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Abstract

The paper is a comprehensive literature review that critically examines existing evaluation tools used in
interior space evaluation studies that aim to design and assess the sensory performance of physical
learning spaces. With the growing recognition of the impact of sensory experiences on learning
outcomes, there is a need to understand and utilize effective evaluation methodologies, metrics, and
approaches. By synthesizing findings from a wide range of research articles and publications, this review
provides a thorough overview of the current landscape of evaluation tools in the field. The objective is
to identify the strengths, limitations, and gaps in existing approaches, with a particular focus on sensory
aspects in physical learning spaces.

The review explores various evaluation methodologies, including Pre- and Post-Occupancy Evaluation
(POE) tools. These methodologies encompass both qualitative and quantitative approaches, offering
insights into the subjective experiences of users as well as objective performance metrics. Furthermore,
the review examines multi-modal evaluation approaches that integrate multiple sensory modalities,
acknowledging the holistic nature of sensory experiences in learning environments.

Within each evaluation methodology, the review delves into specific metrics and indicators used to
assess sensory performance. These metrics cover a range of sensory modalities, including visual,
acoustic, tactile, olfactory, and gustatory experiences. By examining these metrics, the review highlights
the importance of factors such as lighting quality, noise levels, furniture ergonomics, material selection,
air quality, and ambient scents in designing optimal learning environments that support users' sensory
needs.

Drawing from case studies and best practices, the review identifies the successful implementation of
evaluation tools and highlights lessons learned and challenges faced in assessing sensory performance.
Additionally, it addresses limitations and gaps in current evaluation tools, emphasizing the need for
further research and development to address emerging research areas and technological
advancements.

In conclusion, this literature review provides a comprehensive overview of evaluation tools used in
interior space evaluation studies for designing and assessing the sensory performance of physical
learning spaces. The findings offer valuable insights to architects, designers, and researchers, enabling
them to make informed decisions in creating educational environments that optimize sensory
experiences, enhance learning outcomes, and promote overall well-being. The identified gaps and
future research directions pave the way for the advancement of innovative evaluation tools, contributing
to the field of sensory design in physical learning spaces.

Keywords: Physical Learning Spaces, Sensory Experiences, Interior Space Evaluation, Performance-
based Assessments, Spatial Behavior.

1 INTRODUCTION

In the realm of interior design and architecture, the quest to craft optimal learning environments that
resonate with users' sensory experiences stands as an enduring pursuit. Acknowledging that our spaces
profoundly influence our well-being and educational outcomes, designers and architects have
increasingly turned to pre- and post-occupancy evaluations as indispensable tools in their creative
arsenal.

The pre-occupancy phase is crucial in the design process, where designers gather insights from
potential users before occupying a space. As shown in Figure 1, methods like sensory design theory,
surveys, questionnaires, interviews, focus groups, and virtual and augmented reality simulations help
refine and optimize sensory dimensions. Post-occupancy evaluations continue to refine and optimize
design, focusing on the design's ability to meet evolving user needs. Tools like occupant surveys,



interviews, focus groups, sensor technology, Augmented reality (AR), and Building Information Modeling
(BIM) systems help monitor and improve sensory experiences. Integrating these evaluation tools into
design practices facilitates the creation of dynamic, inclusive, and engaging learning environments and
empowers designers to adapt and enhance these spaces over time. By centering their efforts on the
sensory experiences of users, interior designers, and architects can craft environments that transcend
the mundane, fostering better educational outcomes and an overall sense of well-being.

In this research paper, we embark on a comprehensive exploration of pre- and post-occupancy
evaluations, shedding light on their significance, methodologies, and the transformative potential they
hold in shaping the future of learning environments. By comprehensively examining these tools and
methods, the paper contributes to the body of knowledge guiding the design and evaluation of learning
environments.
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Figure 1. Pre- and post-occupancy evaluation tools, source: by the authors

2 METHODOLOGY

The research methodology utilized for the paper encompassed a systematic and comprehensive
approach. An extensive literature search was conducted across various academic databases and
scholarly resources to initiate the study, employing specific keywords related to sensory experiences,
assessment tools, and physical learning spaces. Inclusion criteria were established to select peer-
reviewed articles, books, reports, and relevant publications. Once the sources were identified, a
thorough evaluation of their quality, methodology, and relevance was performed, considering factors
such as research design, data collection methods, and the authors' expertise. The literature was then
synthesized, categorizing and analyzing the field's findings, trends, and emerging patterns. Finally, the
paper critically discussed the gaps and implications identified in the literature, offering valuable insights
into assessing sensory experiences in physical learning spaces and guiding future research in this
domain.

3 PRE-OCCUPANCY EVALUATION TOOLS

Pre-occupancy evaluation is crucial in assessing users' sensory experiences in physical learning
spaces. It allows designers to gather feedback before the space is occupied, enabling them to make
informed design decisions that enhance the overall sensory experience [1]. A study by Vo et al.
highlighted the importance of pre-occupancy evaluation in assessing occupant satisfaction with various
aspects of the built environment, including sensory experiences. The study conducted pre- and post-
occupancy evaluation surveys in a renovated space to assess occupant satisfaction with indoor
environmental quality (IEQ) metrics. The evaluation provided valuable feedback on sensory aspects that
were harder to quantify, such as environmental satisfaction, comfort, health, and performance [1].

In addition to sensory experiences, pre-occupancy evaluation can also assess users' preferences and
design needs. For example, a study by Sadia explores the design preferences of neurodivergent
populations for quiet spaces [2]. The findings suggest that the design of quiet spaces should consider



users' diverse perspectives and sensory profiles to create neutral environments for the most sensitive
users while providing optional stimulating design features for the least sensitive.

User pre-occupancy evaluation can also aid in designer-client communication in the early design stage,
better understanding users' sensory preferences and requirements. This information can be used to
create designs that align with users' needs and enhance their sensory experiences in the learning space

[3].
3.1 Sensory Design Theory

This tool acts as a catalyst for developing design criteria based on the sensory qualities of the
environment. It emphasizes manipulating sensory components such as space, shape, color, pattern,
textures, lighting, and acoustics to enhance the overall user experience [4]. This theory recognizes that
the sensory experiences of users in physical learning spaces can significantly impact their learning
processes and outcomes. The evolution of design studio learning spaces, from physical to virtual and
online, has sparked debate on designing, using, and evaluating learning environments for practice-
based design disciplines. Sensory Design Theory offers a lens to understand students' experiences,
allowing designers to analyze and interpret the impact of the learning environment on their experiences

[5].

Sensory Design Theory has been applied in various fields, including autism classroom design, which is
used to meet the sensory needs of individuals with autism [6]. It recognizes that fulfilling individuals'
sensory needs is essential in designing physical learning environments that meet students' basic needs.
By considering factors such as acoustic properties, color, smell, lighting, accessibility, wayfinding,
compartmentation, building scale, quiet rooms, safety, gardens, and alternatives, designers can create
environments conducive to learning for individuals with autism [7].

3.2 Surveys and Questionnaires

Surveys and questionnaires are valuable tools for designers to gather quantitative and qualitative data,
ensuring that learning environments align with users' sensory requirements. For instance, a study by
Peng et al. found that indoor physical space comfort and indoor acoustic environment comfort positively
impact library visits [8]. Another study by Zeivots and Schuck used surveys and interviews to understand
research students' needs and expectations in a new learning space. The data was analyzed to identify
themes related to physical, virtual, and hybrid spaces, distraction-free environments, and a sense of
belonging [9].

Surveys can also evaluate the impact of design interventions on users' sensory experiences. For
instance, a study by Clement et al. assessed the effect of an active learning space on student success,
highlighting the importance of incorporating active learning spaces in physical learning environments
[10]. Additionally, surveys can be used to explore gender differences in student participation and
experiences in active-learning classrooms, identifying gender gaps and understanding how men and
women experience the classroom differently [11].

3.3 Interviews and Focus Groups

Interviews are a qualitative research method used in interior design to gain in-depth insights into users'
sensory experiences and perceptions. They involve one-on-one conversations with participants,
allowing designers to ask open-ended questions to explore subjective experiences, emotions, and
preferences related to the physical learning space [12]. In addition, walk-with interviews provide a more
holistic understanding of users' associations and experiences with physical and social environments.
This method involves accompanying users on a walk through the learning space and asking them to
talk about their sensory experiences and perceptions [13].

Focus groups, another qualitative research method, involve bringing together a small group of
participants to discuss a specific topic. In the context of interior design, focus groups allow participants
to share their thoughts, opinions, and experiences related to the physical learning space, generating
rich discussions and insights. This method provides a broader perspective on users' sensory
experiences and allows for exploring different viewpoints [12].



3.4 Virtual Reality (VR) and Augmented Reality (AR) Simulations

VR technology creates an immersive virtual environment replicating real-world sensory experiences,
allowing users to navigate and interact with the virtual space. It can simulate visual, auditory, and tactile
stimuli, allowing designers to evaluate the visual aesthetics of the learning space, such as furniture
arrangement, color schemes, and lighting conditions [14]. VR also helps assess acoustic environments,
allowing adjustments to optimize sound quality [15]. It provides a sense of presence and spatial
awareness, allowing users to experience the scale and proportions of the space [16].

AR technology overlays virtual elements onto the real-world environment, enhancing the sensory
experience of the physical space. It can visualize and assess object placement and ergonomics [17]
and provide real-time information, enhancing users' understanding of the space [18]. AR is beneficial
for individuals with special needs, such as children with autism, as it supports their non-verbal
communication skills [19].

4 POST-OCCUPANCY EVALUATIONS

Post-occupancy evaluation (POE) is a process that evaluates the performance of a building after it has
been occupied for a certain period [20]. It provides valuable insights into the effectiveness of the design
and helps identify areas for improvement [21]. In the context of physical learning spaces, POE allows
designers to understand how the environment impacts users' sensory experiences and how it can be
optimized to enhance learning outcomes.

Various evaluation methods and tools can be employed to conduct a comprehensive post-occupancy
evaluation of physical learning spaces. These include occupant surveys, focus groups, interviews, and
physical measurements [22]. Occupant surveys, in particular, are commonly used to gather feedback
on users' satisfaction, comfort, and overall experience [23]. By analyzing the data collected through
these evaluation methods, designers can gain valuable insights into the strengths and weaknesses of
the space and make informed decisions for future improvements.

Post-occupancy evaluations can also be applied to the design of special needs classrooms. By
manipulating the physical environment to assist specific functions and elicit desired behavior, interior
designers can create spaces that respond to the sensory needs of students with exceptionalities.
Sensory Design Theory provides a flexible and adaptable tool for developing design criteria based on
the sensory qualities of physical environments [4].

4.1 Observation

Observation is a valuable tool for designers to understand how users perceive and experience
environments. Studies have shown that observation can be a post-occupancy tool to assess users'
sensory experiences in physical learning spaces.

Zeivots and Schuck used observation methods to understand the needs and expectations of research
students in a shared activity-based learning space, identifying physical, virtual, and hybrid spaces that
were important to their learning experiences [9]. Ibrahim et al. assessed a physical informal learning
environment at a public university in Malaysia, using observational and field inventory survey techniques
to investigate space conditions and utilization that support informal learning activities outside formal
lecture hours [24].

Observation can also be used to assess the impact of soundscape on users' sensory experiences, as
discussed by Aburawis and Yorukoglu [25]. Cho and Kim explored the measurement of user emotion
and experience in interaction with space, highlighting the use of observation in combination with other
methods to capture and analyze user experiences in architectural spaces. Integrating observation with
other data collection techniques, such as surveys or interviews, can provide a more holistic
understanding of users' sensory experiences [26].

4.1.1 Types of observation

Various observation techniques are employed to comprehensively understand users' experiences within
a learning space, as illustrated in Figure 2. First, behavioral observation entails systematic
documentation of users' actions and behaviors, shedding light on their interactions with the environment,
movement patterns, and responses to sensory stimuli [25]. Spatial observation, on the other hand,
delves into the physical layout and arrangement of the learning space, assessing the impact of furniture
and equipment distribution on sensory experiences [27]. Sound observation involves listening and



documenting the auditory environment, considering factors like ambient noise levels and acoustic quality
[25]. Visual observation focuses on lighting, color schemes, and visual stimuli, examining users'
engagement and comfort with visual elements [13]. Social observation centers on users' social
interactions, communication patterns, and dynamics within the space [28], while user experience
observation captures users' subjective experiences, emotions, and satisfaction levels. These diverse
observation methods collectively provide valuable insights into the multifaceted nature of users' sensory
experiences within the learning environment, offering opportunities for design enhancements and
optimization [29].
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Figure 2. Observation Types, source: by the authors

4.2 Occupant Surveys and Questionnaires

The Center for the Built Environment's (CBE) Occupant Survey is an online tool that assesses
occupants' satisfaction with indoor environmental quality parameters [23]. It provides a structured
framework for gathering user feedback regarding their sensory experiences, comfort levels, and overall
satisfaction with the learning space. The survey includes questions related to factors such as lighting,
temperature, acoustics, air quality, and spatial layout. Users can provide ratings and comments on these
parameters, allowing designers to gain insights into the effectiveness of the design in meeting users'
sensory needs and preferences.

Surveys and questionnaires can be designed to target specific aspects of sensory experiences, such as
visual aesthetics, acoustics, lighting, thermal comfort, and overall satisfaction. Using Likert scales or
rating systems, users can rate their satisfaction or agreement with statements related to these sensory
aspects [23].

The advantage of using surveys and questionnaires is that they allow for the collection of data from a
large number of users, providing a broad perspective on the sensory experiences in the learning space.
This data can be analyzed to identify patterns, trends, and areas for improvement, as well as to
understand the specific sensory needs and preferences of different user groups, such as students with
sensory sensitivities or disabilities [30].

Statistical analysis of the data collected from surveys and questionnaires can identify significant trends
or correlations between different sensory aspects and overall satisfaction, providing valuable insights
into the strengths and weaknesses of the learning space design and allowing designers to make
informed decisions for future improvements or modifications [31].

4.3 Interviews and Focus Groups

Post-occupancy interviews and focus groups are two methods used to assess users' sensory
experiences in a learning space. Post-occupancy interviews involve one-on-one conversations between
the designer and individual users, allowing them to express their thoughts, feelings, and experiences
related to the sensory aspects of the space. Designers can ask open-ended questions to explore users'



sensory perceptions, comfort levels, and any issues they may have encountered. This allows for a
deeper understanding of how users interact with and experience the space, allowing for more informed
design decisions [13].

Focus groups involve a group of users discussing their experiences in the learning space, allowing for
group dynamics and interactions. Designers can facilitate discussions by asking questions related to
sensory experiences, such as the impact of lighting, acoustics, colors, and textures on their learning
experiences. This method provides a platform for users to share their thoughts, compare experiences,
and generate new insights that may not have emerged in individual interviews [28].

Both methods offer advantages for assessing users' sensory experiences, providing a direct line of
communication between designers and users, exploring subjective experiences, and identifying specific
sensory elements contributing to positive or negative experiences [9]. However, they should be
conducted sensitively and inclusively, considering cultural and contextual factors influencing users'
sensory experiences and interpretations [32].

4.4 Sensor Technology

Sensor technology enables real-time data collection, allowing designers to monitor users' sensory
experiences in various conditions. Temperature and humidity sensors can monitor thermal comfort
levels [33]. Noise level sensors can assess acoustic quality [34]. Light sensors measure lighting intensity
and quality [33]. Color sensors evaluate color temperature and rendering [35]. Pressure sensors
measure comfort and support provided by seating furniture, aiding in selecting ergonomic seating
options [36]. Texture sensors evaluate the tactile qualities of surfaces and materials used in the learning
space [37].

Incorporating multiple sensors and using sensor fusion techniques can provide a more comprehensive
understanding of users' sensory experiences. By combining data from different sensors, designers can
gain insights into the interactions between different sensory modalities and how they collectively
contribute to the overall user experience [38]. For example, combining data from temperature, humidity,
and lighting sensors can help designers understand the relationship between thermal comfort, visual
comfort, and the overall sensory experience in the learning space.

Machine learning algorithms can be employed to analyze sensor data, identifying patterns and
correlations. These algorithms can identify optimal ranges for temperature, lighting, and acoustics [39].
They can also develop predictive models that anticipate users' sensory needs and adjust environmental
conditions accordingly. Sensor technology is crucial in designing and implementing effective learning
environments [40].

4.5 Building Information Modeling (BIM) and Facilities Management (FM)
systems

Integrating Building Information Modeling (BIM) and Building Information Modeling (FM) systems is
crucial for post-occupancy evaluations. BIM models comprehensively represent a building's physical
attributes, such as layout, materials, and systems. By linking this information with real-time data from
FM systems, designers can monitor factors like indoor air quality, temperature, lighting levels, and
acoustics, identifying areas where sensory experiences may be compromised. This data can guide
design interventions to improve the overall environment [41].

Integrating BIM and FM systems also allows for analyzing energy consumption in the learning space.
By monitoring energy usage patterns and identifying inefficiencies, designers can make informed
decisions to optimize energy performance and reduce environmental impact. This can include adjusting
lighting systems, HVAC settings, and insulation to create a more comfortable and sustainable learning
environment [42].

Occupant behavior is another crucial aspect that can be assessed through digital technologies. By
analyzing data on occupant movement, space utilization, and interaction with elements, designers can
gain insights into user engagement and sensory experiences. This information can inform design
decisions related to spatial layout, furniture arrangement, and interactive features [43].

Digital technologies also enable designers to visualize and communicate findings of post-occupancy
evaluations more effectively. BIM models can create virtual walkthroughs and simulations, facilitating
discussions and collaborations among designers, clients, and users, leading to more informed and
inclusive design solutions [44].



4.6 Augmented Reality (AR)

AR technology offers a more immersive and interactive experience for users to provide real-time
feedback on their sensory experiences [45]. This allows designers to identify areas of improvement and
make necessary adjustments to enhance the sensory experience [46]. AR also allows for visualization
of design recommendations in the physical space, allowing users to see how these changes would look
and feel in the actual space [47].

By integrating sensors into the AR system, AR technology enables collection of objective data on users'
sensory experiences [48]. This data can provide valuable insights into how environmental factors impact
users' sensory experiences and guide designers in optimizing the design to meet their needs and
preferences.

AR facilitates collaboration and communication between designers and users, ensuring that the design
meets the diverse sensory needs of users and aligns with the goals and objectives of the learning space
[49]. It also enhances communication of design intent by providing a shared visual language that all
stakeholders can understand and engage with.

A study by Scolere and Malinin explores the use of AR in post-occupancy evaluations to enhance user
experiences in hybrid interior environments [12]. The findings suggest that AR has the potential to
expand the goals of post-occupancy evaluations by teaching occupants about resources and urging
them to utilize spatial features designed to enhance wellness.

5 RESULTS

The paper emphasizes the significance of assessing users' sensory experiences in physical learning
spaces and provides insights into various evaluation tools and methods. These tools can be categorized
into pre- and post-occupancy tools, each serving different purposes in the design process; collectively,
these tools empower designers to create optimal learning environments that enhance educational
outcomes and user satisfaction.

Additionally, the paper underscores a critical gap in the existing literature: the need for comprehensive
research that identifies a unique set of Key Performance Indicators (KPIs) tailored explicitly to learning
spaces based on sensorial metrics. This gap highlights the need to develop a comprehensive list of
KPls, which designers and businesses can employ to gauge and improve the sensory performance of
learning spaces effectively. These KPIs would serve as valuable benchmarks, guiding the design and
optimization of learning environments to enhance educational outcomes and user satisfaction. In
summary, the research paper not only offers insights into sensory evaluation tools but also calls for
creating a collective set of KPIs dedicated to sensory aspects in interior space evaluation studies.

6 CONCLUSIONS

Pre-occupancy and post-occupancy evaluations are invaluable tools for interior designers and architects
striving to create optimal learning environments that cater to users' sensory experiences. Pre-occupancy
evaluations enable designers to gather crucial feedback before a space is occupied, ensuring that
design decisions are informed and aligned with users' needs and preferences. These evaluations
encompass various methodologies, including sensory design theory, surveys, questionnaires,
interviews, focus groups, and virtual and augmented reality simulations, all of which play pivotal roles in
assessing and enhancing sensory experiences in physical learning spaces.

Sensory Design Theory emphasizes the manipulation of various sensory components to enhance the
overall user experience, and its application spans diverse fields, including the design of spaces for
individuals with autism. Surveys and questionnaires enable designers to collect quantitative and
gualitative data on users' sensory preferences and experiences, shedding light on factors such as
comfort, lighting, and acoustics. Interviews and focus groups provide in-depth insights into users'
perceptions, emotions, and preferences, fostering a deeper understanding of sensory experiences.
Virtual and augmented reality simulations offer immersive environments for evaluating sensory aspects
such as visual aesthetics and sound quality.

In the post-occupancy phase, designers continue to assess and refine learning environments.
Observation, occupant surveys, interviews, focus groups, sensor technology, and Building Information
Modeling (BIM) systems allow for the ongoing monitoring and optimization of sensory experiences.



Augmented reality (AR) emerges as a promising tool, offering real-time user feedback and visualization
of design interventions.

These evaluation tools facilitate the creation of sensory-rich learning environments and empower
designers to adapt and improve spaces over time. By prioritizing users' sensory experiences, interior
designers can create dynamic, inclusive, and engaging learning environments that foster better
educational outcomes and overall well-being. As technology continues to advance, the integration of
these tools in design practices will become increasingly vital for the continued enhancement of physical
learning spaces.

Furthermore, the research paper highlights a significant gap in existing literature concerning the need
for a comprehensive set of Key Performance Indicators (KPIs) specifically designed for assessing
sensory aspects in learning spaces. This gap underscores the urgent need to develop a comprehensive
list of KPIs tailored for use by designers and businesses to evaluate and enhance the sensory quality
of learning environments effectively.
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