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Abstract 
The occupancy evaluation proposed in this study evaluates space by predicting 

user behaviour in the space based on the spatial characteristics that have an effect 

on human behaviour. For this, the main factors that have an influence on user 

behaviour among the physical factors are defined and implemented in a virtual 

space. This study examined spatial evaluation methods and a simulation 

implementation plan based on three factors: "User," "3D Space," and "Action." 

However, it addressed the theoretical aspects only, which concluded that spatial 

evaluation can be performed through simulation. Conducting POE has the 

potential to reveal problems that are not known by the stakeholders involved due 

to liability and credibility issues. However, POE should be integrated with quality 

inspections and defect management that occur during the building’s lifetime. 

Based on this process, an evaluator is able to predict user behavior and evaluate 

the space. The preliminary conclusion is that if spatial evaluation simulation is 

conducted based on the theoretical research proposed in this study, effective 

results could be obtained.  
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Introduction 
Although varying methods and 

techniques are available for POE conduit, 

in the majority of building projects POE 

is not performed, which is due to the cost 

of real-time data collection for post 

occupancy evaluation. Conducting POE 

African Scholar 

Publications & 

Research  

International  

VOL. 25 NO. 4 
ISSN: 2196-1789 
JUNE, 2022 
 

African Scholar Journal of Built Env. & Geological Research (JBEGR-4) 



2  africanscholarpublications@gmail.com                                                                               

 2022 

 

has the potential to reveal problems that are not known by the stakeholders involved 

due to liability and credibility issues. However, POE should be integrated with quality 

inspections and defect management that occur during the building’s lifetime.In this 

case, POE is not predicted, observed, and explained, even though this does describe 

some parts of the process. Current views on post-occupancy evaluation suggest that it 

should cover user satisfaction, technical performance, financial performance, and the 

impact of the built environment on living or working conditions. 

As stated by Wargocki et al. (1999), people spend 80–90 per cent of their lives in 

buildings, living, studying, working, entertaining themselves, consuming and even 

exercising, which means that the indoor conditions can have a strong imprint on well-

being, health and productivity. There are millions of "sick" buildings throughout the 

world, consuming energy unnecessarily and causing increased operational costs for 

owners. According to surveys conducted in the US, the energy usage intensity of the 

buildings surveyed deviated more than 25% from the design projections (Turner et al. 

2008). 

Many buildings that win awards are not popular with their users. All buildings are 

predictions; all predictions are wrong (Brand, S. 1997). When we consider the 

predictions, we use to create and maintain buildings, there are those based on errors of 

judgement which are unavoidable and those mistakes which are avoidable. If we fail 

to adequately learn by evaluating our existing building stock effectively, then we will 

fail to avoid avoidable mistakes. This has a fundamental impediment to our ability to 

create a built environment that meets future aspirations. If we truly wish to ensure 

sustainability objectives are met, we need to more regularly and effectively evaluate  

Currently, the primary motivation for POE tends to be user satisfaction. The 

beneficiaries of POE in residential dwellings are the residents, by enhancing their 

living environment and community by ensuring that a building’s impact on the 

environment and the community is favourable to all. Integrating into the development 

process informed feedback from existing developments is an essential part of design 

improvement. To develop and maintain buildings at a lower cost, we need to 

understand how buildings in use deviate from the expectations of their design. The list 

of topics covered by POE will inevitably expand as the collection of information 

becomes easier. This POE information in turn may lead to the greater use of evidence-

based design within the preconstruction phases of the building lifecycle. Also, POE 

can lead to a better understanding of building value and non-traditional investment 

criteria (NCIC). This in turn may give a better understanding of the building real estate 

market. 

 Historically, POE has mostly been conducted using questionnaires and face-to-face 

interviews. But buildings are becoming more intelligent and adaptive, responsive to 

changing environmental conditions. As technology develops (easy-to-integrate 
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wireless solutions), the methods of intermittent and real-time data feedback increase 

(Menzel et al. 2008). If remote sensors are already being supplied to buildings, they 

have the potential to perform dual roles (thus providing feedback at a lower cost). 

These functions are as follows: i) as part of a building management system; and ii) as 

a method of validating design intent. Previous investigations in this area have included 

the coordinated management of Intelligent Pervasive Spaces (Yong, C. et al., 2007).  

Adopting the concept of the "internet of things", people are becoming and will become 

more connected to inanimate objects. This will be done both through radio frequency 

identification (RFID) and through sensor networks. Cisco systems' literature on the 

convergence of IT and building systems points to the convergence of building systems 

and user systems. The impact of distributed data and the increased processing power 

offered through cloud computing should not be underestimated. Additional streams of 

data are also likely to become available through the use of mash-up concepts, where 

data from disparate sources is combined in new and innovative ways. Using this and 

associated technologies, it should be possible to evaluate building performance and 

the way we use the built environment in ways that were not possible before. The 

granularity that is potentially offered is very different, and POE in the future may be 

considered at a building, building part, or area level. 

 
Figure 1 Possible framework for POE evaluation 

 

Building information models generated for sensing devices should not be considered 

static models but simulations. Benchmarking of buildings of a similar building type is 

also likely to reveal variations for analysis. This information can then be used to 

actively amend or augment the building's performance and also provide feedback on 
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future building projects. Theoretical design models can be compared with real-world 

measurements. 

 

Post Occupancy Evaluation 

The reason for conducting a design evaluation is to show stakeholders’ requirements 

involved in the construction project (Shen 2012). Evaluation for users’ satisfaction is 

always an important issue in the AEC industry (Chiu et al. 2014 and Leaman et al. 

2010). For user satisfaction, people use a design evaluation even though there are 

several methods for that. Among several methods, the most frequently used design 

evaluation method is Post-Occupancy Evaluation (POE) (Preiser 2013). A POE is a 

process that measures the occupant’s satisfaction with a space.  

The design evaluation is divided into three categories: building performance, user 

performance, and evaluation of the efficiency of the design process (Kalay, 2004). In 

a building performance evaluation, experts in the construction phase evaluate technical 

aspects such as mechanical (HVAC) and structural systems. In a user performance 

evaluation, however, spatial satisfaction is evaluated by the end-users. Finally, in the 

evaluation of the efficiency of the design process, the efficiency of the process 

developed to derive design results is evaluated (see Figure 1). 

 
Figure 1. Stakeholders related to design evaluation 

 

As mentioned above, in design evaluation, POE is the most common type of 

evaluation. This approach measures residents’ requirements and satisfaction levels to 

improve their spatial satisfaction. However, the POE has several limitations in 

improving it because this evaluation was conducted after the construction was 

completed. Implementing its spatial improvement findings requires a lot of time and 

money. Therefore, it is more efficient to evaluate and improve spaces before 

occupancy, specifically before construction. But it is difficult to evaluate a completed 

space prior to construction. This study proposes a Post-Occupancy Evaluation (POE) 
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which can evaluate and improve designs in advance by simulating user behaviour in a 

3D virtual space. 

The POE in this study is based on the Virtual Design and Construction (VDC) Model. 

However, there is a difference between the POE and the VDC model. PrOE uses not 

only building information but also user information, unlike the VDC model. Kalay 

proposed a PrOE concept and noted that PrOE can overcome the limitations of 

conventional design evaluation (Kalay 2004). Shen et al. also mentioned a method of 

client-based PrOE. However, it does not include user performance evaluation if the 

client and user are different (Shen 2013). Tabak (2009) developed a User Simulation 

of Space Utilization (USSU) system that acts like an actual user to evaluate building 

performance. However, this system did not consider interactions between the user and 

3D space. Oerter et al. (2014) proposed a method to give direct feedback to the 

architect by controlling an avatar that represents a user in Virtual Design and 

Construction (VDC). This method also has a limitation in that the user must control 

the avatar in person and may find it difficult to express design requirements clearly. 

 

New approach: Pre-Occupancy Evaluation  

The concept of PrOE was first introduced by Kalay (2004). However, this concept is 

based on theories of environmental behavior. In general, to predict human behavior in 

space, there is enough universality about human lifestyle. Skinner mentioned that 

external factors such as weather have an important effect on human behavior (Skinner 

1953). Furthermore, Lewin (1951) and Stokols (1977) mentioned that both internal 

and external factors are related to human behavior. Stokols (1977) noted that human 

behavior derives from interaction between both sides (internal and external) unlike 

Lewin’s theory. Lewin’s focus was not on interaction but independence. The concept 

of PrOE stems from these theories. In his study, Kalay (2004) noted that PrOE is able 

to outperform existing evaluation methods such as POE if several conditions are 

provided. PrOE is used to evaluate a particular 3D virtual space by predicting the 

user’s behavior in it. This 3D virtual space replaces real space. The reason why PrOE 

is used in a 3D virtual space for evaluation is that it is only possible to complete a 

building before construction in virtual space. To do PrOE, the factors which have an 

influence on user behavior need to be defined. The users in a virtual space notify these 

spatial factors and then determine their actions. Through this series of processes, the 

evaluator is able to predict user behavior and evaluate their performances in the space.  

The PrOE is able to consider all design evaluation processes, as opposed to 

conventional design evaluation methods that look at fewer processes. As a result, the 

efficiency of the design process can be improved due to enhanced spatial 

understanding of project participants through more realistic space modeling (see 

Figure 2). 
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Figure 2. Relationships between internal and external factors on human behavior 

(Adapted from Stokols 1977) 

 

METHODOLOGY 

The occupancy evaluation proposed in this study evaluates space by predicting user 

behaviour in the space based on the spatial characteristics that have an effect on human 

behaviour. For this, the main factors that have an influence on user behaviour among 

the physical factors are defined and implemented in a virtual space. A user located in 

a virtual space perceives spatial factors in a general and comprehensive manner and 

then decides their action. Based on this process, an evaluator is able to predict user 

behavior and evaluate the space. 

 

3D Virtual Space-Based Spatial Evaluation: Necessities of 3D Virtual Spaces  

3D virtual space-based evaluation can overcome the limitations of conventional 2D 

design evaluation methods. In space, there are diverse physical elements affecting 

human behaviour. These physical factors in space have 3D characteristics in which 

height, width, and distance should be considered in an integrated manner. Creating 3D 

virtual space is to facilitate design evaluation because it is possible to input these 

physical factors’ information. 

 

Analysis of Spatial Evaluation Factors   

Simulation in Post-Occupancy Evaluation requires three factors: "User," "Space," and 

"Action." "User" refers to a dweller in a space, and "space" consists of the physical 

factors which are used by users or space occupied by users. ‘Action’ includes all 

actions executed by users. Space is evaluated through interaction among these three 

components (see Figure 3), and then an evaluation logic can be created (Lee 2009) 
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Figure 3. Three factors for design evaluation 

(Adapted from Lee 2009) 

  

In the user model, users decide their behaviour 

according to the recognized physical factors. This 

study classifies user’s properties into ecological, 

social, and cultural properties based on the Stokols’ 

(1977) theory. In spatial modelling, this study deals 

with a microscopic aspect of space. In that aspect, the spatial model is classified into 

countable properties, un-countable properties and spatial relationship properties 

between them. Finally, the action model is based on the behaviour that occurs between 

the user and the space. 

 

Development of Spatial Evaluation Logic  

To perform spatial evaluation, there should be spatial information affecting user 

behavior in a virtual space, and a user should be able to perceive a virtual environment 

and act accordingly. Based on user behavior, an evaluator can recognize spaces that 

should be improved. Through this process, space can be evaluated (see Figure 4). 

Figure 3 shows the outline of the PrOE and the proposed methodology. The PrOE 

proposed in this paper is based not on real space but on 3D virtual space. Therefore, 

in order to perform the PrOE, a virtual user, virtual space, and interaction between the 

user and space are needed. The virtual user must be created to behave (e.g., walking, 

sitting, running) for the purpose of evaluation. The virtual space should include spatial 

factors (e.g. benches, trees, and buildings) that have an effect on the user’s behavior. 

The evaluation logic can be defined by a particular score or number that is derived 

from the cognitive process of a user in simulation.  

  

 
Figure 4. Evaluation logic 
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Process for The Implementation of Spatial Evaluation Simulation  

For the spatial evaluation simulation proposed in this study, the 3D virtual space 

model, user model and evaluation logic should be defined. First, a target space is 

designed using a 3D-based virtual space model and built-in simulation software. Then, 

a user model is developed and placed in this virtual space. Once a virtual space model 

and a user model are built in the simulation software, they are simulated according to 

the evaluation logic, and the space is evaluated accordingly (see Figure 5).  

  

 
Figure 5. Components of 3D-based simulation for occupancy evaluation 

  

Virtual Space Model Design Process   

To build a virtual space model, it is necessary to first establish the scope of the target 

space. In addition, spatial information, which describes an object found in a space, is 

defined according to the purpose of the evaluation. Then it is divided into countable 

and uncountable data. Once the definition of spatial information is completed, 

individual spatial information is converted into computer language. This process is 

called "attribute informatization." Attribute information allows the user model to 

perceive spatial information. Once the attribute informatization process is completed, 

an actual evaluation process is developed using 3D design software. Then, the 3D 

virtual space model is built in simulation software. Because a simple 3D virtual space 
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model does not have attribute information, it should be input through a simulation tool. 

The connection of the spatial information with the attribute information enables a user 

model to perceive an object. 

 

User Model Design Process  

A user model is an entity that is similar to a human in a virtual space. It is also the 

target of spatial evaluation. Just like the classification of spatial information in a virtual 

space model, user information is classified according to the purpose of evaluation and 

divided into ecological, social, and cultural data in a user model as well. Based on the 

defined user information, a user model is designed and produced using 3D design 

software such as 3DS Max or Revit Live. Then, animation actions such as walking, 

running, and standing are entered into the user model to allow it to freely move around 

in a virtual space. Once the model design is completed, a user model is placed in the 

virtual space. The defined user information is then also input using simulation software 

to complete a user model that is consistent with the purpose of the evaluation. Because 

a user model perceives and uses spatial information for evaluation in a virtual space, 

a cognitive algorithm that makes it able to perceive spatial information is input for 

evaluation.  

  

Evaluation Logic  

In a user model, free movement in a virtual space is an essential element. However, 

not all spatial information in a virtual space is consistent with the purpose of the 

evaluation. If a user model perceives and uses unnecessary spatial information, the 

evaluation results may not be correct and accurate. Therefore, the spatial evaluation 

process should be defined in advance. Based on this process, a user model moves 

around in a virtual space and evaluates the space (see Figure 6).  

 
Figure 6. Occupancy evaluation process 

 

This study proposes using 3D virtual simulation based on space model, user model, 

and evaluation logic to explain PrOE validation, which stems from the user behaviour 

model shown in Figure 7. Through the 3D virtual simulation, results can be obtained 

for the PrOE, such as which part is improved in terms of end-users or clients.  
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Figure 7. Concept process of 

a test-bed 3D simulation for 

PrOE 

 

CONCLUSION  

This study examined spatial 

evaluation methods and a 

simulation implementation 

plan based on three factors: 

"User," "3D Space," and 

"Action." However, it 

addressed the theoretical aspects only, which concluded that spatial evaluation can be 

performed through simulation. The preliminary conclusion is that if spatial evaluation 

simulation is conducted based on the theoretical research proposed in this study, 

effective results could be obtained. In addition, it may be applicable to diverse fields 

thanks to the flexibility and extensibility of the methodology. 
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