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ABSTRACT 

Advances in computer science and information management increasingly allow built environment professionals 

to envision the day when there will be ‘cradle-to-grave’ modelling of buildings. This will involve measurement 

and storage of multiple and diverse variables in large datasets composed of meta, hard, and soft data (collectively 

known as ‘Big Data’) during a building’s lifespan. It will also necessitate sophisticated graphical user interfaces 

for various users to easily access datasets about a building in successive stages of its life. Some stages might 

include design and engineering on behalf of clients, construction and management on behalf of the building 

industry, and continuous responsive post-occupancy evaluation and space planning on behalf of end users. This 

paper begins to explore this data-driven future by pursuing a collaborative approach amongst multispecialty 

clusters of the built environment at Qatar University. The purpose is to attempt to 1) develop a methodology 

spanning from pre-construction Building Information Modelling (BIM) to hard/soft data tools common in post-

occupancy evaluation such as space use, movement, and thermal comfort measurement of end-user satisfaction 

and 2) test out the effectiveness of space syntax as a foundational technique in perhaps better uniting such disparate 

data sources from pre-construction for design evaluation to post-occupancy for user experience. This paper 

primarily focuses on the results of post-occupancy evaluation for the second purpose. The study detected a 

consistent relationship between sitting and interacting in common areas of the building independent of spatial 

layout (in terms of area and/or integration) and a consistent but weak relationship between spatial layout and 

movement in the entire building primarily due to the strongly programmatic nature of classrooms and student 

schedules. 
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INTRODUCTION 
Researchers have been using space syntax theory, modelling, and observation methods to objectively quantify and 

better understand the design and functioning of different types of buildings for decades (Hillier and Penn, 1991; 

Hillier, 1996; Hillier et. al., 1996; Hanson, 1999; Sailer et. al, 2016). This includes the role of programme (“the 

spatial dimension of an organisation”) and interface (“the spatial relation between or among two broad categories 

of persons or objects representing persons” such as a desk or seating) in long and short models of spatial structure 

(Hillier, 1996; 198). As Hillier (1996) states: 

“A strong programme exists in a building when the interface or interfaces constructed by the building have a long 

model… where everything that happens is programmed in advance in order to structure the interfaces that must 

occur and inhibit all others… and a short model set-up… (where) the function of space is to be creative by 

facilitating and extending the network of unprogrammed encounters necessary to… generat(e) new patterns of 

social relationship (198-201).” 

A long model of building space will be strongly programmed based on a reproductive mode, which tends to 

conserve or reinforce existing social structures and roles of an organisation as specified in the spatial layout. A 

short model of building space will be generative in nature based on a productive mode, which tends to facilitate 

social interactions and relationships in the spatial layout by overcoming such social structures and roles despite 

their continual and necessary existence for an organisation (Hillier, 1996). On these terms, university buildings are 

a particularly interesting case study to better understand the interplay between the social and the spatial in the built 

space of an organisation. Long and short models of space tend to simultaneously characterise many university 

buildings by linking together different types of programmed rooms such as classrooms, laboratories, and offices 

with a wide variety of generative spaces including corridors, commons areas, and open-space studios. 

Recently, the Comfort and Use in Building Evaluation (CUBE) study in the Department of Architecture and Urban 

Planning, College of Engineering at Qatar University (QU) took one of these university buildings as a case study 

for a demonstration project about the capabilities of space syntax in post-occupancy evaluation for the purposes 

of Building Information Modelling (BIM). BIM is digital representation of physical and functional characteristics 

of a building in two and/or-three dimensions. CUBE represents a multi-year research strategy to generate data 

about movement, space use, and thermal comfort on an incremental building-by-building and year-by-year basis 

of university building facilities. The long-term goal is to develop a comprehensive dataset about post-occupancy 

use and comfort for application in BIM on behalf of the QU Campus Facilities Department and deploy space 

syntax as a design tool in the evaluation of new building designs, design interventions for existing buildings, and, 

eventually, campus master planning. The objective is to provide an analytical basis to better promote student 

performance and faculty research collaboration and innovation based on movement, casual social interaction, and 

healthy work environments in a world-class campus of higher education. 

This research strategy proposes post-occupancy evaluation using space syntax of (in order): Women’s Engineering 

Building; Building of Arts, Sciences and Engineering (ASE) Corridors; Female Food Court Building; Main Library; 

College of Business and Economics; Women’s QU Foundation Building; and, the College of Sharia Law. Once 

the dataset is established for these core buildings on the campus, researchers intend to expand the study to the 

urban level including evaluation of the impact of the new Qatar Rail station on patterns of pedestrian and vehicular 

movement on the campus. The QU Women’s Engineering Building is the first case study of the demonstration 

project (Figure 1). The building is located in the heart of the female campus. The main atrium and northeast wing 
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access points face the Activity Center and College of Art and Science. The southwest axis access point faces the 

Food Court Building whereas the other end of the corridor leads to the ASE Corridors, which currently constitutes 

the largest building in terms of metric area for the Colleges of Arts and Sciences and College of Engineering at 

Qatar University. The three secondary wing access points to the north of the building face the College of Sharia 

Law and faculty/staff parking spaces.  

Figure 1. (left) Exterior view of the QU Women’s Engineering Building from the Female Food Court Building and (right) interior 

view of ground floor central axis looking towards the southwest in the QU Women’s Engineering Building (Source: Authors). 

The students regularly utilize the building’s strategic location as a transition space between different buildings, 

taking advantage of its many entrances in all directions, whereas other students use the large provision of study 

areas, printing rooms, or seating areas available inside the building. Currently, the building houses the faculty, staff, 

and students of Department of Architecture and Urban Planning (DAUP) and Department of Mechanical and 

Industrial Engineering (DMIE) in the College of Engineering (CENG) as well the QU Office of Associate Dean 

for Student Affairs. It includes two auditoriums and one (largely unused) rooftop amphitheater (refer to plans in 

Figure 2 below). It has three (3) elevators though one (1) in the southwesterly portion of the building remains 

inaccessible for general use unless the other two elevators are inoperative. In addition, the Women’s Engineering 

Building provides flexible classrooms for some QU Foundation Studies courses especially in the west wing. 

Separate wings characterise the building: three, four, or five wings depending on the parsing of boundaries between 

them based on either access points (i.e., perimeter surface at ground level), building volume (i.e., three-dimensional 

massing), or access/distribution from the main axis bisecting through the centre (i.e., building circulation). Access 

to these wings including G+1 is available via doors/stairways at the edge of each wing. The main entrance of the 

building leads to a large central atrium consisting of self-study zones away from the main movement flows. 

Vending services are available to students in several locations along the (more or less) west-to-east central axis of 

the building. The ground and first floor levels of the outer wings consist of classrooms, studios, and laboratories 

whereas the internal central wing mainly consists of offices. Most classrooms are located along the exterior walls 

of the building in the outer wings whereas service functions such as mechanical rooms, pantry spaces, and 

restrooms characterise more internal areas of the building. The building possesses two auditoriums at ground level 

and an outdoor roof amphitheater accessible via a mezzanine floor. The design of the building includes outdoor 

courtyards shaded most of the time by the height of the building itself except between 11 am and 1 pm. The design 

provision of the courtyards is primarily to increase the amount of natural light entering the offices and classrooms 

along the perimeter surface of the building. The courtyards have little if any functional value beyond this purpose. 

However, students do tend to make more extensive use of a large northeastern courtyard space between the 

Women’s Engineering Building and ASE Corridors for stationary occupation, gathering, and outdoor eating if the 

weather is pleasant. Students only tend to use other surrounding open spaces of the building for movement 

transition between various campus buildings. This includes a large unused lawn to the southwest of the building 

(refer to Figure 1). 
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ABOUT THE RESEARCH METHODOLOGY 

The study involved two rounds of direct observation in February and October-November 2018. The hot and arid 

climate of the desert environment in the State of Qatar on the Arabian Peninsula has a direct bearing on seasonal 

use of university buildings. The exterior climate during these two rounds of observations were sunny, pleasant, 

and 21-25º C in February and sunny, warm, and 34-28º C in October/November. This observation study included 

a survey of building program (i.e., original design intent) and use (i.e., adaptive re-use) for 170 spaces on three 

floors. However, all but ten (10) of these spaces are located on the ground and first floor. The study excluded a 

small mechanical basement area (G-1) accessible from the northeast wing. The study also included entry/exit 

counts at seven (7) access points to building excluding the ground level fire exits from the auditoriums, 2nd floor 

(G+2) access to the rooftop amphitheater, and the rarely-used access point to the mechanical basement area (G-1). 

Based on these two-minute counts at the top and bottom of each hour from 7:00 am to 5:00 pm – representing an 

entire day of entry/exit in the building – researchers project that the Women’s Engineering Building has 

approximately 12,000 users per day; the overwhelming majority (91%) being female students. Based on these 

entry/exit counts, ten-minute movement trace observations were made for a typical one hundred (100) people 

during the first ten minutes of their visit or until reaching a destination (whichever came first) from each access 

point calibrated for the observed level of use for entry/exit at that door. Non-programmed static use observations 

of over 750 people based on the static snapshot technique were conducted for standing, sitting, and interacting 

people in all common areas during an entire day from 7:00 am to 5:00 pm. Classrooms and offices were excluded 

from the observations of static occupation and interaction since researchers were primarily interested in 

quantifying and illustrating the pattern of non-programmed occupation of the building in common areas. Finally, 

direct counts of moving people based on the gate observation technique were made at 112 locations in two-minute 

counts at the top and bottom of each hour from 7:00 am to 5:00 pm representing an entire day of movement flows. 

However, the main atrium elevators and east staircase were closed during this stage of the observations due to rain 

damage in Fall 2018.  

Figure 2. (a) Survey of design program and (b) adaptive use in QU Women’s Engineering Building, February 2018 (Source: 

QUST-2-CENG-2018). 

BUILDING PROGRAM AND USE 

The survey of building program and use demonstrates an over-allocation of classrooms and under-allocation of 

offices/laboratory spaces in the original program (Figure 2). Of course, it might have always been the intent of the 

architect and/or the university that classroom spaces were easily adaptive for different uses. Several classrooms, 

three (3) common areas on the 1st floor (G+1), and even some storage closets/large storage spaces were adapted 

into laboratory and office spaces over the ten years of the building’s lifespan. Partition walls along the corridor 

accommodate additional faculty offices on the first floor. One common open space on the ground floor became the 
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DAUP second-year studio space. There are now ten (10) laboratory DAUP/CENG laboratories in the Women’s 

Engineering Building. There is generally regarded to be a lack of storage space in the building. In no small part, 

this is due to the conversion of programmed storage spaces into other functions, e.g., offices/laboratories. Two 

new uses were also integrated in the programmed design to meet the needs of the users. A programmed meeting 

room was converted into a security space with a front desk due to its strategic location at the nexus of the main 

atrium and central corridor on the ground floor. Students have also adapted a common area on the ground floor in 

the northeast wing as a prayer space, which is nearer to more classrooms for easier accessibility. Students tend to 

move furniture around to create individual study areas in more quiet spaces like the area under the central staircase 

in the main atrium or the east end of the main corridor on the first floor. When an event is taking place in the main 

atrium, students tend to move seating normally located in the main atrium to more active circulation spaces such 

as the main corridor on the ground floor. No such event took place during the observation study. 

MOVEMENT AND SPACE USE 
In the Women’s Engineering Building, most users are female students (91%). By comparison, there is only a small 

number of faculty, security, and service users of the building. Entry and exit movement is skewed to the 

southwesterly portions (shaded in grey in Figure 3) of the building due to the contextual relations of the building 

to the QU Female Food Court across the street to the southwest, simple in/out movement of students (including a 

large number of Foundation Studies students) to classrooms in the west wing, and cut-through movement from the 

main atrium to the west/southwest and along the principal east-west axis of the building (Figure 3).  

The west wing has a high level of 

use due to simple in/out movement 

to classrooms in that wing. Several 

foundation courses occur in the 

west wing. Given it is the main 

entrance, use of the main atrium 

access point occurs less frequently 

in relative comparison to entry 

points in the west wing and main 

corridor axis in the southwest. 

However, some students have a 

habit of using main atrium access as 

a cut-through from main atrium to 

west/southwest and the principal 

west-east axis in the building. There 

is a strong probability that a portion 

of these students are only passing 

through the Women’s Engineering 

Building on their way to somewhere 

else on the campus especially 

during hot/warm weather months. 

Qualitative observations suggest 

that the warmer the weather, the more likely students will pass through the building between the Female Food 

Court to the southwest and the ASE Corridors to the northeast in either direction. These layout biases are readily-

apparent in the movement traces of a typical 100 people during the first 10 minutes of their visit calibrated for 

Figure 3. Entry/exit counts at seven access points on the ground floor of the QU 

Women’s Engineering Building (Source: QUST-2-CENG-2018). 
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levels of use at each access point on the ground floor (Figure 4). The movement rates of users in the building vary 

during different times of day. The peak hours for entries occur between 10:00 - 11:00 am at the starting time of 

classes and 2:00 pm at an end of a break when students return to classes. Entry/exit counts indicate the number of 

people entering is much greater than exits during this time in the building. After this point until the end of most 

classes between 4:00 and 5:00 pm, the number of people exiting was nine times greater than entries in the building. 

Unsurprisingly, although the building continues to operate until 8:00 pm, the number of users dramatically 

decreases after 5:00 pm compared to other times of the day. The traces illustrate several features such as the 

importance of the central corridor of the building as the main axis in gathering and distributing user movement. 

The movement traces during the first 10 minutes of a visit for a typical 100 people show a strong tendency for 

most users to use the central corridor as the primary connection between all areas and spaces of the building to one 

degree or another, which closely resembles the pattern of movement throughout the entire day. Even with a similar 

layout, the first floor of the building has lower movement rates due to the change in section. However, the central 

corridor on that floor also maintains a relatively constant flow of movement in gathering and distributing 

movement in a similar manner to the ground floor. All stairs and elevators are heavily used for transitions between 

floors. The exception is the grand staircase from the main atrium to the west wing. Most users tend to use vertical 

transition most adjacent to their ultimate destination. This grand staircase is not immediately adjacent to any 

classrooms; only service and mechanical areas. Even though it offers a more direct route from the main atrium 

entry to the 1st floor of the west wing, students tend to prefer the atrium staircase adjacent to the elevators and the 

elevators themselves, probably because this route is more or less the same distance and the probability of chance 

encounters with other students/friends is greater especially in the main atrium itself due to the study areas located 

adjacent to the elevators and 1st floor mezzanine common study area. 

Figure 4. March 2018 movement traces and non-programmed stationary space use in QU Female Engineering Building. Image: 

CUST-2-CENG-2018 (Source: QUST-2-CENG-2018). 

Unsurprisingly, non-programmed static use in the building tends to occur 1) adjacent to main movement flows and 

2) in common areas where there is seating available (Hillier et al, 1996). This leads to a high concentration of user
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interaction in the main atrium, central corridors, and common areas on the southerly side of the building. 

Conversely, a minimal number of interactions occur on the northern side of the building as a natural response to 

the quieter nature of programmed functions in these areas (classrooms and offices) and more general lack of seating 

in common areas on that side of the building. A comparison between the spaces of the main atrium provides another 

interesting contrast in the type of interactions occurring in subtly different spaces. Students tend to be more 

interactive (i.e., talking in small groups) in the areas adjacent to the east elevators and staircase. There is almost 

no interaction on the opposite side of the main atrium adjacent to a primary movement flow. Both locations are 

well-lit by natural light. However, there is a drop ceiling in the location where most interaction occurs due to the 

1st floor mezzanine above this area in the building. There is also greater convex depth in the shape of the common 

areas on this side of the atrium. Both factors tend to marginally limit visibility into these common areas. This 

layout in two- and three-dimensions (and more flexible alternatives in furniture layout) probably helps to large 

degree in activating these spaces for stationary space use by students. Conversely, the seating on the other side of 

the atrium is in direct contact with the flow of people going in/out of the building and highly visible in section 

across all three floors. Collectively, this tends to make this seating area more exposed in terms of 

visibility/movement and less quiet. There is a ambient sound quality difference between these spaces, which is 

qualitatively distinctive without the need for precise measurement. A similar phenomenon on a smaller scale 

appears to occur in the auditorium foyer spaces with more interaction occurring where there is more convex area 

depth away from the main movement flow passing through this space. There are lower levels of movement and 

stationary use of the 1st floor mezzanine and even less on the smaller 2nd floor mezzanine. There also appears to 

be a degree of correspondence with furniture comfort in different locations. More comfortable furniture tends to 

correspond with busier areas/more interaction whereas tables and chairs characterise quieter spaces and 

conversations for study purposes. The thermal conditions on the 2nd floor mezzanine floor is another factor 

influencing people’s use of that space. It is readily observable that faculty and students rarely the utilize the 

common/special function area on this mezzanine floor except during the cool winter months. Similarly, students 

tend to avoid the common spaces on the ground and first floor facing south and west with glass curtain walls during 

summer. 

Figure 5. (left) Correlation with movement levels and (right) PESH model of axial lines (i.e., linear strips) and convex spaces in 

the Tate Gallery-Millbank (Source: after Hillier et. al., 1996). 

MODELLING TECHNIQUE AND DISCUSSION OF FINDINGS 
Researchers constructed a space syntax model of the QU Women’s Engineering Building and correlated several 

variables (e.g., movement, sitting, standing, interacting). Based on previous research, a space syntax model 

combining axial lines (e.g., linear strips) and convex spaces (i.e., a PESH Model) proved effective accounting for 
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nearly 70% of movement flows (R^2=0.68) in the Tate Gallery, Millbank. This correlation totalled all movement 

across thresholds into gallery rooms and divided by two (i.e., any person who enters a room also exits that room) 

(Figure 5) (Hillier et. al, 1996). The software limitations of DepthMapX prevented this type of modelling. 

Researchers developed a workaround based on Major’s (2001, 2018) weighing technique for building constitution 

in Savannah, Georgia, USA. This involved constructing a PESH model of the layout in the QU Women’s 

Engineering Building in a drawing program. Researchers then drew an axial map of the spatial layout with 

weighing for each convex space represented as an axial line for processing purposes. A single axial line weighing 

was enough to make all connections for every convex space for most of the spatial layout (90% or 153 spaces). 

Double loading was necessary for seventeen (17) spaces to encompasses all connections in that space. All 17 serve 

as critical thresholds associated with primary and secondary corridor axes on the ground and first floor and/or 

convex spaces of large metric area such as the auditoriums and main atrium (Figure 6). The axial map was then 

processed and the color distribution translated back into a PESH model in the drawing program (Figure 7). This 

modelling technique workaround was necessary to better visualize the spatial pattern of integration in the building 

in line with previous research (Hillier et. al, 1996). 

Figure 6. Plan of the QU Women’s Engineering Building showing the location of the convex spaces requiring double-loading 

weighing (in grey) on the ground and first floors in the processed axial map (Source: QUST-2-CENG-2018). 

The resulting space syntax models (by individual floor and the whole building connected via vertical transitions) 

appears to provide a very realistic picture of actual levels of movement and use in the QU Women’s Engineering 

Building. This includes the critical importance of the primary corridor axes on the ground and first floor, the main 

atrium itself, and the secondary axes in each wing of the building. The model also picks out the southwesterly bias 

in the spatial layout (i.e., cut through linear route from the main atrium entry via the auditorium foyer space to the 

west wing) observed in the movement traces of people during the first 10 minutes of their visit to the building 

(Figure 8). 
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Figure 7. Unprocessed space syntax model of the QU Women’s Engineering Building showing axial lines (in blue) and convex 

space weighing (in yellow) in the axial map (Source: QUST-2-CENG-2018). 

Figure 8. Space syntax model of global integration for (above) individual floors and (below) all floors in the QU Women’s 

Engineering Building (Source: QUST-2-CENG-2018). 
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 Initially, movement data was attributed to 

the only axial lines, which provided 62 data 

points for a correlation. The results were a 

poor relationship between axial layout and 

movement flows in the entire building 

(R^2=0.33, p=0.001). 8 Correlations by 

individual floor were insignificant. We then 

attributed movement flow data to the 

average of the axial line and the underlying 

convex space associated with the 

observation gate, which provided 98 data 

points for a correlation. This demonstrated a 

more consistent but weak relationship 

between integration (r=n) and movement 

flows (R^2=0.377, p=0.001) in the entire 

building (Figure 9). The lack of a stronger correlation appears to be due to a stark contrast between the 

overperforming, strongly programmed spaces (i.e., classroom usage driven by student schedules) in the west and 

east wings of the building with integration values in a range between 1.3 and 1.5 and underperforming spaces 

associated with the administration/department offices in the central wing with integration values between 1.3 and 

1.6. This appears to make sense when considering the weak relationship between global (r=n) and local integration 

(r=2) in the entire building (R^2=0.47, shaded in orange below). This suggests that each wing of the building in 

spatial terms tends to operates almost like an individual building in a highly localized manner, especially the west 

and east wings due to the 

strongly programmed nature of 

classrooms in this part of the 

building (Table 1). This suggests 

movement is either highly 

localized to individual wings or 

strongly characterized by 

through movement in the entire 

building due to the lack of direct 

connections from wing-to-wing 

except via highly integrated 

spaces such as the central 

corridor axis on each floor. 

In terms of static occupation and interaction in the common areas of the building, global and local integration are 

not related to metric area, which is a consequence of integrated, small threshold spaces mediating the three-

dimensional scale of architectural space between the different wings of the building in relation to the main axis on 

each floor. In the common areas, there are a few big spaces and a lot of small spaces, most of which are thresholds 

and/or adjacent activity spaces, which means there is a lot of spatial differentiation. Overall, this suggests design 

8 We adopt strict parameters for correlations between variables in the interests of academic rigour. Namely, a strong relationship between variables s is 

a linear correlation with R^2 value of 0.500 or greater where the p value is small, i.e. less than 0.01 or 0.001. When the term ‘weak’ is used, it means 
there is a R^2 value between 0.35 and 0.50, where p<0.01. When the term ‘poor’ is used, it means the same as no relationship, i.e. R^2 value of less than 

0.35. 

Figure 9. Correlation between integration (average of axial line and 

underlying convex space) and Log of Average Movement per hour. 

(Source: QUST-2-CENG-2018). 

Correlation Matrix between Variables in Common Areas

R^2 Sitting Standing Interacting Global Local Area

Sitting   0.377 0.682 0.025 0.060 0.308

Standing     0.170 0.112 0.129 0.437 

Interacting       0.110 0.004 0.274 

Global         0.470 0.076 

Local           0.264 

Area 

Table 1. Correlation matrix between several variable in the common areas with 

exception of correlation between global (r=n) and local (r=2) integration for the entire 

building (shaded in orange) (Source: QUST-2-CENG-2018). 
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of the entire building in two- and three-dimensional terms is reasonably successful in making way-finding 

intelligible to end-users. 

Sitting and interaction strongly relate (R^2=0.682) in the building (shaded in green in Table 1). This largely 

appears to be an independent consequence of spatial layout since there is an insignificant relationship between 

sitting and integration. There is a poor relationship between sitting and area (R^2=0.308). While there does tend 

to be more seating in larger areas, metric area is not the determinant factor, i.e., there are more places to sit therefore 

more interaction. The provision of seating is the more important factor itself. Students interact where there are 

places to sit. Interaction in the ground floor lunch space and area adjacent to the main corridor (both with vending 

machines) and the below stairs ground floor study area adjacent to the main atrium overperform for their degree 

of integration in the building. However, the relationship between sitting and interaction remains significant when 

spaces containing ‘attractors’ such as vending machines are removed from the correlation (R^2=0.640). Sitting in 

the auditorium foyer space also appears to overperform for its degree of integration, which is a consequence of its 

convex depth and provision of seating. Standing appears be weakly related to metric area of the space, i.e., there 

is more area, so more space for people to stop (R^2=0.437 shaded in yellow in Table 1). However, the large area 

of the main axis on the first floor appears to underperform for its degree of integration, which suggests this might 

be an artifact of the data collection method for static activity. Finally, sitting and standing have a weak relationship 

(R^2 = 0.377) in the common areas, which makes sense since students frequently stop for brief conversations with 

fellow students and faculty in the common areas. 

THERMAL COMFORT AND BIM 

Researchers always anticipated limited outcomes for the Thermal Comfort (Dr. Madhavi Indraganti: QUST-2-

CENG-2018-4) and BIM (Dr. Ahmad Mohammad Ahmad: QUST-2-CENG-2018-8) Cluster components during 

this initial demonstration phase of the research project. Though there has been an earlier study of thermal comfort 

of office building occupants in the Gulf Cooperation Council (GCC) countries, there have not been any studies 

reporting about environmental satisfaction and thermal comfort in educational buildings of the GCC (Indraganti 

and Boussaa, 2018). For the thermal comfort component, researchers hypothesized there would be negative results 

related to spatial layout except in the grossest terms using space syntax modelling. Qualitative research (i.e., soft 

data) already demonstrated an observed effect on thermal comfort due to boundary shape in plan (i.e., by wing) 

and building mass in section (i.e., by floor). For example, it was already observable that faculty and staff rarely 

utilize the 2nd floor common/special functions area (G+2) of the QU Women’s Engineering Building except during 

the cooler winter months. Researchers in this cluster conducted a survey of building users about their thermal 

comfort preferences and responses. This survey consisted of more than twenty (20) questions on iPads linked in 

loops where the exact questions depended on specific responses in the loop offered by surveyed people (mostly 

students but also including some staff and other users between the ages of 18 and 70 years old). There were one 

hundred and sixty-five (165) responses about less than a dozen spaces in the building. The data constituted thermal 

measurements of the environment and simultaneous thermal satisfaction and air quality perceptions of the 

building’s occupants. During this survey in October-November 2018, the central air conditioning system 

controlled the indoor temperature between 18-25°C. Most subjects (55.1%) reported beyond the central three 

categories of the ASHRAE thermal sensation scale, meaning the indoor environment was poorly calibrated to 

outside conditions for most people. Nearly forty percent (38.2%) of subjects felt ‘cold discomfort” and about the 

same amount (37.6%) did not consider the indoor thermal conditions of the building acceptable at the time. Most 

subjects also were dissatisfied with the indoor air quality. This seems to confirm that overcooling does not yield 

higher environmental satisfaction in users of buildings in hot climates, which is counterproductive to the objective 

of sustainable built environments and the goals of Qatar National Vision 2030 (Ministry of Municipality and 
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Environment, 2016). 

Unfortunately, while this sample size may provide enough variety about the egocentric responses of individual 

users for thermal comfort about some rooms in the QU Women’s Engineering Building, there is insufficient spatial 

differentiation about the building itself to effectively attribute these survey results to any space syntax model. This 

means relying on qualitative assessment of this dataset for translating into any design recommendations about 

thermal comfort. It will also tend to emphasize the calibration, operation, and maintenance of VAC systems on an 

area-by-area and floor-by-floor basis in the building. Nonetheless, this remains an important part of the study 

because Qatar ranks highest in the world in per capita CO2 emissions and per capita total primary energy supply 

(IEA, 2017). The built environment accounts for 57.5% of the nation’s energy use and providing comfortable 

indoor environments via heating, ventilation, and air conditioning (HVAC) accounts for as much as 70-80% of all 

building energy. There is research that suggests adaptive thermal comfort (ATC) model has great potential for 

reducing energy consumption by better synchronising the indoor and outdoor conditions (Nicol and Humphreys, 

2002; de Dear and Brager, 1998). Collectively, these preliminary results based on the qualitative data might suggest 

the importance of boundary transition zones to buildings (i.e., arcades, cloisters, and entry foyers) both for thermal 

comfort and energy consumption as well as movement and space use due to quantitative observations of cut-

through movement in the QU Women’s Engineering Building. By definition, this is movement on the way from 

somewhere to somewhere else on the campus other than the building itself. This might point toward design 

recommendations for adding to building boundaries (i.e., deep facades) as climatic transition zones in new 

university buildings and adjusting existing buildings through design alterations on a systematic, incremental 

building-by-building basis. This would have the added benefit of increasing shaded areas for students and 

promoting walkability on the Qatar University campus. This is like the design strategy pursued for covered, non-

climate-controlled arcades adjusting the boundary shape of buildings in the new Msheireb Downtown Doha project 

in Qatar (Figure 10). 

For the BIM Cluster, researchers 

anticipated more process-oriented results 

in terms of accessing the available records 

and current capabilities of the QU Campus 

Facilities Department. This included 

developing data collection and modelling 

protocols for future applications in 

Building Information Modelling with 

space syntax serving as a base resource to 

anchor disparate datasets especially for 

(eventual) real-time, post-occupancy 

evaluations of university buildings. 

Currently, the capabilities of the QU 

Campus Facilities Department are 

minimal. They do not possess computer models from architects/contractors of existing and/or proposed university 

building and hard copy materials (e.g., architectural, engineering, and construction drawings) of university 

buildings are scare. Qatar University also does not seem to require architects/contractors to submit 3D computer 

models as part of the bidding process for new university buildings. What this means is developing protocols for a 

comprehensive BIM strategy on behalf of Qatar University and its Campus Facilities Department (including 

personnel capability) to enable monitoring/data collection from pre-design to construction to post-occupancy 

Figure 10. Design of covered, non-climate-controlled arcades adjusting the 

boundary shape of buildings in new Msheireb Downtown Doha project in 

Qatar (Image: Authors). 
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evaluation. This most likely will include further demonstration projects to construct ‘as-built’ 3D computer models 

of university buildings using Laser 3D scanner technology in concert with the Department of Architectural and 

Civil Engineering in the College of Engineering where similar endeavors are already underway. 

CONCLUSION 
Building on decades of research, space syntax would appear to be an effective base model to tie together disparate 

data sets about the built environment in Building Informational Modelling (BIM) if that data is anchored to 

locations in space with enough spatial differentiation. However, much more work remains to be done on this front. 

Space syntax PESH models (axial lines plus convex spaces) appears to provide a realistic picture of movement 

and space use patterns in the QU Women’s Engineering Building though not as clearly as previously discovered 

in the Tate Gallery-Millbank project (Hillier, et. al, 1996). This potentially offers a powerful tool for post-

occupancy evaluation studies but clearly space syntax researchers need and should be more intimately involved in 

developing BIM protocols (which is currently lacking in the case of Qatar University) on behalf of industry clients 

at the pre-design stage. Despite the limitations of this study, there is enough evidence to suggest that post-

occupancy evaluation based on spatial parameters can provide useful recommendations for understanding and 

(potentially) adapting existing buildings and designing new buildings on behalf of their end-users. 
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