shading systems - Daylight Simulation User position in the -
room
[10] Daylit and non-daylit - Questionnaire; Seat selection Seat selection
areas Experiment
[15] Furniture layout - Daylight Simulation; Presence and Movement -
Environmental of people
measurements
[9] Physical environment Feelings toward daylight Review Circulation area; seating -
layout
[16] Acrchitectural elements  Hollow prismatic light User behavior Monitoring with a
guides datalogger
[11] Library space - Survey Choice of seat; Observation
Circulation guidance;
Crowding
[7] Spatial openness - Comparative case Democratic and physical -
studies openness

3.1. User experience and spatial utilization in the library
setting

Spatial experience in the library connotes the user’s
attendance and exploration of the space, involving movement
through the literature of the study. Jergensen et al. [6] conducted
a study investigating user experience regarding brightness, dark-
to-light variation, and luminance, aiming to understand the
impact of daylight strategies on user perceptions. Data collection
methods included subjective evaluations through questionnaires
administered after users entered and moved through the libraries,
HDR (High Dynamic Range) photography, and luminance
mapping. Additionally, daylight factor (DF) measurements were
employed to assess the effectiveness of daylighting strategies.
The study, conducted across three public libraries in Denmark,
provided valuable insights into the design implications of
daylighting strategies for user experience. The libraries reflect
distinct strategies:

e Gentofte emphasized meticulous daylight planning with

intuitive design,

o Albertslund prioritized flexibility and functional lighting
with engineering input,

o and Frederiksberg used dramatic light staging but faced
thermal issues, highlighting a trade-off between artistic
vision and practical considerations.

Daylight shapes spatial experiences, creating ambience

while supporting functional needs like reading and visibility.
Successful designs balance aesthetic goals with practical

requirements, as seen in Albertslund’s efficient lighting and
Frederiksberg’s impactful yet uneven skylight strategy.
Enhancing the user experience in the library — or, more
specifically, facilitating user movement — has been one of the
aspects of library design and trends research. For example,
Edwards [7] investigated new trends in library design focusing
on physical openness, democratic openness, transparency, and
view-out elements. Using comparative case studies, the research
examined how these design features contribute to sustainable
practices within library environments. By exploring these
aspects, the study aimed to highlight green innovative
approaches to library design that promote sustainability and
enhance user experiences through openness, transparency, and
connections to the surrounding environment. This research
contributes valuable insights into the evolving landscape of 21st
century library architecture by signifying the return of library
design to the modernist Scandinavian concepts such as ‘high
levels of daylight’ and ‘social harmony.” Moreover, one of the
most recent studies, Liu et al. [8] explores the integration of
building simulation techniques with architectural design
principles to optimize lighting performance, particularly in
libraries. While this study does not directly explore user
behavior, it emphasizes the use of glass curtain walls to achieve
optimal lighting conditions, aiming to improve spatial experience
and minimize issues related to sun exposure and glare within
library spaces. In addition, in another study to increase ‘library
space utilization’, Mortazaee and Haron [9] conducted a review
focusing on the impacts of daylight on luminous comfort in
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libraries. The study examined various aspects of the physical
environment, such as floor level and interior design elements,
including circulation area and seating layout, that directly impact
satisfaction with daylight. This review paper investigated user
perceptions towards daylight, satisfaction with daylight, and
overall luminous comfort in library settings. By reviewing these
factors, the study aimed to enhance users' motivation to utilize
library spaces through improved Iluminous comfort
considerations. This review contributes valuable insights into
optimizing library environments to promote user satisfaction and
well-being related to daylighting conditions.

All in all, these studies define movement as user attendance
and spatial exploration within the library, encompassing
navigation and interactions with the environment. They highlight
the influence of daylight strategies on user perceptions, assessed
through evaluations and luminance mapping, and emphasize the
role of daylight integration in enhancing satisfaction and well-
being.

General solid design recommendations and daylight
treatments to increase space utilization identified in the research
include: to optimize library space, bookshelves should be
positioned perpendicular to windows to maximize daylight use
and reduce glare. Circulation paths should also be aligned
perpendicularly to study carrels to control daylight exposure in
work areas. Placing individual study carrels near windows with
low partitions provides controlled daylight and exterior views,
enhancing user satisfaction and performance. Spatial layouts that
provide higher daylight availability in seating areas are
associated with higher space utilization [9] (See Fig. 4).

Additionally, architectural vision should not be prioritized
over practical daylight distribution and thermal comfort. More
specifically, the study recommends that architectural daylight
strategies should be formulated at the design stage to ensure they
are effectively experienced by users. Strategies that incorporate
spatial considerations — such as even daylight distribution —
receive more positive evaluations [6] (See Fig. 5).

DAYLIGHT
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3.2. Occupant’s positions and choice of spatial locations

To study daylight performance, occupant movement can be
categorized into three scales [75]. This section focuses on
changes in position (movement of the joints within a specific
location) and changes in location (movement of the entire body
through space) (Figs. 6B and 6C). The figure below illustrates all
three movement scales (Fig. 6).

In the review, existing literature has primarily focused on the
concept of 'occupant's choice of location', particularly 'seat
selection' as studied by Izmir Tunahan et al. [10] within this
category. This research specifically investigates how movement
and daylight relate within a library setting. One of their findings
indicates that seat preferences in a library are primarily
influenced by daylight availability, followed by privacy, outdoor
views, quietness, and minimal interaction with others, with
subjective daylight ratings aligning closely but not perfectly with
actual conditions. However, there was another study done on how
users choose their seats in a library. Kilic and Hasirci [11]
conducted a study focusing on the examination of the various
factors related to user experience, including seat selection,
circulation guidance, privacy, personal space, territoriality, and
crowding, in the context of daylight appraisal. The study
investigated how users choose their seats based on daylight
perception and environmental factors influenced by seating
distance. Data collection methods included observation and
surveys conducted within library settings. By exploring these
aspects, the study aimed to understand the impact of daylighting
on user satisfaction and seating behavior in university library
environments, providing insights to optimize library design and
enhance the user experience and well-being. More specifically,
visual comfort and environmental processes should be prioritized
when designing university library spaces to enhance user
experience in terms of visual comfort, privacy, personal space,
territoriality, and crowd management.

DAYLIGHT

USER, MoVEMENT

Fig. 4. Arrangement of library shelving and study areas considering daylight (perpendicular to the direction of light through the windows).
Source: authors
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Fig. 5. Even daylight distribution in the library. Source: authors
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ac

Fig. 6. Movement scales. Movement of the facial muscles and heart (A), Movement of the joints and eye (B), and Movement of the body through
the space (C). Source: [75]

Not only was seat selection examined in the research on the
library research on daylighting, but table selection was also
investigated. Aram and Alibaba [12] conducted a study
investigating the effects of daylight in a university library. The
research focused on users' psychological behavior, table
selection, and user activities in relation to daylight glare,
intensity, window location, and solar gain. The study aimed to
understand both the positive and negative impacts of daylight on
user mood and physiological behavior within the library
environment. Data collection methods included direct
observation and description, photography, and schematic
simulation to assess solar radiation and solar gain. By exploring
factors like window location, glare, solar gain, and furniture
arrangement, the study provides insights into optimizing
daylighting strategies in university libraries to enhance user
experience and well-being, showing that indirect daylight
improves energy and comfort, while excessive glare and solar
heat gain can cause discomfort and reduce productivity.
Designers can optimize study spaces by adjusting building
orientation, window size, and shading to manage these
challenges and enhance functionality.

All in all, these studies aim to find the optimal user location
and positions within the library space. More specifically, Dabaj
et al. [13] focused on recommending optimal user positions
corresponding to different types of shading devices to mitigate
glare issues. By employing simulation techniques specific to
reading room environments, the research highlights the
importance of strategically placing users relative to the shading
devices to enhance visual comfort and daylight utilization within
such spaces.

Movement in this context is defined as the “occupant’s
choice of location within the library,” with a focus on seat and

table selection influenced by daylight. Research explores how
users select seats based on daylight perception and environmental
conditions, using methods such as observations, surveys, and
simulations. The goal is to optimize seating arrangements for
better visual comfort and efficient daylight utilization, while
addressing challenges such as glare and solar heat gain.

3.3. Walking and transition

The presence of the movement of other people apart from the
user itself has been an interesting phenomenon to study since it
might impact the learning process in a library setting as well. As
in the library buildings, Nasrollahi and Shokry [15] conducted a
study investigating the impact of various factors, including
furniture layout, and ‘presence and movement of people’ in the
study spaces. On the other hand, the parameters related to
daylighting aspects in the study were window form and position,
uniformity, daylight factor, and reflectivity on daylighting, visual
comfort, and electrical energy performance. The study developed
an optimized architectural model using simulation techniques
and environmental measurements to enhance the quality of study
spaces in libraries. It highlights how strategic adjustments to
design elements, such as furniture layout, can improve daylight
distribution and energy efficiency while ensuring visual comfort
for users. One scenario with people in the simulation showed that
their presence had minimal impact on the uniformity rate and
daylight factor, which stayed within the standard range,
maintaining optimal daylight distribution and visual comfort
(Fig. 7). In this category, daylighted environments are examined
in relation to users’ walking, presence, and transitional
movement patterns within the library.

Fig. 7. Visualization of the impact of the presence of movement on the daylight distribution for three scenarios of without users (a),
with static users (b), and with dynamic users (c). Source: authors
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3.4. Occupation over time

Time is integral to understanding movement in both physics
and architecture. In daylighting design for the libraries, it is
crucial to consider how user movements change throughout the
day, across seasons, under varying daylight conditions, and to
adapt spaces to support these dynamic patterns. One study that
considers movement as an occupation over time was conducted
by Omar et al. [16]. They conducted a study that investigated user
behavior and daylight utilization through lighting simulation and
occupancy pattern monitoring to propose optimal daylighting
strategies. By examining daylight conditions and energy
performance, the study aimed to enhance energy efficiency in the
library environment. The research involved monitoring with
dataloggers to gather data on user behavior and daylighting
patterns within the library setting, providing valuable insights
into effective daylighting strategies for energy conservation.

In this category, movement is defined as the ‘evolution of
people's movements over time’ within the library space,
influenced by varying daylight conditions. This includes
examining user behavior and daylight utilization through lighting
simulations and occupancy pattern monitoring. Studies aim to
propose optimal daylighting strategies to enhance energy
efficiency and adapt to shifting mobility patterns and activities.

4. Discussions

The movement-related categories introduced in this paper
are derived from studies across multiple building types and are
subsequently applied to the library context. In daylighting
research, atriums have received considerably more attention than
libraries in terms of space utilization and experiential quality.
Studies highlight how atriums influence architectural space
dynamics and emotional engagement, often functioning as
vibrant and interactive hubs depending on building function,
location, and design [17,18]. Similarly, Ma and Yang [19]
examined atriums as activity centers, emphasizing daylight-
driven architectural strategies to optimize spatial efficiency and
accommodate diverse activities. Although these studies do not
explicitly measure user movement, they implicitly address
movement through patterns of use, engagement, and spatial
occupation. More broadly, research on passive design [20]
demonstrates how spatial layout, activity distribution, and
illuminance levels collectively shape building utilization.
Biophilic design, as a form of passive design, has been associated
with active behavior [72], defined as purposeful physical
movement stimulated by spatial and daylighting conditions,
particularly in healthcare environments. Comparable findings are
reported in indoor sports research [73,74], where natural light
influences physiological states such as alertness, directly
affecting movement intensity and performance. Together, these
studies support the User Experience and Spatial Utilization
category by illustrating how daylight indirectly shapes
exploratory and activity-based movement patterns. Research on
smart buildings [21] and traditional architectural design [22]
further reinforces the role of atriums in enhancing spatial
experiences through integrated daylighting strategies. In library
contexts, atriums also offer opportunities to support user-
centered goals, enabling more integrated movement patterns
alongside natural lighting.

Regarding Occupants’ Positions and Choice of Spatial
Locations, research beyond library settings has extensively
addressed movement in relation to daylight. As underscored by
research [14], there is a close interconnection between perception
and action. Urban studies [23] document behavioral adaptations

in city squares, particularly resting and positioning behaviors
influenced by daylight exposure. Zeibo et al. [24] further
advanced this understanding by predicting pedestrian movement
at urban intersections based on location and speed parameters. In
interior environments, studies integrating daylight analysis with
user movement [25] have enabled forecasts of illuminance levels
for lighting control, while earlier work [26] demonstrated
reductions in energy consumption through the identification of
actual activity patterns and daylight presence. Hosseini et al. [27]
expanded this approach using parametric simulations focused on
users’ fields of vision and dynamic attraction points. Occupant
position selection has also been central to spatial design
evaluation and energy optimisation. Previous studies [28]
mapped occupants’ choice of location to improve energy
performance, while others examined visual comfort through
movable views in office buildings [29], glare mitigation
strategies based on occupant location [30], and blind control
systems informed by occupant position and activity [31]. Earlier
work by Atzeri et al. [32] proposed comfort metrics incorporating
occupant position and reaction at early design stages.
Collectively, these findings reinforce the relevance of dynamic
positions and locations as a key daylight-responsive behavior
extending well beyond library environments.

The Walking and Transition category similarly aligns with
extensive research across urban and interior contexts. De
Montigny et al. [33] observed pedestrian walking habits in
relation to environmental conditions, identifying correlations
between weather, daylight, and movement. Earlier studies
[34,35] examined how daylight and street-level movement
patterns affect microclimatic conditions, including usage
intensity and shade availability. More recent work by Liu et al.
[36] integrated user movement, lighting comfort, and daylight to
optimize lighting solutions, while other studies modelled
daylight behavior in historic streets [37] and analyzed design
strategies for creating inviting walking environments [38].
Indoor-focused research further highlights the coupling of
perception and movement, including studies on historic interiors
[39], safe movement transitions [40], sensorial perception and
light dynamics [41], experiential enhancement in interior design
[42], and synchronization between human movement and
circadian rhythms [43].

With respect to Occupation Over Time, daylighting research
has traditionally concentrated on office buildings and working
hours rather than libraries. However, as libraries increasingly
serve as multifunctional workplaces, temporal occupancy
patterns are becoming increasingly relevant. Studies by Jens and
Khoudi [44] examined occupancy duration alongside daylight
presence using post-occupancy evaluations, while Hunt’s
pioneering work [45] emphasized occupation cycles as a
fundamental factor in lighting and energy research. Subsequent
studies [46] explored occupancy duration and manual control
behavior in relation to energy use, leading to broader attention to
space occupation hours in daylighting research. Temporal
mapping approaches [47] have been used to optimize design
strategies, while further studies examined space occupation hours
[48], daylight usage duration [49], and passive daylighting
systems in relation to energy conservation and visual comfort
[50,51,52]. In library settings, prolonged stationary occupancy is
common, as illustrated in Fig. 8, where extended periods of static
presence are observed in study areas. These patterns demonstrate
that movement in libraries often manifests as temporal
occupation rather than continuous physical circulation,
reinforcing the relevance of time-based movement categories in
daylight-focused research.
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Fig. 8. Maly Kack Library in Gdynia. User occupancy over time, representing periods of extended stationary presence in the library without
frequent movement or browsing. Source: authors

Despite these insights, this review identified a notable
research gap: the limited consideration of physical interaction
with daylighting elements and disruptive user—space interactions
within library environments. While such behaviors have been
examined in other building types under terms such as user action,
interaction, and reaction [53-58], usage behavior [54,57,58], user
customs, habits, and adaptive behavior [59-65], their application
to libraries remains scarce. Similarly, disruptive responses -
including parasitic energy consumption [66], delayed manual
control [67], user escape [68], and migratory living patterns [69]
— have been explored outside library contexts but are largely
absent from library-focused daylighting studies.

Overall, the reviewed literature demonstrates consistent
patterns of movement categorization across spatial utilization,
positional behavior, walking and transition, and occupation over
time. In library contexts, these patterns intersect with user
experience, seating and table selection, circulation, and
prolonged occupancy, highlighting the importance of integrating
daylighting strategies with movement-sensitive  design.
However, a deeper understanding of library user movement also
requires consideration of user diversity and library typologies.
Kim and Choi [70] identify four primary library types — public,
special, school, and academic — consistent with classifications
proposed by the Illuminating Engineering Society [71].
Recognizing these distinctions is essential for interpreting
movement behaviors and daylight sensitivity across different
library environments.

Last but not least, a nuanced relationship can be observed
between McKay’s six library user behaviors and the movement
categories proposed in this review. As illustrated in Fig. 9,
behaviors such as Wandering, Opportunistic Browsing, and
Location Seeding appear to be the most strongly influenced by
daylighting conditions. These behaviors are characterized by
exploratory, visually driven, and nonlinear movement patterns,
where users respond to spatial cues, visibility, and perceived
ambience rather than following a fixed, goal-oriented path. In
these cases, daylight plays an active role in shaping movement
by enhancing spatial legibility, encouraging serendipitous
exploration, and fostering positive associations with locations
within the library. In contrast, more goal-driven behaviors such
as Grab-and-Go, Satisficing, and Search Seeding demonstrate a
more limited sensitivity to daylighting. These behaviors
prioritize efficiency, proximity to target items, or predefined
search strategies, resulting in movement patterns that are
primarily function-driven and less dependent on environmental
qualities. While daylight may still support visibility and

orientation in these cases, it is not the primary determinant of user
movement. Together, these distinctions support the applicability
of the proposed movement framework by demonstrating how
different types of library user behavior align with varying degrees
of daylight influence. However, the relationships identified here
remain interpretative and indicative rather than conclusive.
Further empirical behavioral research — such as observational
tracking, movement mapping, and longitudinal studies — is
required to validate and refine the connections between specific
daylighting conditions and library user behaviors.

5. Conclusions

This review proposes a movement-oriented conceptual
framework for understanding daylighting research, synthesizing
six movement-related categories that capture the reciprocal
relationship between daylight and human behavior. Rather than
treating movement solely as physical displacement, the
framework conceptualizes movement as a combination of spatial
experience, positional choice, circulation, interaction, disruption,
and temporal occupation. Across these categories, movement is
understood both as a response to daylight — shaping user actions,
perceptions, and behavioral adaptation - and as an active modifier
of daylight conditions through occupancy patterns, spatial
positioning, and interaction with building systems.

When applied to library buildings, this framework reveals a
notably limited body of research. Only ten studies were found to
explicitly address user movement in relation to daylighting,
highlighting a clear research gap. Within these studies,
movement in libraries is primarily conceptualized through four
categories. First, User Experience and Spatial Utilization
associate movement with user presence, engagement, and
exploratory behavior, emphasizing how daylight influences
comfort, satisfaction, and perceived spatial quality. Second,
Occupants’ Positions and Choice of Spatial Locations frames
movement through seat and table selection, demonstrating how
users actively position themselves in relation to daylight
conditions. Third, Walking and Transition interpret movement
through circulation and the perceived presence of others,
influencing awareness, learning processes, and social dynamics
within library spaces. Fourth, Occupation Over Time
understands movement as a temporal phenomenon, reflecting
how user behavior evolves throughout the day in response to
changing daylight conditions.

Collectively, these findings show that movement in library
daylighting studies is largely indirect, expressed through
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positional behavior, visual perception, and prolonged occupancy
rather than frequent physical circulation. Notably, none of the
reviewed studies address physical interaction with daylighting
systems — such as manual blind adjustment — or disruptive user-
space interactions, despite their documented importance in other
building types. This absence represents a significant gap in both
behavioral and daylighting research within library contexts.

The review further demonstrates that library user behavior —
particularly seat and table selection, spatial preference, and
sensitivity to the presence and movement of others — plays a
critical role in shaping daylight perception and comfort. These

Grab-and-go

“Users move directly to the target item, minimizing
distractions”: These users focus on efficiency, moving
directly to their target item without unnecessary
exploration, and daylighting has little impact as their
interaction with the space is minimal.

GRAE AND-Go

Opportunistic Browsing

“Users browse adjacent areas around their target book,
sometimes engaging in unplanned exploration”: For
these users, daylighting can enhance the environment,
encouraging them to explore unexpected areas and
increasing the chance of serendipitous discoveries.

——

i OPFFoTUNISTIC
| BRowsINg

“Users return to familiar physical locations they perceive

as fruitful for browsing”: Daylighting can create a positive

association with these familiar areas, encouraging users to
revisit and engage with these locations more frequently.

behaviors vary across library types and user groups, underscoring
the importance of accounting for functional diversity in both
research and design.

Future research should adopt empirical behavioral methods,
including observational tracking, movement mapping, and
longitudinal studies, to examine how multiple movement
categories operate simultaneously in libraries. Greater attention
to user interaction with daylighting systems and to disruptive or
adaptive behaviors will be essential for developing more
responsive, user-centred, and daylight-sensitive library
environments.

“Users select a substitute when the desired item is
unavailable, often browsing a small, geographically close
area”: While their browsing is limited to a small area,
daylighting may help improve visibility, making it easier
for users to locate suitable substitutes nearby.

Sknisficia

Search Seeding

“Users use search tools to identify areas of interest and
then browse those locations extensively”: The ambient
daylight can make the browsing experience more
engaging by improving spatial awareness and inviting
users to explore more shelves.

SEARCH
SEEDING

l Wandering |

Users browse broadly across the library with loosely
defined goals, seeking inspiration or serendipity”:
Daylighting has a significant impact on these users by
shaping their movements and creating inviting spaces that
inspire extended, serendipitous exploration.

Fig. 9. The likelihood of daylighting’s impact on the Six Library User Behaviors through an abductive analysis. The definitions shown in bold
format are (adapted from [5]). Possible movement patterns in the library space, considering the Six Library Users Behaviors, the location of the
desired target, and daylighting. Source: authors
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