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Housing research is undertaken from different perspectives, resulting in a breadth of positions as 
to what should be studied. Most researchers of housing are grounded in one of the meta-fields of 
the social sciences, philosophy, and architecture. Often, discourse within each meta-field takes 
place as if the world outside of it is a vacuum, and as if nothing can be gleaned by broadening 
the scope of the debate through engaging other perspectives. 
 While this is the general state of housing research, there are researchers who have done 
an admirable job of bridging the different meta-fields. Examples would have to include Rapoport 
(1969, 1985, 1990, 2000), Lawrence (1987, 1993, 1995), and Porteous (2001). While it is 
possible to add other scholars to this short list, it will be obvious that those listed would 
constitute a distinct minority of housing researchers. 
 It is therefore not a surprise that there is little truly inter-disciplinary housing research, 
and that this stunts our understanding of the role of housing in personal life and societal 
structures. It also makes it harder to articulate what really constitutes housing research and, more 
importantly for those at the interface of design and research, to conceive with clarity the true 
nature and role of the material aspects of housing. In the rest of this paper, I will use ‘house’ to 
denote the material form that is at the core, though this has variously been called ‘home’ and 
‘dwelling’ (Lawrence, 1987). I will borrow Saegert’s (1985) definitions of ‘home’ and 
‘dwelling’ both for their elegance and the clarity with which they distinguish these two terms 
from ‘house’. Dwelling “describes the physical, social, and psychological transactions” that help 
a person gain “a sense of identity and place in the world. The extent to which a person’s 
experience of housing shares this intimate quality depends on all the social, physical, and 
psychological factors that anchor people in places” (p.288). Home is a “location in which 
significant activities of daily life are conducted” (p.289). 
 The lack of inter-disciplinarity in housing research gives it a dual nature; its profundity is 
only matched by its disconnectedness. Again, I am not staking out a new claim as this has 
already been stated elsewhere and by more established scholars (Lawrence, 1987; Rapoport, 
2000). This paradoxical state of housing research makes it hard to condense terms that are 
ubiquitous no matter whether the researcher has a background in the social sciences, architecture, 
or philosophy: for example, ‘housing’, ‘house’, ‘home’, and ‘dwelling’.  
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 This paper has 2 major sections. In the 1st section I will describe the study on user 
preferences for materials and houses. In the 2nd section I will describe a way analyzing interior 
layouts that could be coupled to a study on house preferences. In the conclusion, I will tie the 2 
studies together and propose an integrative methodology for combining elements of the 2 
sections. 
 In the 1st section I will describe housing research within the meta-field of the social 
sciences given the breadth of the fields in it: for example, ‘housing studies’ or the sociological 
field, environment and behavior studies, and environmental psychology. I will note the positions 
the different fields take on the following issues; housing theory, materials, and the house. I will 
also briefly mention precedent studies that have approached housing innovatively, and especially 
those that I found useful for my research design. 
 The 2nd section will mirror the 1st, the difference being that I will use the meta-field of 
architecture, and more specifically the field of ‘space syntax’ to describe how people in the 
research site currently use their domestic spaces. 
 
I. USER PREFERENCES OF MATERIALS AND HOUSE DESIGNS 
Housing theory 
There are many different approaches taken by housing researchers from social science 
backgrounds such as sociology, environmental psychology or people-environment studies 
(Graumann, 2002), environment-behavior studies (EBS), geography, economics, political 
science, and history. Of the aforementioned, EBS, environmental psychology, and sociology 
have been the ones in which researchers have made the most concerted efforts to develop 
housing theory. 
 
Sociological  
While there are several approaches to housing research that can trace their epistemological 
foundations to sociology, I will limit myself to discussing ‘housing studies’. In ‘housing studies, 
researchers identify with several perspectives, such as social constructionism, sociological 
realism, and contextualized rational action (Kemeny, 1992; Somerville and Bengtsson, 2002). 
The unifying thread in ‘housing studies is the conception of the object of study; society itself 
rather than the house, for example.  
 In ‘housing studies’ researchers deal with housing policy, and are uninterested in housing 
as a physical object or in the processes of house production. Consequently, much of ‘housing 
studies’ is temporally located after the house is already in place. Franklin (2001, p.80) would be 
an exception to this prevailing trend. However, her effort to bring together the “theorization of 
housing research and considerations of housing as a built form” failed to adequately address the 
extant theories of housing that are not within ‘housing studies.’ ‘Housing studies’ researchers 
would do well to heed Maclennan and Bannister (1995, p.1581) who caution that “a key 
characteristic of housing is its durability and, once constructed, locational fixity. Housing 
research, therefore, has to deal with the real dimensions of time and space – dimensions which 
are often disregarded in the theoretical simplifications of mainstream social sciences.” 
 
EBS 
Research in this field has tried to provide academics and designers with explanatory theories of 
the built environment, rather than the normative theories typical in design discourse. EBS 
researchers have tried advancing either theoretical knowledge, or methodology (Lang, 1987, 
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p.24) more responsive to user needs. Most EBS research is based on “one epistemological 
assumption: that science provides the only reliable way of acquiring knowledge” (Rapoport, 
2000, p. 146). 
 Rapoport (1969) was an early voice in calling for designers and academics to focus 
beyond functional aspects of houses in order to appreciate certain socio-cultural values and ideas 
that impact the use and design of houses. Lawrence (1987, p.77) notes that many researchers 
since Rapoport 1969 have “apparently ignored, or rejected, Rapoport’s overriding note of 
caution” and over-emphasized the primacy of cultural factors in the design and use of houses. 
Consequently, “the emphasis given ‘sociocultural’ factors has led to a lack of consideration of 
the spatial order, the construction materials” (p. 28) and the physical aspects of houses, 
undermining efforts to better theorize the physical elements of ‘home’ and ‘dwelling’. 
 One way researchers have tried to remedy this is by studying the interaction between the 
making of meaning and the uses of houses. This reverses the tendency for many EBS researchers 
to pay too little attention to the processes of house design and production, and the effects 
individual and societal values had on the perceptions and, eventually, the expressed preferences 
of the users. Indeed, though “housing has been the object of serious research and public concern 
for almost a century in the U.S.A.; yet housing preferences, probably the most fundamental 
building block of housing analysis, are still poorly comprehended. Even though, as decisions 
made by the consumer, preferences are centrally responsible for the initial development of 
‘meaning’, way before ‘use’ plays a role” (Arias, 1993, p. 10). 
 
Environmental psychology 
Cooper’s (1974) exploration of the interaction between the house and symbolism had a 
significant impact on researchers in this field. Since then, there has been a lively discussion 
among researchers about ‘meaning’, ‘use’, and even what level or scale to apply them 
(Francescato, 1993; Nasar, 1989; Csikszentmihalyi and Rochberg-Halton, 1981). For instance, 
Csikszentmihalyi and Rochberg-Halton approach the ‘home’ and domestic symbols from the 
context of the role they play in the cultivation of self. Nasar studied the connotative meanings 
that two different groups of people, architects and the public, inferred from various styles of 
houses. Allied to these studies is research on place-identity processes (Proshansky, 1995; Canter, 
1977; Twigger-Ross and Uzzell, 1996), or theories of place. Later discussions on place (Groat, 
1995; Sixsmith, 1995; Lawrence, 1995) have tried to deal with a deficiency common to the 
earlier studies on place; there was “limited attention to people’s actions…and almost none at all 
to the objective physical environment which architects have to manipulate” (Groat, 1995, p.3).  
 These studies and a later article by Cooper-Marcus (1995) address the interface between 
‘home’ and emotional attachment that had been barely touched by the bulk of EBS research. In 
the context of housing research, it may be useful to think of this body of work as concerned with 
exploring the “interaction of people with their residential environment, including perceptual, 
affective and symbolic processes that may not necessarily be related to actions” (Francescato, 
1993, p. 42). 
 
Materials  
There is an acute paucity of research on materials in all the social science approaches that I have 
mentioned thus far. Further, much of the content in this small body of work tends to be 
theoretical or speculative, rather than empirical and driven by an interest in the role materials 
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play in shaping the dwelling process. Generally, there is a dearth of studies devoted to 
substantive and non-technical materials research.  
 Research on materials and the role they play in the construction of the ‘house’ and 
‘home’ has been non-existent in ‘housing studies’ or the sociological discourse. In contrast, there 
is more research in the EBS framework on materials, though it hardly forms a sizable corpus. An 
example of a researcher working within the EBS perspective is Kaitilla (1994, p.661), who 
proposed that “when choosing building materials, most people strive to fulfill tangible, 
intangible, and environmental variables.”  
 Materials research in environmental psychology has shed more light on the perceptual 
attributes of commonly use building materials. One of the more compelling examples of 
environmental psychology research on materials is a study by Sadalla and Sheets (1993), who 
used a dramaturgical perspective to study the link between the symbolic attributes of building 
materials and the self-presentation of actors.  
 
The house 
While I use ‘house’ in this paper to mean the physical object that forms the locus of activities 
that go into making a home, ‘home’ and ‘dwelling’ have been used in other studies to denote the 
same thing (Coolen et al, 2002; Hanson, 1998). In reviewing the ‘house’ from several social 
science perspectives, I will use terms that are relatively specific to each field.  
 
Sociological 
Some researchers in the ‘housing studies’ field have spearheaded efforts to resolve the 
conceptual ambiguity surrounding terms such as ‘household’, ‘dwelling’, and ‘home’ (Kemeny 
1992; Coolen et al, 2002). Various attempts have, therefore, been made to limit the scope of such 
terms. For instance, Coolen et al (p.115), drawing from conceptualizations of environment in 
Rapoport 2000 and Rapoport 1990, suggest that dwelling should be defined as “a system of 
settings (physical aspect) in which systems of a dwelling take place.” They feel that by “focusing 
on specific aspects of a dwelling (certain settings) or on specific activities that take place in 
dwellings (or on both) and by identifying the specific relationships under study” (p.115), one 
need not use the term ‘home’. To my knowledge, ‘housing studies’ researchers have found it 
neither important nor interesting to formulate a clearer conceptualization of the house as a 
physical object. Franklin (2001, pp.79-80) notes that, in housing policy, “what has been largely 
neglected has been that aspect of housing which relates to its visually present but conceptually 
absent three dimensional characteristics – i.e. its built form.” 
 
EBS 
Rapoport (p.145) suggests that “all definitions and dismantlings of ‘environment’ clearly also 
apply to housing”: the most useful of these, “because it is the most concrete, considers housing 
as a system of settings within which a certain system of activities takes place.” While the intent 
behind having a definition this abstract was to open the discourse of culture and housing to 
different disciplines (Rapoport, 1985; 1990), it remains to be seen whether such a gain is more 
than offset by the loss of conceptual clarity. For a more concrete definition, we could think of the 
house as “composed of fixed, semi-fixed and non-fixed elements” (p.147). Saegert (1985) 
describes the house as a commodity, upon which the dwelling process is constructed, while 
Dovey (1985, p.34) states that “a house is an object, a part of the environment.” Another 



 
 

5 

definition of the house is Lawrence’s (1985, pp. 117-119) view of it as a socio-cultural artifact 
and as a ‘warehouse of personal experience’. Lawrence later states that:  

 
“a housing unit is a human artifact which defines and delimits space for the members of a household. It 
provides shelter and protection for domestic activities. Yet, the fact that houses in the same society have 
quite different shapes and sizes, and are built with a range of construction materials, suggests that, beyond 
pragmatic parameters, other factors are of at least equal importance in determining their design. For 
example, one purpose of the design of each dwelling unit is to distinguish between public and private 
domains. These spatial relations express the administrative, cultural, judicial and sociopolitical rights of the 
residents, visitors, neighbors and strangers.” [1993, p.73] 

 
Environmental psychology 
Given their emphasis on the psychological aspects of the ‘home’, environmental-psychology 
researchers have used the terms ‘home’ and ‘house’ rather interchangeably. Korosec-Serfaty 
(1995, p.257), for example, “examines the notion of dwelling and elucidates the uses which 
characterize and convey the concept of home through the identification of the psychological 
functions of two specific areas in the home, namely the attic and the cellar.” She further states 
that her “hypothesis takes into account the division of the house into subterritories.” Sadalla et al 
(1987, p.572) apply a dramaturgical perspective of self, describing the house as a “fixed and 
fairly permanent piece of sign equipment.” Therefore, “by manipulating the spatial arrangement 
of the setting and the symbolic significance of the props, performers may exert control over the 
amount and type of information that the audience receives” (p.572). 
 
Methods  
In this section I will describe studies that have made contributions to housing research through 
the application of particular research strategies and tactics, rather than studies on the theories of 
methods. I will also not analyze methodology per se, believing that such an effort is made 
redundant by the availability of many excellent books on the subject (for example, see Groat and 
Wang, 2002). 
 Stamps (1999, p.723) has done research on the way “preference judgments can be 
predicted from geometrical properties of architectural facades”, and has demonstrated (1993; 
1999, p.736; Stamps and Smith, 2002, p.785) the validity of simulations of buildings: the 
simulation methods have ranged from photo-simulation, color slides, to CAD simulations. A 
study by Stamps and Nasar (1997) also sets a precedent for classifying houses by design type (in 
their case ‘high’ versus ‘popular’ styles). This work builds on earlier studies (Nasar 1989; Devlin 
and Nasar, 1995) of aesthetic preferences of different groups of people, with style of the house 
being the main effect. 
 While there have been some studies that have questioned the validity of using photo-
simulation or other simulation methods, these have mostly been when these methods are applied 
to landscape rather than building studies (see Daniel and Meitner, 2001). Earlier criticisms of 
simulations (Danford and Willems, 1975) have been addressed by the replication of findings 
from many studies (see Stamps, 1999). 
 Other studies on both small-scale and full-scale modeling and simulation include 
Lawrence’s (1987, 1995) ‘design by simulation’ studies in housing and a smaller body of work 
on materials (see Sadalla and Sheets, 1993). Hardie (1989, pp. 146-153) describes the use of a 
physical modeling apparatus in a developing country setting, noting that people had no difficulty 
in recognizing and modeling their houses. 
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RESEARCH DESIGN 
The research site was Kibera, a large slum in Nairobi, Kenya, and by many estimates the largest 
slum in sub-Saharan Africa, with a population of over 1 million people. There were two phases 
to the study; a pilot study, and the main study. The pilot study was used to test the validity of 
only the houses’ rating exercise, and the biographic questionnaire. For the main study, these 2 
instruments were used in addition to the materials’ rating exercise and group discussions. 
 
Research instruments 
Biographic questionnaire 
The questionnaire had 15 questions, and was designed to get brief background information on 
the respondents as well as information on houses dwelt in, currently, and in the past.  
 
Materials’ rating 
From October 2002 to April 2003, I conducted research (Kabo, 2003) on soil as a substitute for 
cement in concrete-like materials. Using 3 parent soils1 (soilA, soilB, and soilC), 5 different 
mixes (mixI-V) were developed from each soil, each with varying soil:cement ratios2. Thus, 15 
different materials were created. A Portland cement material was the control sample. In total, 16 
materials were made during the research. For ease of fabrication and transportation, 2” mortar 
cubes rather than larger blocks were made. Each material had 3 different samples, and 2 out of 3 
samples were tested using standard ASTM3 tests. The 3rd set of samples was retained for research 
on user preferences. 
 13 of the 16 materials left untested4 were rated by respondents during the main study 
(some are shown in Appendix II.C). The respondents used a 5-point Likert scale to rate each of 
the materials, and were advised to use their own criteria for the rating. A Kiswahili equivalent 
was also used. This was essentially an experimental design with 13 stimuli, and the clarity of its 
design permitted accurate analysis.  
 
Houses’ rating 
Extant houses in Kenya were analyzed and classified according to design (‘traditional’ or 
‘modern’5) and type (single- or multi-storey). Out of a total of 80 houses, 10 were ‘traditional’ 
and multi-storey, 36 were ‘traditional’ and single-storey, 16 were ‘modern’ and multi-storey, and 
18 were ‘modern’ and single-storey. The number of houses that were in urban or suburban areas 
was 51. Of these, 14 were ‘traditional’ and single-storey, 10 were ‘traditional’ and multi-storey, 
14 were ‘modern’ and single-storey, and 13 were ‘modern’ and multi-storey.  
 The non-rural houses (examples shown in Appendix II.D) were analyzed for features that 
were used to create 6 housing prototypes: 1 was ‘traditional’ and multi-storey (coded tradA), 2 of 

                                                 
1 Given that clay acts as a binder – it was the main variable for the soils: soilA was a sandy loam with 14% clay content, 
soilB was a clayey loam with 31% clay content, while soilC was 100% clay by content. 
2 The soil:cement ratios were as follows: mixI was 9:1 (1.683% cement by weight), mixII was 7:3 (5.05% cement), mixIII 
was 5:5 (8.417% cement), mixIV was 3:7 (11.783% cement), and mixV was 1:9 (15.15% cement). The Portland cement 
mortar constituted 20.2% cement by weight. 
3 American Society for Testing and Materials. 
4 All the mixIs were not used in the study as 2 of them had been damaged during handling and testing. 
5 I had used ‘contemporary’ when designing my research, but the word ‘modern’ came up so repeatedly during the 
course of the research, which convinced me to use it for this report. 
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these were ‘traditional’ and single-storey (tradB and tradC), 1 was ‘modern’ and multi-storey 
(modA), and 2 were ‘modern’ and single-storey (modB and modC). 
 The 6 prototypes were each modeled using FormZ6, and each was rendered with 4 
different materials (matI, matII, matIII, and matIV)7, which are shown in Appendix II.B, giving 
24 houses. The rendering was done so as to simulate brick or block construction. Finally, each of 
the prototypes was rendered in a poured concrete material. This created a total of 30 different 
houses (hse1-hse30) where the variables were the design (‘traditional’ versus ‘modern’), the 
nature of materials used, the typology (single- versus multi-storey), and the method of 
construction used (brick/block versus poured-in-place). These houses were then randomly 
arranged in a computer slide show, and the respondents asked to rate them according (examples 
of these houses are in Appendix II.A). The respondents used a 5-point Likert scale to rate each of 
the houses using their own evaluation criteria. The rating was an experimental design with 30 
stimuli, and the design allowed for accurate analysis.  
 The advantage of computer modeling and rendering is that more control can be exerted so 
as to control for extraneous variables, such as the environmental context. 
 
Group discussions 
5 group discussions (10-16 participants each) were recorded immediately following each session 
of materials’ and houses’ ratings. The participants were shown the same houses used in the 
houses’ rating and then encouraged to have an unstructured discussion about what it was they 
liked or did not like about it. In other words, they were asked to verbalize the thought processes 
that went into rating that particular house as they did. The utility of unstructured or semi-
structured group discussions for housing research in developing countries was demonstrated by 
Hardie (1989, p.144). The results from the discussion will be referred to anecdotally, rather than 
systematically.  
 
The pilot study 
18 Kenyans resident in the US, 8 female and 10 male, and from the Detroit-Ann Arbor-Lansing-
Grand Rapids area participated in this study. From this sample, 7 people (5 female and 2 male) 
from the Ann Arbor area participated in a houses’ rating exercise, and the subsequent group 
discussion. The participants were also asked to give their opinions regarding the houses’ rating 
instrument: for example, whether it was easy to use, and whether any changes were needed to the 
format or content of the instrument. All reviews of the instrument were positive; the only 
recommendation was for the houses to have clearly visible numbers on the computer screen for 
easier identification.  
 
The main study 
All research instruments were used in the main study. The instrument-wise sample varied: for 
example, 62 participants filled out the biographic questionnaire, 53 did the materials’ rating, and 
46 did the houses’ rating. Also, many potential participants were unable to take part in the study 
as they were illiterate in both English and Kiswahili. However, many of them did participate 
meaningfully in the group discussions. 

                                                 
6 FormZ is a computer-aided-design (CAD) program. 
7 See the materials’ rating instrument for more on how the materials were developed. Thus, matI was made from soilC 
and mixI, matII from soilB and mixII, matIII from soilA and mixI, and matIV was the Portland cement sample. 
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 The rating exercises and the group discussions were done in 5 different sessions over a 6-
week period, and in different parts of the research site. Given the lack of meeting and conference 
facilities, the sessions were held wherever available: for example, the nearest government office, 
or a schoolyard.  
 
RESULTS 
Materials 
Table 1 is a summary of the materials arranged by the variables that were used for further 
statistical analysis. A ranking of the materials’ mean ratings is also given in the table as are the 
boxplots (Figure 1). 
 

Material Parent soil Mix no. Mean rating Ranking8 GEE Pred. Rank 
1 A IV 2.9362 7 7 
2 B IV 2.7955 8 8 
3 A II 1.9333 12 12 
4 PC PC 3.8367 3 4 
5 C V 3.9348 1 2 
6 B III 2.7234 10 10 
7 A V 3.875 2 1 
8 C IV 3.8 4 3 
9 C II 2.551 11 11 
10 B II 1.9167 13 13 
11 A III 2.7609 9 9 
12 C III 3.6522 5 6 
13 B V 3.5556 6 5 

 Table 1 
 

 
Figure 1.9 Boxplots for materials. 

                                                 
8 This is a ranking of the standard mean ratings. 
9 The shaded area around the median of each boxplot provides a confidence interval for comparing medians of pairs of 
boxplots. If the shaded areas for the 2 boxplots being compared do not overlap, then they probably have different 
medians. 
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Table 2 is a summary of the various mixes and soils including their rankings. The corresponding 
boxplots are shown in Figures 3 and 4. 
 

Mix  
Mean 
rating Ranking GEE Pred. Rank 

 
Soil 

Mean 
rating Ranking GEE Pred. Rank 

mixII 2.1337 5 5  soilA 2.8763 3 3 
mixIII 3.0455 4 4  soilB 2.7478 4 4 
mixIV 3.1772 3 3  soilC 3.4845 2 1 
mixV 3.7884 2 1  PC 3.8367 1 1 
PC 3.8367 1 2      

 Table 2 
 

 
Figure 3: Boxplots of mixes. 

 

 
Figure 4: Boxplots of soils. 

 
GEE ordinal regression models were then used to analyze the materials’ data.  
 
GEE ordinal regression 
The GEE model is: logit[P(Yt ≤ j)] = αj + β1m + β2s + β3ms, where m = mix, and s = soil. The 
GEE regression output includes both initial and GEE parameter estimates. The main difference 
between the two is in the size of the standard error. Being a better predictor of the error, the GEE 
estimates were used to interpret the results of the regression model, and especially within 
independent variable (level-wise) differences. The GEE estimates are logits of cumulative 
probabilities log[P(Y ≤ j) / P(Y > j)], where Y(x) = Pr (rating ≤ j) is the cumulative probability of 
the jth or lower rating category. Another way of thinking of the GEE estimate is that it is a ratio 
of the probability of a higher rating (than the response level) over the probability of a lower 
rating. Another GEE output that used in interpretation of the model was the Type 3 analysis, 
which examines the significance of an effect with all the other effects in the model. The null and 
alternative hypotheses for the GEE regression model were: 

H0: the response level has a higher rating value than that of the reference level. 

matl10 

soilB 
mixII 

matl5 

soilC 
mixV 

Figure 2: the worst (left) and best (right) ranked materials
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Ha: the response level does not have a higher rating value than that of the reference level. 
The model10 was first run with all the levels of mix and soil and their interactions being 
regressed on the ratings, and the results showed that, as expected, there was a confounding effect 
between soil PC and mix PC. There is only one possible outcome that has the two variables, and 
that is mixPC-soilPC. Being perfectly collinear, these 2 mix-soil variables were removed from 
the model, and then the regression was rerun. The model was run with mixIV-soilA (a middle-
ranked pair) as the reference levels. 2 runs were made; with and without the mix-soil interaction 
terms. The results showed the mix-soil interaction terms were non-significant within the model 
(p = .1402 for all 3 runs, see Tables 5a and 5b), meaning that the model without the interaction 
terms were better predictors of the effects of the independent variables on the rating of a material 
(Tables 6a and 6b). The model with the mixIV-soilA reference levels was used since it was a 
better indicator for the degree of difference between the best, worst, and middle ranked levels in 
each independent variable. The results of the GEE ordinal regression models were compared 
with the output from GEE linear models (not shown) using the same data, and the results were 
very similar. The main effects in the linear model were extremely significant (p <.0001), the 
interaction effect was non-significant (p <.3635), and the level-wise differences followed the 
same patterns as the ordinal models. A linear model run without the interactions confirmed the 
extreme significance of the main effects (p <.0001).  
 

 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -0.552 0.2416 -1.0255 -0.0785 -2.28 0.0223 
Intercept2 0.5943 0.2171 0.1687 1.0198 2.74 0.0062 
Intercept3 1.4398 0.247 0.9557 1.9239 5.83 <.0001 
Intercept4 2.3824 0.2723 1.8488 2.9161 8.75 <.0001 
MIX II -1.5657 0.3644 -2.2798 -0.8515 -4.3 <.0001 
MIX III -0.1621 0.2767 -0.7045 0.3803 -0.59 0.5581 
MIX IV 0.0108 0.2738 -0.5258 0.5474 0.04 0.9686 
MIX V 0.138 0.2716 -0.3942 0.6703 0.51 0.6112 
MIX z_P 0 0 0 0 . . 
SOIL A 0.0446 0.3309 -0.6039 0.6931 0.13 0.8928 
SOIL B -0.2753 0.3193 -0.901 0.3505 -0.86 0.3886 
SOIL C 0 0 0 0 . . 
SOIL z_ 0 0 0 0 . . 
MIX*SOIL II A -1.0047 0.513 -2.0102 0.0009 -1.96 0.0502 
MIX*SOIL II B -0.8359 0.4613 -1.7399 0.0681 -1.81 0.07 
MIX*SOIL II C 0 0 0 0 . . 
MIX*SOIL III A -1.172 0.455 -2.0639 -0.2801 -2.58 0.01 
MIX*SOIL III B -0.9149 0.5024 -1.8996 0.0697 -1.82 0.0686 
MIX*SOIL III C 0 0 0 0 . . 
MIX*SOIL IV A -1.1158 0.4852 -2.0667 -0.1649 -2.3 0.0215 

                                                 
10 This model was useful for making predictions of the potential rankings of different materials or mix-soil pairs, mixes, 
and soils.  
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MIX*SOIL IV B -0.9659 0.4078 -1.7652 -0.1665 -2.37 0.0179 
MIX*SOIL IV C 0 0 0 0 . . 
MIX*SOIL V A 0 0 0 0 . . 
MIX*SOIL V B 0 0 0 0 . . 
MIX*SOIL V C 0 0 0 0 . . 
MIX*SOIL z_P z_ 0 0 0 0 . . 

 Table 3 
 

 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -0.5461 0.2419 -1.0203 -0.072 -2.26 0.024 
Intercept2 0.5923 0.2154 0.1702 1.0145 2.75 0.006 
Intercept3 1.4301 0.242 0.9557 1.9044 5.91 <.0001 
Intercept4 2.3623 0.2656 1.8417 2.8829 8.89 <.0001 
MIX II -1.6601 0.3167 -2.2807 -1.0394 -5.24 <.0001 
MIX III -0.3535 0.2578 -0.8587 0.1517 -1.37 0.1702 
MIX IV -0.1825 0.2515 -0.6755 0.3105 -0.73 0.4682 
MIX V 0.615 0.2504 0.1242 1.1058 2.46 0.0141 
MIX z_P 0 0 0 0 . . 
SOIL A -0.7621 0.165 -1.0855 -0.4388 -4.62 <.0001 
SOIL B -0.9505 0.1834 -1.3099 -0.591 -5.18 <.0001 
SOIL C 0 0 0 0 . . 
SOIL z_ 0 0 0 0 . . 

 Table 4 
 

 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -1.5437 0.3403 -2.2107 -0.8766 -4.54 <.0001 
Intercept2 -0.4652 0.2746 -1.0033 0.0729 -1.69 0.0902 
Intercept3 0.3726 0.2717 -0.1599 0.9052 1.37 0.1703 
Intercept4 1.2763 0.2748 0.7377 1.8149 4.64 <.0001 
MIX II -1.4349 0.4101 -2.2387 -0.6311 -3.5 0.0005 
MIX III -0.2233 0.3358 -0.8814 0.4348 -0.66 0.5061 
MIX V 1.2079 0.3796 0.4638 1.952 3.18 0.0015 
MIX z_I 0 0 0 0 . . 
SOIL B -0.164 0.2894 -0.7313 0.4033 -0.57 0.571 
SOIL C 1.0437 0.3472 0.3632 1.7242 3.01 0.0026 
SOIL z 0 0 0 0 . . 
MIX*SOIL II B 0.0162 0.4693 -0.9035 0.936 0.03 0.9724 
MIX*SOIL II C -0.0987 0.4844 -1.0481 0.8508 -0.2 0.8386 
MIX*SOIL II z 0 0 0 0 . . 
MIX*SOIL III B 0.0999 0.4099 -0.7035 0.9033 0.24 0.8075 
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MIX*SOIL III C 0.0529 0.4095 -0.7498 0.8556 0.13 0.8973 
MIX*SOIL III z 0 0 0 0 . . 
MIX*SOIL V B -0.1491 0.4807 -1.0912 0.7929 -0.31 0.7563 
MIX*SOIL V C -1.0879 0.4766 -2.0221 -0.1537 -2.28 0.0225 
MIX*SOIL V z 0 0 0 0 . . 
MIX*SOIL z_I B 0 0 0 0 . . 
MIX*SOIL z_I C 0 0 0 0 . . 
MIX*SOIL z_I z 0 0 0 0 . . 

 Table 5a 
 

Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
MIX 3 30.20 <.0001 
SOIL 2 21.31 <.0001 
MIX*SOIL 6 9.65 0.1402 

Table 5b. 
 

 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -1.4246 0.2787 -1.9709 -0.8783 -5.11 <.0001 
Intercept2 -0.3542 0.1987 -0.7437 0.0353 -1.78 0.0747 
Intercept3 0.4758 0.2009 0.0821 0.8694 2.37 0.0178 
Intercept4 1.3693 0.199 0.9792 1.7594 6.88 <.0001 
MIX II -1.4434 0.2584 -1.9498 -0.9371 -5.59 <.0001 
MIX III -0.1688 0.2087 -0.5778 0.2401 -0.81 0.4185 
MIX V 0.7728 0.1846 0.411 1.1347 4.19 <.0001 
MIX z_I 0 0 0 0 . . 
SOIL B -0.184 0.1611 -0.4997 0.1317 -1.14 0.2532 
SOIL C 0.7443 0.1634 0.424 1.0647 4.55 <.0001 
SOIL z 0 0 0 0 . . 

 Table 6a. 
 

Score Statistics For Type 3 GEE Analysis 
Source DF Chi-Square Pr > ChiSq 
    
MIX 3 30.43 <.0001 
SOIL 2 20.97 <.0001 

Table 6b. 
 
The regression showed that both the mix and soil variables were significant main effects and, 
hence, good predictors of materials’ ratings (Tables 6a and 6b). The main effects were extremely 
significant (p <.0001). 
 The level-wise analysis was done using the GEE parameter estimates in Table 6a. With 
mixIV as the reference level, the model shows that there is no significant difference between 
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mixIII and mixIV. However, there are significant differences between mixII and mixV relative to 
mixIV. While mixII has an extremely significant probability of having lower ratings than mixIV, 
mixV had an extremely significant probability of having higher ratings than mixIV.  
 Given soilA as the reference level, there is no significant difference between soilB and 
soilA. However, soilC has an extremely significant probability of having higher rating values 
than soilA.  
 The full models (Tables 3 and 4) were used to predict the rankings of the mixes, soils, 
and mix-soil pairs or materials. This is done by looking at the difference in log-odds or GEE 
estimates between the level of interest and the reference level. For example, Table 4 shows that 
with ‘pour’ as the reference level, mixV has a log-odd or GEE estimate of positive 0.615. This 
mix level has a very significant probability (p= .0141) of having a higher rating than the 
reference level. In looking at mix-soil pairs, one sums the log-odds for the mix, the soil, and the 
mix-soil interaction term. For example, Table 3 shows that the mixV-soilA pair has ∆ log-odds 
of positive 0.1826 (.138+.0446+0). That means that the mixV-soilA pair should have a higher 
rating than the mixPC-soilPC reference pair. The reverse would have been true if the ∆ log-odds 
for mixV-soilA had been negative. The GEE model prediction was that mixV-soilA (matl7 
shown in Appendix II.C) would have the highest mean rating, rather than matl5 as shown by the 
standard means. All the GEE predicted values are shown in Tables 1 and 2, and it can be seen 
that they are similar to the original rankings. 
 
Houses 
Table 7 shows the houses arranged by design, material, construction, and type. A ranking of the 
houses’ mean ratings is also provided, while the corresponding boxplots are shown in Figure 5. 
The best and worst ranked houses were hse5 and hse7 respectively (Figure 6). 
 
House Design Material Construction Type Mean rating Ranking GEE Pred. Rank 
1 tradA matI brick multi-storey 2.6739 20 20 
2 tradB matII brick single-storey 2.3902 22 22 
3 tradC matIII brick single-storey 2.0789 28 27 
4 tradA matIII brick multi-storey 3.375 7 7 
5 modA matI brick multi-storey 4.0244 1 1 
6 modB matII brick single-storey 3.1364 10 10 
7 tradB matIV brick single-storey 1.7561 30 29 
8 tradB pour poured single-storey 2.119 27 26 
9 modB pour poured single-storey 2.8537 18 18 
10 tradB matI brick single-storey 2.2 25 25 
11 modB matIII brick single-storey 3.119 13 12 
12 modB matI brick single-storey 3.0455 15 16 
13 modC matI brick single-storey 3.1905 9 9 
14 modA matIV brick multi-storey 3.6136 5 5 
15 modC matIII brick single-storey 3.0714 14 14 
16 tradC matII brick single-storey 2.3256 24 24 
17 modA pour poured multi-storey 3.8409 4 4 
18 tradA matII brick multi-storey 3.8636 3 2 
19 modA matIII brick multi-storey 3.8667 2 3 
20 tradA pour poured multi-storey 3.2045 8 8 
21 modB matIV brick single-storey 3.0233 17 17 
22 tradB matIII brick single-storey 1.814 29 30 
23 modC matIV brick single-storey 2.8182 19 19 
24 modA matII brick multi-storey 3.5 6 6 
25 modC pour poured single-storey 3.1333 11 13 
26 tradA matIV brick multi-storey 3.1333 11 11 
27 tradC matIV brick single-storey 2.1333 26 28 
28 tradC pour poured single-storey 2.3696 23 23 
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29 modC matII brick single-storey 3.0444 16 15 
30 tradC matI brick single-storey 2.5682 21 21 

Table 7 
 
 

 
Figure 5: Boxplots of houses. 
 

 
Table 8 shows the rankings of the various designs, materials, types, and construction methods. 
The corresponding boxplots are shown in Figures 7-10. 
 

Design 
Mean 
rating Rank GEE Mat’l 

Mean 
rating Rank GEE Type 

Mean 
ratin
g Rank GEE Con’tn 

Mean 
rating Rank GEE 

modA 3.7691 1 1 matI 2.9504 2 2 mult-st 3.503 1 1 brick 2.915 2 2 
modB 3.0356 4 4 matII 3.0434 1 1 singl-st 2.616 2 2 poured 2.924 1 1 
modC 3.0516 3 3 matIII 2.8875 4 4         

Figure 6: the best (left) and worst (right) ranked houses

hse5 

modA 
matI 
brick 
multi-storey 

hse7 

tradB 
matIV 
brick 
single-storey 
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tradA 3.2501 2 2 matIV 2.7463 5 5         
tradB 2.0559 6 6 pour 2.9202 3 3         
tradC 2.2951 5 5             

Table 8 
 

 
Figure 7: Boxplots of designs. 

 

 
Figure 8: Boxplots of materials. 

 
 

 
Figure 9: Boxplots of types. 

 

 
Figure 10: Boxplots of construction methods. 

 
As in the materials’ rating, GEE ordinal regression models were used to analyze the houses’ 
data.  
 
GEE ordinal regression 
GEE regression models were run with modC-pour (middle ranking) pairs of reference levels. The 
models were run with and without the interaction terms. The results showed that the interaction 
effect was non-significant (Tables 9a and 9b). The model with the modC-pour reference levels 
(Tables 10a and 10b) was used for the regression analysis as it gave better indications of the 
degree of difference between the best, worst, and middle ranked levels for each independent 
variable (or main effect). 
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 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -1.4234 0.2742 -1.9608 -0.886 -5.19 <.0001 
Intercept2 -0.2136 0.2531 -0.7098 0.2825 -0.84 0.3987 
Intercept3 0.6131 0.2664 0.0909 1.1352 2.3 0.0214 
Intercept4 1.6682 0.2921 1.0957 2.2407 5.71 <.0001 
DESIGN modA 0.9085 0.3318 0.2582 1.5587 2.74 0.0062 
DESIGN modB -0.3615 0.3574 -1.0621 0.3391 -1.01 0.3119 
DESIGN tradA 0.0989 0.3705 -0.6274 0.8251 0.27 0.7896 
DESIGN tradB -1.2258 0.3212 -1.8553 -0.5963 -3.82 0.0001 
DESIGN tradC -1.0425 0.3408 -1.7105 -0.3745 -3.06 0.0022 
DESIGN z_mod 0 0 0 0 . . 
MATERIAL matI 0.0954 0.3125 -0.5172 0.7079 0.31 0.7603 
MATERIAL matII -0.1072 0.2851 -0.666 0.4517 -0.38 0.707 
MATERIAL matIII -0.0648 0.3348 -0.7209 0.5914 -0.19 0.8466 
MATERIAL matIV -0.4126 0.3042 -1.0088 0.1837 -1.36 0.175 
MATERIAL z_pour 0 0 0 0 . . 
DESIGN*MATERIAL modA matI 0.3812 0.5115 -0.6214 1.3838 0.75 0.4561 
DESIGN*MATERIAL modA matII -0.3934 0.4122 -1.2014 0.4146 -0.95 0.3399 
DESIGN*MATERIAL modA matIII 0.1253 0.3583 -0.5769 0.8274 0.35 0.7266 
DESIGN*MATERIAL modA matIV 0.1678 0.4278 -0.6706 1.0061 0.39 0.6949 
DESIGN*MATERIAL modA z_pour 0 0 0 0 . . 
DESIGN*MATERIAL modB matI 0.1559 0.4869 -0.7984 1.1102 0.32 0.7488 
DESIGN*MATERIAL modB matII 0.5034 0.3999 -0.2803 1.2871 1.26 0.2081 
DESIGN*MATERIAL modB matIII 0.4286 0.4584 -0.4699 1.3271 0.94 0.3498 
DESIGN*MATERIAL modB matIV 0.6307 0.4401 -0.2319 1.4933 1.43 0.1519 
DESIGN*MATERIAL modB z_pour 0 0 0 0 . . 
DESIGN*MATERIAL tradA matI -0.8435 0.4349 -1.6959 0.0089 -1.94 0.0524 
DESIGN*MATERIAL tradA matII 0.9981 0.415 0.1847 1.8116 2.41 0.0162 
DESIGN*MATERIAL tradA matIII 0.2836 0.4297 -0.5586 1.1258 0.66 0.5092 
DESIGN*MATERIAL tradA matIV 0.3287 0.364 -0.3848 1.0422 0.9 0.3665 
DESIGN*MATERIAL tradA z_pour 0 0 0 0 . . 
DESIGN*MATERIAL tradB matI -0.0441 0.3866 -0.8018 0.7137 -0.11 0.9092 
DESIGN*MATERIAL tradB matII 0.4344 0.4099 -0.3689 1.2378 1.06 0.2892 
DESIGN*MATERIAL tradB matIII -0.6091 0.4437 -1.4787 0.2605 -1.37 0.1698 
DESIGN*MATERIAL tradB matIV -0.235 0.3832 -0.986 0.5161 -0.61 0.5398 
DESIGN*MATERIAL tradB z_pour 0 0 0 0 . . 
DESIGN*MATERIAL tradC matI 0.1819 0.4447 -0.6896 1.0534 0.41 0.6825 
DESIGN*MATERIAL tradC matII 0.0719 0.4849 -0.8786 1.0223 0.15 0.8822 
DESIGN*MATERIAL tradC matIII -0.2523 0.4519 -1.138 0.6334 -0.56 0.5766 
DESIGN*MATERIAL tradC matIV 0.0769 0.3902 -0.6879 0.8417 0.2 0.8437 
DESIGN*MATERIAL tradC z_pour 0 0 0 0 . . 
DESIGN*MATERIAL z_mod matI 0 0 0 0 . . 
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DESIGN*MATERIAL z_mod matII 0 0 0 0 . . 
DESIGN*MATERIAL z_mod matIII 0 0 0 0 . . 
DESIGN*MATERIAL z_mod matIV 0 0 0 0 . . 
DESIGN*MATERIAL z_mod z_pour 0 0 0 0 . . 
 Table 9a. 
 

Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 34.02 <.0001 
MATERIAL 4 13.03 0.0111 
DESIGN*MATERIAL 20 30.11 0.0681 
 Table 9b. 

 
 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -1.4742 0.2618 -1.9874 -0.9611 -5.63 <.0001 
Intercept2 -0.2873 0.2267 -0.7316 0.157 -1.27 0.205 
Intercept3 0.5255 0.2317 0.0713 0.9796 2.27 0.0233 
Intercept4 1.5635 0.2659 1.0424 2.0845 5.88 <.0001 
DESIGN modA 0.9275 0.2242 0.4881 1.3669 4.14 <.0001 
DESIGN modB -0.0182 0.2055 -0.421 0.3847 -0.09 0.9295 
DESIGN tradA 0.2665 0.2633 -0.2496 0.7827 1.01 0.3115 
DESIGN tradB -1.2762 0.2265 -1.7203 -0.8322 -5.63 <.0001 
DESIGN tradC -1.0081 0.2109 -1.4216 -0.5947 -4.78 <.0001 
DESIGN z_mod 0 0 0 0 . . 
MATERIAL matI 0.0533 0.1255 -0.1926 0.2992 0.42 0.6709 
MATERIAL matII 0.1488 0.1325 -0.1109 0.4086 1.12 0.2614 
MATERIAL matIII -0.065 0.1261 -0.3122 0.1822 -0.52 0.6063 
MATERIAL matIV -0.2499 0.1138 -0.473 -0.0269 -2.2 0.028 
MATERIAL z_pour 0 0 0 0 . . 
 Table 10a. 
 

Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 33.53 <.0001 
MATERIAL 4 12.71 0.0128 

 Table 10b. 
 
The ‘design’ main effect was extremely significant (p <.0001). The ‘material’ main effect was 
also significant given that p=.0128. However, when a linear GEE regression model was run for 
comparison (Tables 11 and 12), the ‘design’ main effect was still extremely significant (p 
<.0001) while the ‘material’ main effect was non-significant (p=.1461). 
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LR Statistics For Type 3 Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 231.08 <.0001 
MATERIAL 4 7.24 0.1236 
DESIGN*MATERIAL 20 31.04 0.0546 
 Table 11. 

 
LR Statistics For Type 3 Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 224.91 <.0001 
MATERIAL 4 6.81 0.1461 

 Table 12. 
 
The level-wise results (Table 10a) showed that with modC as the reference level, modB and 
tradA do not have significant probabilities of having higher or lower ratings than modC. 
However, modA had an extremely significant probability of having higher ratings than modC (p 
<.0001), while tradB and tradB had extremely significant probabilities of having lower ratings 
than modC (p <.0001 for both levels). 
 With ‘pour’ as the reference level, there were no significant probabilities of any of the 
other materials having higher or lower ratings than ‘pour’ given that the Bonferroni adjusted α = 
.05/10=.005. 
 The models were also used to predict the rankings of the designs, materials, and design-
material pairs or houses. The results are shown in Tables 7 and 8. 
 

 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -1.9544 0.2233 -2.3922 -1.5167 -8.75 <.0001 
Intercept2 -0.8121 0.1692 -1.1437 -0.4805 -4.8 <.0001 
Intercept3 -0.0547 0.1671 -0.3822 0.2727 -0.33 0.7432 
Intercept4 0.9162 0.1924 0.5392 1.2932 4.76 <.0001 
TYPE multi-storey 1.1075 0.2274 0.6618 1.5531 4.87 <.0001 
TYPE single-storey 0 0 0 0 . . 
CONSTRUCTION brick -0.0282 0.1006 -0.2253 0.1689 -0.28 0.7793 
CONSTRUCTION poured 0 0 0 0 . . 
CONSTRUCTION*TYPE brick multi-storey 0.0287 0.1892 -0.3421 0.3996 0.15 0.8793 
CONSTRUCTION*TYPE brick single-storey 0 0 0 0 . . 
CONSTRUCTION*TYPE poured multi-storey 0 0 0 0 . . 
CONSTRUCTION*TYPE poured single-storey 0 0 0 0 . . 

Table 13a. 
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Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
TYPE 1 22.23 <.0001 
CONSTRUCTION 1 0.02 0.8893 
TYPE*CONSTRUCTION 1 0.02 0.8759 

Table 13b. 
 
 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -1.962 0.2201 -2.3934 -1.5306 -8.91 <.0001 
Intercept2 -0.8197 0.1645 -1.1421 -0.4973 -4.98 <.0001 
Intercept3 -0.0623 0.1638 -0.3833 0.2587 -0.38 0.7036 
Intercept4 0.9086 0.1889 0.5383 1.2789 4.81 <.0001 
TYPE multi-storey 1.1302 0.1699 0.7972 1.4632 6.65 <.0001 
TYPE single-storey 0 0 0 0 . . 
CONSTRUCTION brick -0.0185 0.0911 -0.1972 0.1601 -0.2 0.8388 
CONSTRUCTION poured 0 0 0 0 . . 
 Table 14a 
 

Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
TYPE  1 22.23 <.0001 
CONSTRUCTION 1 0.04 0.8348 
 Table 14b 

 
GEE ordinal regression models were run for the ‘type’ and ‘construction’ variables. The 
interaction term was non-significant (Tables 13a and 13b) and was removed after the first run. In 
the 2nd run, the model showed that the ‘type’ main effect was extremely significant while the 
‘construction’ main effect was non-significant (Tables 14a and 14b). These results were also 
compared with a GEE linear regression model, and the ‘type’ main effect was still extremely 
significant (p <.0001), while the ‘construction’ main effect was still non-significant (p= .9018). 
An earlier run of the linear regression model also showed that the interaction effect was non-
significant (p= .9257). 
 With ‘single-storey’ as the reference level, ‘multi-storey’ has an extremely significant 
probability of having higher ratings than ‘single-storey’. On the other hand, with ‘poured’ as the 
reference level, ‘brick’ does not have a significant probability of having a lower or higher rating 
than ‘poured’. 
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DISCUSSION 
Materials 
The results indicate that typical materials research, where the emphasis is on the technical 
performance of materials, is unlikely to produce materials that balance technical and non-
technical (aesthetic, psychological etcetera) criteria. 
 It also indicates that there is great potential for materials research using soil as a 
substitute for cement so long as the local user preferences are taken into account when choosing 
soils and determining the correct mix. It is inconceivable that there is one type of soil or one type 
of mix that would achieve a uniformly high rating across different cultural contexts. While this 
may create technical challenges for materials researchers, it also creates numerous opportunities 
for experimenting with different combinations of mixes and soils with the main object being to 
satisfy the non-technical preferences of any given population of intended users.  
 From an aesthetic standpoint, regional and local variations in materials used would in 
turn lead to a diversity of designs used for housing solutions given that each material would have 
a different set of capabilities and limitations relative to the next. Variety in low-cost housing 
design would be a counterpoint to the predominant modernist paradigm, whose usual outcome is 
drab housing blocks whose only distinction is their ubiquity. 
 The level-wise results suggested that the soil with the highest clay content (soilC) had an 
extremely significant probability of having higher ratings than soilC (and soilB in one of the 
regression models not reported). These findings are significant for those cities in developing 
countries which have vast areas of poor clayey soils. For instance, many areas of Nairobi, Kenya, 
have black cotton soil, which is normally considered a nuisance during construction, and a lot of 
resources get expended on the disposal of large quantities of this soil. Further research should 
make this disposal problem an issue of the past given that the soil could actually be used to erect 
the building’s walls and floors.  
 Level-wise analysis by mix showed that the lower the cement content, the higher the 
probability that the mix would have a lower rating. While mixII and mixV were at the extremes 
of the ranking order (lowest and highest respectively), mixIII and mixIV were in the middle, and 
the difference between them was non-significant. A possible reason why mixII materials 
received the low ratings might be that the samples used in the study showed more effects of 
rough handling and transportation as the study progressed. Mortars are generally not able to 
withstand weathering and rough handling as well as structural blocks are, and it seems like that 
effect was exacerbated by the lower levels of cement in mixII relative to the other mixes. It 
might also be that the different mixes should have been cured for different time intervals, rather 
than using the standard curing period for all of them.  
 Mixes mixIII to mixV had mean ratings above 3.0, suggesting that they would be very 
acceptable to most potential users. This in turn means that up to 50% of the normal cement 
content in a typical concrete mixture could be substituted with soil, and the materials produced 
would have very favorable ratings. This finding is especially significant for countries such as 
Kenya, where materials can constitute 70% or more of total construction costs, with cement 
accounting for 50% or more of the materials’ costs. In total, it should be feasible to reduce the 
costs of building low-cost housing by 35-60%, making such housing affordable to a larger 
number of the very poor urban populations of Kenya and similar developing countries. 
 While there some differences between the rankings predicted by the GEE models and 
those obtained through standard means, those differences were slight and did no not merit further 
discussion. However, it is clear by analyzing the regression models’ output that there are 
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differences between the different mixes and soils for within materials comparisons. But as shall 
be seen in the next section on houses, such is not the case when materials are part of a set of 
variables for between houses’ comparisons. 
 Participants were really interested in whether or not the materials were easy to fabricate 
using their current know-how. As expected, cost was a major concern for them since they are not 
able to afford the building materials currently on the market. Much to my surprise, the material 
samples that I used in the study generated a buzz of excitement with many of the participants 
erroneously believing that there was a ready supplier whom they could contact. Word also got 
out to people outside of the slum such that, by the end of the study, I had middle-class people 
trying to get in touch with me so that I could advise them on where to obtain these materials. 
 It is clear that further research on both technical and non-technical aspects of materials 
would generate products to meet a real gap in the current materials’ markets of Kenya and other 
developing countries. 
 A shortcoming of the materials study was that a follow-up discussion was neither planned 
nor carried out as with the houses. It is possible that in discussing why they rated a material well 
(or not) the participants would have verbalized some of those non-technical criteria that people 
use in judging and relating to building materials. Such a discussion would certainly be part of 
any follow-up studies on part or all of the materials research presented here.  
 
Houses 
The GEE ordinal regression model (Tables 10a and 10b) showed that the ‘design’ main effect 
was extremely significant while the ‘material’ main effect was very significant. While the 1st 
observation was expected and could even be predicted from the level-wise differences, the 2nd 
observation did not conform to any other analyses done in this study. When the data was 
regressed in a GEE linear model (Tables 11 and 12) for the purposes of comparison, the extreme 
significance of the ‘design’ main effect remained unchanged, but the ‘material’ main effect 
became non-significant. Given that the within variable comparisons and comparable linear 
regression model both indicate that the ‘material’ variable should not be significant, I concluded 
that its appearance of significance must most likely be a model error. The GEE models for ‘type’ 
and ‘construction’ supply evidence to back up this conclusion (Tables 13a to 14b). Recalling that 
‘construction’ is really a larger clustering of the ‘material’ variable, the model shows that the 
‘construction’ main effect was non-significant. On the other hand, the ‘type’ main effect was 
extremely significant, which is not unexpected given that ‘type’ is a larger clustering of ‘design’, 
which was extremely significant.  
 The extreme significance of design and non-significance of materials means that it should 
be possible to utilize a wide range of low-cost materials so long as care was taken to ensure that 
the designs used were acceptable to the intended users. This is a finding that is also consistent 
with the comments many of the participants made during the group discussions. For example, 
many of the ‘traditional’ designs were dismissed regardless of the material used. One participant 
(referring to hse22) said that he “couldn’t care whatever material was used, but the style of the 
house was just too unacceptable.” This is a sentiment that other participants echoed repeatedly 
when explaining why they would not want to live in one of the houses that had a ‘traditional’ 
design. 
 Previous studies have demonstrated that in many developing countries, modern design is 
associated with high-status individuals while traditional or vernacular designs are seen as low-
status (see Rapoport, 2000, pp. 158-159). When the reference level was modC, tradB and tradC 
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had extremely significant probabilities of having lower ratings than modC. On the other hand, 
modA had an extremely significant probability of having higher ratings than modC. In contrast 
to the previous 2 comparisons, modB and tradA did not have a significant probability of having a 
higher or lower rating than modC. Given the negative direction of the 1st comparison, and the 
positive direction of the 2nd comparison, it is possible to draw inferences about the strong 
preference for modern over traditional designs in the study sample. The only exception was 
tradA, which is different from tradB and tradC in that it was multi-storey rather than single-
storey. 
 The non-significance of materials in the houses’ rating regression models indicates that it 
should be possible to apply a wide variety of building materials in low-cost housing given that 
the design is taken more seriously by the intended users. 
 The non-significance of the ‘construction’ main effect is on the one hand an indication of 
the non-significance of materials in houses’ ratings, and on the other hand suggests that various 
construction methods ought to be acceptable to the intended users of low-cost housing so long as 
the ‘type’ and ‘design’ were deemed acceptable to this population. Not surprisingly, the extreme 
significance of the ‘type’ main effect is correlated with the extreme significance of the ‘design’ 
variable. The participants indicated in their ratings and also in the group discussions that they did 
not really mind the materials and construction methods so long as the type and design of the 
house in question was to their liking.  
 They also almost unanimously expressed disapproval of the single-storey type for both 
aesthetic and pragmatic concerns. Their aesthetic sensibilities were that the multi-storey houses 
looked more urban and progressive compared to their single-storey counterparts. This is the 
reason why tradA received such favorable ratings despite being a traditional design. The 
pragmatic reason behind their preference for multi-storey over single-storey houses was their 
recognition that Kibera has the advantage of excellent location and topography that most slums 
in Nairobi lack; they were adamant that they wanted any housing solutions to allow them to 
remain in Kibera and flatly refused any options that had them relocating elsewhere.11 Many of 
the study participants stated that they did not mind living in a multi-storey house, so long as 
someone had their ‘slice in the sky’. They also expressed disappointment that the multi-storey 
houses were only 3 storeys high. They felt that 4-7 storeys were an acceptable limit, even in the 
absence of elevators. 
 While there were some differences between the GEE predicted rankings and the ones 
established through standard means, these were inconsequential. The GEE models established 
that ‘design’ and ‘type’ are strong predictors for the preference of a house while ‘materials’ and 
‘construction’ have no effect. 
 The only material in the materials’ rating exercise to be used in the houses’ rating was 
matl10 – which was named matII for the latter exercise. While matl10 had the lowest mean 
ranking in the materials’ rating, houses rendered with matII had the highest mean ranking in the 
houses’ rating. This suggests that the perception of materials may depend on the means of 
presentation, and that there are bound to be differences between the preferences of a material 
used in a simulation versus that of the actual material. The few studies that have tried to gauge 
preferences of materials in an experimental setting have relied on the use of photo-simulation or 

                                                 
11 One such ‘solution’ was proposed by the government in the time while I was conducting my study. The proposal was 
that Kiberans would be relocated to a place 20 miles from their current location, where it would be easier to house them. 
As expected, Kibera residents greeted the plan with sullen hostility. 
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CAD images. Further research is therefore needed to test these differences between actual 
materials and their simulated equivalent. 
 It should also be noted that, despite Kibera’s sheer size and density, over 95% of the 
houses in the slum are single-storey. Many of the study participants bemoaned the prevalence of 
single-storey housing and felt that it had a major role to play in the crowding and lack of land for 
the provision of crucial services such as sewers and roads.  
 While the best ranked design in the main study was modA (Table 10a), the equivalent 
design in the pilot study was modB. There are a number of possibilities that might help explain 
this difference but that are beyond the scope of this study. However, these findings warrant 
future investigation since the majority of officials and politicians involved in housing issues have 
similar backgrounds to the pilot group. It would seem that housing projects conceived by such 
people would incorporate their biases, and this may lead to project failure given that their 
preferences may not match those of the potential users. 
 During the group discussions, the participants displayed a wide range of reactions to 
particular design features: for example, the brise-soleil in modB and modC, or the flat roof deck 
in modA. To my surprise, the main study group (with few exceptions) did not like the flat roof, 
even though they generally liked modA. Their reasons were rather pragmatic. Many of them had 
children (or were planning to have them in the future) and felt that the roof was a danger to 
children especially if they were able to be there unsupervised. The main study participants felt 
that the best case design scenario would be to take the sloped roof (as in tradA) and graft it onto 
the modA design. In contrast, the pilot study group participants had no children, and they all 
liked the flat roof. Most imagined it being an extension of the usable space in the individual 
dwellings. 
 Both the main and pilot study participants liked the brise-soleils. They felt that these 
design features added character to the houses, and that they would make it pleasant to use the 
immediate exterior on the house even on days when the sun’s light is harsh. 
 Another design feature that generated excitement were the ample balconies in modA. 
Participants in both the pilot and main groups cited many reasons for their liking the usable 
balconies. For example, some felt that clothes could be hung to dry in the shelter of the balcony, 
thus avoiding theft. Others looked forward to entertaining guests in this space since it was a 
private space that was open to the outside. 
 But the biggest thing the study participants were adamant about was that traditional 
designs were unacceptable. These designs did not signal progress and, moreover, would only 
reinforce the stigma that Kibera and other slums have in the minds of other Nairobians. In their 
minds, it was really important that Kibera should shed the perception of a ‘rural’ outpost in a 
modern city. 
 
II. CURRENT USE OF DOMESTIC SPACE IN KIBERA 
Traditional or ‘normative’ architectural theory is what comes to most people’s minds when 
discussing housing theory. However, architectural theorists have also borrowed from other fields 
with varying degrees of success: an example is architectural semiology, which heavily relies on 
linguistics and semiotics. An altogether different approach is that of ‘space syntax’, where the 
intent is to develop a theory of space based on the material world, but without the descriptive and 
explanatory weaknesses that plague normative theory. As such, space syntactical studies have 
enhanced our empirical understanding of the built environment. 
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Housing theory 
‘Space syntax’ is a term used to refer a coherent body of work based on analytical methods -- 
mainly configurational analysis -- after measures first proposed by Hillier and Hanson (1984). 
Hillier and Hanson try to quantify the human-space interaction, mapping out a new approach ‘by 
using architecture as a basis for building a new theory” (p. x). Hillier and Hanson believe that 
this new approach is possible “because theories of the relation between society and its spatial 
form have encountered two fundamental difficulties. First, there is no consistent descriptive 
account of the morphological features of ‘man-made’ space that could be lawfully determined by 
social processes and structures. Second, there is no descriptive account of the morphological 
features of societies that could require one kind of spatial embodiment rather than another” (p. 
x). 
 Hanson (1998) uses this configurational analysis to discuss the “original building 
historically” as well as “a universal building type today” (p. 1), the house. She adds that 

 
“the important thing about a house is not that it is a list of activities or rooms but that it is a pattern of 
space, governed by intricate conventions about what spaces there are, how they are connected together and 
sequenced, which activities go together and which are separated out, how the interior is decorated, and even 
what kinds of household objects should be displayed in the different parts of the home. If there are 
principles to be learned from studying the design of dwellings, they do not yield easily to a superficial 
analysis of ‘basic human needs’.” [p. 2] 

 
Hanson describes how integration12 is a “key by which we can understand the social content of 
architecture and show how buildings and places function at a collective level. This is not naïve 
‘architectural determinism’ which says that buildings and places compel people to behave in 
particular ways” (p.1). However, given the reliance of space syntax theorists on graphical 
analysis of houses – such as justified graphs or isovists – they have been criticized for inferring 
too much from representations of buildings. 
 Lawrence (1987) avers that “the graphical analysis of dwellings may highlight the 
similarities and the differences between several houses, yet it cannot yield any information about 
the meaning and use of spaces: boundaries are not just created physically but are also ordered by 
symbolic and juridic parameters which are transient in kind. Therefore this kind of analysis is 
only informative about the spatial characteristics of dwellings when they were initially 
constructed.” [p.53]  
 Lawrence’s criticism pre-dates several studies (Amorim, 2001; Amorim and Loureiro, 
2001) that have applied space syntax measures in a diachronic analysis of housing. Amorim and 
Loureiro, for example, analyzed the transformation of public housing in Recife, using space 
syntax measures to outline the nature of transformations since the houses were first built. This 
attention to the temporal dimension weakens the main thrust of Lawrence’s argument. Theories 
of housing generated by space syntax enhance our understanding of the person-house interaction 
(like the social sciences), and yet keep the house at the core of the discussion – rather than at the 
periphery or outside of the discussion altogether.  
 

                                                 
12 A key space syntax measure, integration is the mean depth of a space relative to all other spaces in the system. Spaces 
in a system can be ranked from the most integrated to the most segregated (Hillier and Hanson, 1984; Hanson, 1998). 
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The house 
Space syntax theorists (Hanson, 1998) have viewed the house as a set of spatial relations and 
functions. Reis (2003, p.40.1) states that “houses can be understood as patterns of organised 
space, structured according to some social principles, which affect the size, connections and 
configurations of rooms, and the relationship between inhabitants and between inhabitants and 
visitors.” 
 
Methods 
Kamau’s (1978-79) study of the symbolic aspects of domestic space in a model housing project, 
though not a ‘space syntax’ study, lends itself to either being replicated and/or being 
complemented by computer analysis, such as space syntax programs. Depthmap is a syntactical 
program that deals with visibility graph analysis (VGA). The premise for this kind of analysis is 
that “the visibility graph is a tool with which we can begin consciously to explore the visibility 
and permeability relations in spatial systems. The relation between visibility and permeability is 
a vital component of how houses work spatially and are experienced by their occupants” (Brown 
and Tahar, 2003, p.56.4). Several studies exist in which VGA was utilized (Hanson, 1998; 
Brown and Tahar, 2003) to study the internal house structure, and relations between the 
inhabitants. 
 
RESEARCH DESIGN 
Current houses’ documentation and analysis 
20 houses from different parts of the research site were documented. The houses were measured 
and sketched, and these sketches were then converted into electronic drawing files using FormZ. 
The location and number of ‘semi-fixed’ and ‘non-fixed’ (Rapoport, 1990, p.13) elements, such 
as furniture, cabinets, TVs, beds, cooking places, and sleeping areas were noted. 
 
Current houses’ inhabitants’ interviews 
Inhabitants of current houses were interviewed on video following the documentation of their 
houses. The format of the interviews was unstructured and in-depth, and the inhabitants were 
encouraged to bring up any matters they deemed important regarding their houses. The in-depth 
interview is a research tactic that has been successfully applied in similar settings (Hardie, pp. 
142-144). The findings from the interviews will be used anecdotally rather than in any formal 
manner. 
 
RESULTS 
Current houses’ analysis 
The houses surveyed had floor areas of 100-220 square feet, smaller than typical houses 
analyzed using VGA (Figure 11). Despite the small size of the houses, visibility analysis (at the 
eye level) was quite useful as a tool when combined with the video interviews and observations 
of domestic space usage.  
 While 20 houses had been originally surveyed, one of them was dropped from the 
analysis as it doubled as a brewing den, and as such had just one main space -- and this is where 
the brewer served her customers.  
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 Table 15 shows immediate, local and global measures13 of the houses. Point depth 
entropy (E) ranged from 0.5582-1.1207 with a mean of 0.722 and a standard deviation of 0.127 
(Table 15 and Figure 12). However, 18 houses had values between 0.5582-0.971 with a mean of 
0.675 and a standard deviation of 0.0878. This tells us that the houses in the sample had low 
disorder, meaning that it was easy to move around in them. This is not surprising considering 
that most of the houses had only 3-4 clearly distinct spaces.  
  

 
House NS FD GS E RE CC C 

                                                 
13 The immediate measures are neighborhood size (ND) and far distance (FD); the local measures are clustering 
coefficient (CC), control (C), point depth (PD), and metric point depth (MPD); and the global measures are graph size 
(GS), entropy (E) and relativised entropy (RE). 

Figure 11: Plans of 
houses 

Figure 12: Entropy 
(E) 

Figure 13: Point depth (PD) 
living spaces, with 
open door 
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1 495.264 133.8525 924 0.6935 1.4162 0.9305 0.002 
2 312.335 118.018 681 0.7015 1.4666 0.7549 0.0031 
3 451.556 122.6759 931 0.7891 1.4124 0.9276 0.0025 
4 511.347 128.7959 870 0.6441 1.4215 0.9268 0.002 
5 369.003 109.3899 729 0.6481 1.4756 0.87 0.0028 
6 335.892 110.3019 756 0.6793 1.4921 0.8972 0.0029 
7 363.829 107.8199 700 0.6456 1.4683 0.8808 0.0029 
8 384.408 129.2729 1036 0.971 1.4278 0.8955 0.0026 
9 356.49 106.7167 672 0.6399 1.4648 0.8725 0.0028 
10 200.362 86.4086 483 0.7356 1.4717 0.8547 0.0049 
11 348.747 107.4546 624 0.6748 1.4157 0.915 0.0029 
12 414.182 113.8935 704 0.6512 1.4148 0.9028 0.0024 
13 382.458 124.2508 884 0.6604 1.5159 0.9181 0.0027 
14 374.92 117.1587 696 0.6693 1.4349 0.856 0.0027 
15 612.602 175.2965 1938 1.1207 1.3717 0.8418 0.0017 
16 317.137 100.8797 575 0.6577 1.435 0.912 0.0032 
17 543.296 132.9948 812 0.5582 1.4363 0.8923 0.0019 
18 325.745 114.9611 744 0.7905 1.4276 0.8423 0.0032 
19 305.684 146.7948 636 0.7865 1.4109 0.918 0.0033 
mean 389.75 120.3651 810.263 0.7219 1.441 0.8847 0.0028 

 Table 15 
 
Key sub-spaces in the houses – the sleeping spaces, the cooking spaces, and the living spaces -- 
were then analyzed using the PD and MPD measures of Depthmap (Table 16 and Figures 14 to 
16).  
 

 Living space Cooking space Sleeping space 
House PD MPD PD MPD PD MPD 
1 1.513 18.7708 1.4935 18.0638 1.4535 18.0619 
2 1.4068 14.4313 1.5374 16.3214 1.4787 11.164 
3 1.4651 17.4395 2.3695 20.4774 1.6767 21.9683 
4 1.3241 17.0029 1.3046 18.1709 1.646 19.8588 
5 1.3855 13.982 1.7846 16.9619 1.7147 17.1383 
6 1.4854 18.3373 1.5251 17.2363 1.4352 12.7496 
7 1.37 14.2009 1.7971 15.5687 1.73 17.726 
8 1.916 24.2288 1.9344 23.1077 1.445 14.5982 
9 1.3527 15.589 1.7307 17.0634 1.689 16.8654 
10 1.559 14.0043 1.5321 16.1629 1.3872 9.2995 
11 1.4135 13.9112 1.3734 14.9579 1.5657 15.9325 
12 1.3395 13.9716 1.3324 13.1703 1.6108 16.5247 
13 1.474 17.8066 1.4921 19.6262 1.4876 14.872 
14 1.3649 14.7112 1.3233 13.7933 1.671 16.8213 
15 1.6223 29.7281 1.8953 37.7108 2.7054 44.3507 
16 1.3496 13.9517 1.3722 14.002 1.6278 17.0699 
17 1.2241 12.2399 1.2525 15.2506 1.7525 17.3783 
18 1.4073 16.1378 1.9341 21.0788 1.6169 15.1945 
19 1.3915 18.4474 1.5409 17.9272 1.6274 20.1776 
mean 1.4402 16.7838 1.6066 18.2448 1.6485 17.7764 

 Table 16 
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 The spaces with the highest and lowest PD values were the sleeping and living spaces 
respectively, while the cooking spaces were in between. The MPD values were different, with 
the highest and lowest values being cooking spaces and living spaces respectively. An interesting 
fact was that the differences in PD values were significant for the living-sleeping and cooking-
living pairs of spaces, but not for the cooking-sleeping pair.14 
 The houses were also analyzed with the main door open, but with the rest of the spaces 
screened off from the exterior (Table 17 and Figure 13). The inhabitants of the houses perform a 
number of household chores with the door open. This is rather common during the day as most 
of the houses have very dim interiors and poor circulation. In this configuration, the living spaces 
had a mean PD and MPD of 1.3027 and 24.4526 respectively. However, while the PD’s of the 
living spaces decreased, the E values of the houses increased, while the C values remained the 
same, and the CC values showed a slight decrease.  
  

                                                 
14 Using a paired t-test: for α = .05, p = 0.00945 for living-sleeping, 0.0109 for cooking-living, and 0.605 for cooking-
sleeping. The tests were only done to test whether the cooking and sleeping spaces were as similar as the Depthmap data 
suggested. 

Figure 14: Living spaces Figure 15: Cooking spaces Figure 16: Sleeping spaces



 
 

29 

 
House PD MPD E RE CC C 
1 1.1483 19.8682 0.6933 1.5183 0.8769 0.002 
2 1.3001 19.3062 0.7975 1.4787 0.8061 0.0032 
3 1.3874 24.0614 0.8742 1.4603 0.8563 0.0028 
4 2.0424 34.628 1.0665 1.4578 0.8507 0.0021 
5 1.2745 20.4828 0.8056 1.4692 0.8665 0.0029 
6 1.5337 22.7499 0.9102 1.4359 0.8326 0.0026 
7 -1 -1 0.0235 1.6741 1 0.0044 
8 1.8118 32.2216 0.9551 1.4504 0.8634 0.0025 
9 1.7476 29.7588 0.9502 1.4415 0.8409 0.0028 
10 1.7232 26.5716 0.8806 1.4404 0.8315 0.0033 

Figure 14: Living spaces Figure 15: Cooking spaces 
 

Figure 16: Sleeping spaces 
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11 1.4071 25.3813 0.832 1.4693 0.8635 0.0025 
12 1.4871 27.1501 0.8818 1.461 0.8627 0.0023 
13 -1 -1 0.0302 1.6689 0.9996 0.0055 
14 1.4931 26.7786 0.8609 1.4744 0.8659 0.0023 
15 1.6072 26.449 0.9446 1.4626 0.8395 0.0026 
16 1.7971 43.0232 1.0875 1.4842 0.8516 0.0021 
17 1.6592 25.6598 0.9058 1.4515 0.8397 0.0027 
18 1.3362 26.868 0.9005 1.5067 0.8791 0.0026 
19 1.9961 35.6417 1.0618 1.4585 0.8567 0.0024 
mean 1.3027 24.4526 0.8138 1.4876 0.8675 0.0028 

   Table 17 
 
DISCUSSION 
Current houses’ analysis 
The analysis of houses currently in the research site is a foundational step for further research on 
the effects of interior layouts on potential user preferences. 
 The visibility analysis of the Kibera houses revealed that, despite their small size and the 
material poverty of their inhabitants, space use and ordering was just as complex as might be the 
case with larger houses and more affluent occupants. While larger, multi-roomed houses make it 
easier for the inhabitants to order different spaces according to their needs and functions, people 
living in small houses do make attempts to create spatial categories, even within unicellular 
houses (Kamau, 1978-79, p.106).  
 Rich data was obtained through the comparison of the areas of the house where the 3 
main domestic functions of living, cooking, and sleeping take place (Table 16 and Figures 14 to 
16). This information also served to confirm findings from other sources and from the 
discussions I had with the inhabitants. The first thing that I noticed was that most of the people 
paid a lot of attention to the living space. This was not only where they ate, but it was also where 
they entertained any visitors. As such, these spaces were adorned with calendars, plaques with 
religious messages, photographs etcetera. Most of the houses had rather decent furniture in this 
space. It also turned out to be a more male-oriented space, except for where there was a single-
woman household. This supports earlier work by Kamau (1978-79, p.106) in which she describes 
the living space as “semipublic”. In many of the houses, this space also functioned as a spare 
sleeping space for the occasional guest who slept over, especially those from up-country. 
Whenever that was the case, the furniture would be moved aside for the night, but would 
certainly be back in place the next day.  
 Given that these houses were ill-lit and poorly ventilated (almost all of them had only one 
small window no larger than 2 feet by 1.5 feet) the main door was left open for most of the day 
unless there was no adult at home. Passersby could then catch glimpses of the living space, but 
never of the rest of the house. The living space had a PD value of 1.4402, which dropped to 
1.3027 when the main door was left open (Tables 16 and 17). It would be interesting to analyze 
the houses in Kibera at the level of the settlement so as to see what the effects are on the urban 
fabric of such a constitution. Constitution is “the pattern and distribution of building entrances 
within a network of spaces” (Major, 2001). 
 When the door was open cooking, like washing, was often done outside despite the 
presence of a dedicated cooking space in most houses. This was probably due to the poor 
ventilation and lighting of the house interiors. Unlike the living space, the cooking space was not 
meant to be viewed by visitors, especially respected guests. Cooking was seen as an unclean 
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activity similar to doing laundry. The space was accessible to the inhabitants, and was not 
screened off when the door was closed and there were no visitors to see the food preparation 
being done. As opposed to Western cooking spaces, the spaces in the Kibera houses were rather 
segregated from the public realm; while the living space had a PD value of 1.4402, the cooking 
space had a value of 1.6066 (Table 16). Kamau (1978-79) describes similar spatial patterns and 
domestic space usage in a lower-middle class housing estate next to the slums of Kibera. That 
such consistency can be found in two difference social classes suggests that this is the expression 
of a trans-spatial ‘genotype’ (Hillier and Hanson, 1984, ch.2; Hanson, 1998, p.32) despite 
‘phenotypical’ differences between the houses in the slum and those in the estate.  
 The sleeping space was the most segregated of the three main spaces with a PD value of 
1.6485. It was a space not meant to be seen by non-inhabitants: when the door was open, it was 
usually screened off. 
 
CONCLUSIONS 
In this study, user preferences of materials, houses, and the interactions of the two were 
explored. This work has broad implications for several fields. For example designers of low-cost 
housing need to be cautious about using traditional designs as the resultant houses may be 
rejected by their intended users.  
 Materials’ researchers also need to address long neglected non-technical aspects of 
materials, such as aesthetic and perceptual concerns. 
 Designers, planners, and policy-makers also need to abandon the erroneous belief that all 
multi-storey housing will generate social pathologies and is therefore bad. Excellent studies such 
as Towers’ (2000) description of attempts to correct the design pathologies of multi-storey 
housing in the U.K. should only serve to remind us of the cultural relativity of house design 
issues. They should never be taken as universal conditions with generic solutions. 
 This study also highlighted some methodological issues that would be of use to both 
researchers and designers. The 1st of these has to do with the use of CAD programs for modeling 
and rendering the houses. Computer modeling made it possible to conduct a quasi-experimental 
study where extraneous variables such as the actual environmental setting were controlled for. 
Unlike the case with actual photographs, it was much easier to work with types of houses rather 
than actual examples of houses which the participants may be already aware of, and this may 
influence how they rate such a house. 
 The 2nd issue, which is related to the first, has to do with the appropriateness of computer-
generated models and images for conducting research in places such as Kibera. The participants 
had no cognitive difficulties with the computer images. I would imagine that the access to 
television that these participants have had something to do with it. While it would be unwise to 
categorically claim that computer images would work in any slum, I would say that they would 
probably make fine tools for research in more sites than most researchers imagine possible. 
Using computer-generated images also had mobility and access advantages: for example, I was 
not limited to areas directly accessible by car. This might have been the case had I relied on 
bulky physical models. This is not to say that computer models are always the best solution: the 
use of one over the other should be a matter for the researcher to decide, and the decision should 
be based on their research question and circumstances under which the research will be 
performed.  
 The 3rd issue is the use of actual material samples, rather than a simulated model whether 
physical or computer generated. One material was used in the materials rating as a physical 
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sample (matl10) and in the houses’ rating as a texture map (matII). Matl10 had the lowest mean 
rating of the 13 materials in the first rating, while 2 out of 8 best rated design-material pairs were 
rendered with matII.  
 Designers interested in participatory design could explore the use of computer models as 
I did in this study. Gauging user preferences as part of the design process is more likely to result 
in the designer playing the role of ‘cultivator’ rather than ‘genius’ or ‘technician’ (Groat, 2000). 
While the latter 2 roles have many disciples in the architectural discipline, the former and lesser 
known role holds more promise for low-cost housing design considering that the users and the 
clients are never the same people. 
 The next evolutionary step in this study would be to further develop the best rated design, 
modA, in order to test for all possible variables that contribute to its likeability. Façade analysis 
could be carried out using shape grammars or genetic algorithms to generate several modA-like 
designs. These would be gauged for user preferences as if they were different designs. Later, the 
interior layout and environmental context could be added as main effects. The idea would be to 
test for the effects on preferences these additional variables have both when the designs are 
varied and when they are held constant. The analysis of houses and their current usage revealed 
that there are certain ‘genotypical’ features that could be incorporated into any interior 
configurations. Given that the current houses’ analysis revealed certain patterns about how the 
inhabitants use living, cooking, and sleeping spaces, the results can be used to design interior 
layouts that can by themselves be tested for preference before they are ever combined with the 
designs and materials already deemed to have met the approval of the intended users. Paying this 
kind of attention to house designs, materials, and interior layouts would form an integrative 
methodology that would enable the housing researcher to get to the crux of user preferences.  
 Designers need to systematically and empirically investigate domestic interiors before 
putting the first sketch on paper. Syncretism and personalized interventions in most housing 
projects come about because of a gap in how the inhabitants would want to use the space, and 
what the space actually allows. For example, Amorim and Loureiro (2001) found that the 
inhabitants of a large housing project intervened to create direct links between their houses and 
the street. The designers had intended that all but the ground floor units be accessible through 
double-loaded corridors, an idea the inhabitants found wanting and changed as soon as they 
could afford it. Arias (p.141) uses ‘quality’ to denote the extent to which there is a good fit 
between the needs of the inhabitants and what the house itself permits them to do.  
 Another way this study could be furthered would be simply to replicate it at 2 different 
levels. One option would be to replicate this study in similar settings, and to add the group 
discussion tool to the materials’ research. A second option would be to conduct similar research 
for different socio-economic groups, such as people from middle- and upper-middle class 
backgrounds. This would be interesting for a number of reasons, though I will just name 2 of 
them. The 1st of these is that Kibera is bordered by many middle- and upper-middle class 
neighborhoods, and it would interesting to see what the residents’ vision of their large sprawling 
slum neighbor is. The other is that these residents are from the same socio-economic stratum as 
the politicians and senior bureaucrats who hold rein over any future development in Kibera. It 
never ceased to amaze me that the immediate former president lived right next to Kibera, and 
that Kiberans had no improvements in their houses and built environment to show for it.



 
 

33 

REFERENCES 
 

Amorim, L. (2001) “Houses of Recife: From diachrony to synchrony”. In Proceedings 3rd International 
Space Syntax Symposium, Ann Arbor: University of Michigan, TCAUP, pp. 19.1-19.16. 

 
Amorim, L. and Loureiro, C. (2001) “Converted houses? Converted flats? A study on the transformation 

of Brazilian housing estates”. In Proceedings 3rd International Space Syntax Symposium, Ann 
Arbor: University of Michigan, TCAUP, pp. 58.1-58.6. 

 
Arias, E. (ed.) (1993) The Meaning and Use of Housing: International Perspectives, Approaches and 

their Applications. Averbury: Aldershot, pp. 10, 137-142, 169-199. 
 
Brown, F. and Tahar, B. (2001) “Comparative analysis of M’zabite and other Berber domestic spaces”. In 

Proceedings 3rd International Space Syntax Symposium, Ann Arbor: University of Michigan, 
TCAUP, pp. 41.1-41.14. 

 
Canter, D. (1977) The Psychology of Place. London: Architectural Press. 

 
Coolen, H., Kempen, E., and Ozaki, R. (2002) “Experiences and Meanings of Dwellings”, Housing, 

Theory and Society 19:2, pp. 114-116. 
 
Cooper, C. (1974) “The House as Symbol of the Self”. In Lang, C., Burnette, C., Moleski, W. and 

Vaclon, D. (eds.) Designing for Human Behavior. Srondsberg: Dowden Hutchinson and Ross. 
 
Cooper-Marcus, C. (1995) House as Mirror of Self. Berkeley, CA: Conari Press, pp. 3-18. 
 
Csikszentmihalyi, M. and Rochberg-Halton, E. (1981) The Meaning of Things. New York: Cambridge 

University Press, pp. 1-19, 121-171. 
 
Danford, S. and Willems, E. P. (1975) “Subjective Responses to Architectural Displays: A Question of 

Validity”, Environment and Behavior, 7:4, pp. 485-516. 
 
Daniel, T. C. and Meitner, M. M. (2001) “Representation Validity of Landscape Visualizations: The 

Effects of Graphical Realism on Perceived Scenic Beauty of Forest Vistas”, Journal of 
Environmental Psychology, 21:1, pp. 61-72. 
 

Devlin, K. and Nasar, L. (1995) “The Beauty and the Beast: Some Preliminary Comparisons of ‘High’ 
versus ‘Popular’ Residential Architecture and Public versus Architect Judgments of Same”. In 
Groat, L. (ed.) Giving Places Meaning. London: Academic Press, pp. 171-182. 
 

Dovey, K. (1985) “Home and Homelessness”. In Altman, I. and Werner, W. C. (eds.) Home 
Environments (Vol. 8 of Human Behavior and Environment). New York: Plenum Press, pp. 33-
64. 

 
Francescato, G. (1993) “Meaning and Use: A Conceptual Basis”. In Arias, E. (ed.) The Meaning and Use 

of Housing. Averbury: Aldershot. 
 
Franklin, B. J. (2001) “Discourses of Design: Perspectives on the Meaning of Housing Quality and 

‘Good’ Housing Design”, Housing, Theory and Society 18:1/2, pp. 79-92. 
 



 
 

34 

Graumann, C. F. (2002) “The Phenomenological Approach to People-Environment Studies”. In Bechtel, 
R. B. and Churchman, A. (eds.), Handbook of Environmental Psychology. New York: John Wiley 
and Sons, pp. 95-113. 

 
Groat, L. (1995) “Introduction: Place, Aesthetic Evaluation and Home”. In Groat, L. (ed.) Giving Places 

Meaning. London: Academic Press, pp. 1-7, 19-26. 
 
--, (2000) “A Conceptual Framework for Understanding the Designer’s Role: Technician, Artist or 

Cultivator?” In P. Knox and P. Ozolins (eds.) Design Professionals and the Built Environment, 
New York: John Wiley and Sons, Inc., pp. 41-54. 

 
Groat, L. and Wang, D. (2002) Architectural Research Methods. New York: John Wiley and Sons. 

 
Hanson, J. (1998) Decoding homes and houses, Cambridge: Cambridge University Press. 
 
Hardie, G.J. (1989) “Environment and Behavior Research in Developing Countries”. In Zube, E. H.and 

Moore, G. T. (eds.) Advances in Environment, Behavior, and Design Vol. 2. New York: Plenum 
Press, pp. 119-158. 

 
Hillier, B. and Hanson, J. (1984) The Social Logic of Space, Cambridge: Cambridge University Press. 
 
Kabo, F. (2003) Rediscovering the Traditional: Use of Soil for Cement in Concrete. Unpublished paper. 
 
Kaitilla, S. (1994) “Urban residence and housing improvement in a Lae squatter settlement, Papua New 

Guinea”, Environment and Behavior 26:5, pp. 640–668. 
 

Kamau, L. J. (1978–79) “Semipublic, private and hidden rooms: Symbolic aspects of domestic space in 
urban Kenya”, African Urban Studies 3, pp. 105–115. 

 
Kemeny, J. (1992) Housing and Social Theory. London: Routledge. 
 
Korosec-Serfaty, P. (1985) “Experience and Use of Dwelling”. In Altman, I. and Werner, W. C. (eds.) 

Home Environments (Vol. 8 of Human Behavior and Environment). New York: Plenum Press, pp. 
65–86. 

 
Lang, J. (1987) Creating architectural theory: the role of the behavioral sciences in environmental 

design, New York: Van Nostrand Reinhold. 
 

Lawrence, R. (1985) “A More Humane History of Homes: Research Methods and Application”. In 
Altman, I. and Werner, W. C. (eds.) Home Environments (Vol. 8 of Human Behavior and 
Environment). New York: Plenum Press, pp. 113-132. 

 
--, (1987) Housing, Dwellings and Homes: Design theory, research and practice. Chichester: John Wiley 

and Sons. 
 
--, (1993) “The Meaning and Use of the Home: It’s Interior”. In Arias, E. (ed.) The Meaning and Use of 

Housing. Averbury: Aldershot, pp. 73-80. 
 
--, (1995) “A Psychological-Spatial Approach for Architectural Design and Research”. In Groat, L. (ed.) 

Giving Places Meaning. London: Academic Press, pp. 241-255. 



 
 

35 

 
Maclennan, D. and Bannister, J. (1995) “Housing Research: Making the Connections”, Urban Studies 

32:10, pp. 1581-1585. 
 
Major, M.D. (2001) “When is a door more than a door”. In Proceedings 3rd International Space Syntax 

Symposium, Ann Arbor: University of Michigan, TCAUP, pp. 37.1-37.14. 
 
Nasar, J. L. (1989) “Symbolic meanings of house styles”, Environment and Behavior 21:3, pp. 235–257. 
 
Porteous, J. D. and Smith, S. E. (2001) Domicide: The Global Destruction of Home. Montreal & 

Kingston: McGill-Queen’s University Press. 
 
Proshansky, H. M., Fabian, A. K. and Russell, J. A. (1995) “Place-identity: physical world socialization 

of the self”. In Groat, L. (ed.) Giving Places Meaning. London: Academic Press, pp. 87-113. 
 
Rapoport, A. (1969) House Form and Culture. Englewood Cliffs, NJ: Prentice Hall. 

 
--, (1985) “Thinking about home environments: a conceptual framework”. In Altman, I. and Werner, W. 

C. (eds.) Home Environments (Vol. 8 of Human Behavior and Environment). New York: Plenum 
Press, pp. 255–286. 
 

--, (1990) “Systems of activities and systems of settings”. In Kent, S. (ed.), Domestic Architecture and 
Use of Space (An Interdisciplinary Cross-cultural Study). Cambridge: Cambridge University 
Press, pp. 9–20. 

 
--, (2000) “Theory, Culture and Housing”, Housing, Theory and Society 17:4, pp. 145-165. 

 
Reis, A. (2003) “Original and Converted Social Housing: Spatial Configurations and Residents’ 

Attitudes”. In Proceedings 4th International Space Syntax Symposium, London: University 
College London, pp. 40.1-40.14. 

 
Sadalla, E. K. and Sheets, V. L. (1993) “Symbolism in building materials: Self-presentational and 

cognitive components”, Environment and Behavior 25:2, pp. 155–180. 
 

Sadalla, E. K., Vershure, B., and Burroughs, J. (1987) “Identity Symbolism in Housing”, Environment 
and Behavior 19:5, pp. 569-587. 
 

Saegert, S.. (1985) “The Role of Housing in the Experience of Dwelling”. In Altman, I. and Werner, W. 
C. (eds.) Home Environments (Vol. 8 of Human Behavior and Environment). New York: Plenum 
Press, pp. 287-309. 

 
Sixsmith, J. (1995) “The Meaning of Home: An Exploratory Study of Environmental Experience”. In 

Groat, L. (ed.) Giving Places Meaning. London: Academic Press, pp. 271-294. 
 
Stamps, A.E. (1993) “Validating contextual urban design photoprotocols: replication and generalization 

from single residences to block faces” Environment and Planning B: Planning and Design, 20, 
pp. 693-707. 

 
-- (1999) “Physical determinants of preferences for residential facades”, Environment and Behavior, 31:6, 

pp. 723-752. 



 
 

36 

 
Stamps, A.E. and Nasar, J.L. (1997) “Design Review and Public Preferences: Effects of Geographical 

Location Public Consensus, Sensation Seeking, and Architectural Styles”, Journal of 
Environmental Psychology, 17:1, pp. 11-32. 

 
Stamps, A.E. and Smith, S. (2002) “Environmental Enclosure in Urban Settings”, Environment and 

Behavior, 34:6, pp. 781-794. 
 

Somerville, P. and Bengtsson, B. (2002) “Constructionism, Realism and Housing Theory”, Housing, 
Theory and Society 19:3/4, pp. 121-136. 

 
Towers, G. (2000) Shelter is not enough: Transforming multi-storey housing. Bristol, UK: The Policy 

Press. 
 
Twigger-Ross, C. and Uzzell, D. (1996) “Place and Identity Processes”, Journal of Environmental 

Psychology, 16:3, pp. 205-220. 
 



 
 

37 

APPENDIX I 
 

Analysis of GEE Parameter Estimates 
Empirical Standard Error Estimates 

 

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > Z 
Intercept1 -5.3469 1.1343 -7.5702 -3.1237 -4.71 <.0001 
Intercept2 -2.6082 0.7396 -4.0578 -1.1587 -3.53 0.0004 
Intercept3 -0.4815 0.5777 -1.6138 0.6507 -0.83 0.4045 
Intercept4 1.0373 0.6508 -0.2383 2.3129 1.59 0.111 
DESIGN modA 0.9245 0.8919 -0.8235 2.6725 1.04 0.2999 
DESIGN modB 2.3368 1.0847 0.2108 4.4627 2.15 0.0312 
DESIGN modC -0.5107 0.733 -1.9473 0.9258 0.7 0.4859 
DESIGN tradA 1.6186 0.8887 -0.1233 3.3604 1.82 0.0686 
DESIGN tradB -1.3528 0.9777 -3.269 0.5635 -1.38 0.1665 
DESIGN tradC 0 0 0 0 . . 
MATERIAL matI -0.0211 0.8816 -1.7489 1.7067 -0.02 0.9809 
MATERIAL matII 0.2879 0.8685 -1.4143 1.9901 0.33 0.7403 
MATERIAL matIII -0.3355 0.946 -2.1897 1.5186 -0.35 0.7228 
MATERIAL matIV 0.3398 0.6389 -0.9123 1.5919 0.53 0.5948 
MATERIAL pour 0 0 0 0 . . 
DESIGN*MATERIAL modA matI -0.2996 1.3958 -3.0352 2.4361 -0.21 0.8301 
DESIGN*MATERIAL modA matII -0.7707 1.2035 -3.1295 1.588 -0.64 0.5219 
DESIGN*MATERIAL modA matIII 0.6266 1.5864 -2.4827 3.736 0.39 0.6928 
DESIGN*MATERIAL modA matIV -0.1296 1.0512 -2.19 1.9307 -0.12 0.9019 
DESIGN*MATERIAL modA pour 0 0 0 0 . . 
DESIGN*MATERIAL modB matI 0.9862 1.1365 -1.2412 3.2137 0.87 0.3855 
DESIGN*MATERIAL modB matII 0.4915 0.9744 -1.4182 2.4012 0.5 0.614 
DESIGN*MATERIAL modB matIII 1.8642 1.1695 -0.4279 4.1563 1.59 0.1109 
DESIGN*MATERIAL modB matIV 0.8823 1.0548 -1.1851 2.9498 0.84 0.4029 
DESIGN*MATERIAL modB pour 0 0 0 0 . . 
DESIGN*MATERIAL modC matI -0.2375 0.9508 -2.1011 1.6261 -0.25 0.8027 
DESIGN*MATERIAL modC matII -0.8521 1.1521 -3.1101 1.406 -0.74 0.4596 
DESIGN*MATERIAL modC matIII -0.3876 1.4284 -3.1871 2.412 -0.27 0.7861 
DESIGN*MATERIAL modC matIV -0.904 0.7616 -2.3966 0.5887 -1.19 0.2352 
DESIGN*MATERIAL modC pour 0 0 0 0 . . 
DESIGN*MATERIAL tradA matI -1.2577 1.3641 -3.9312 1.4159 -0.92 0.3565 
DESIGN*MATERIAL tradA matII 0.0578 0.7626 -1.4368 1.5524 0.08 0.9395 
DESIGN*MATERIAL tradA matIII -0.0675 1.6143 -3.2314 3.0964 -0.04 0.9667 
DESIGN*MATERIAL tradA matIV -0.3892 0.884 -2.1218 1.3435 -0.44 0.6598 
DESIGN*MATERIAL tradA pour 0 0 0 0 . . 
DESIGN*MATERIAL tradB matI 1.849 1.1325 -0.3706 4.0686 1.63 0.1025 
DESIGN*MATERIAL tradB matII 0.7294 1.4693 -2.1504 3.6091 0.5 0.6196 
DESIGN*MATERIAL tradB matIII 2.0281 1.2154 -0.3541 4.4102 1.67 0.0952 
DESIGN*MATERIAL tradB matIV 0.6775 0.6996 -0.6937 2.0486 0.97 0.3329 
DESIGN*MATERIAL tradB pour 0 0 0 0 . . 
DESIGN*MATERIAL tradC matI 0 0 0 0 . . 
DESIGN*MATERIAL tradC matII 0 0 0 0 . . 
DESIGN*MATERIAL tradC matIII 0 0 0 0 . . 
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DESIGN*MATERIAL tradC matIV 0 0 0 0 . . 
DESIGN*MATERIAL tradC pour 0 0 0 0 . . 
 

Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 4.96 0.4211 
MATERIAL 4 0.92 0.9211 
DESIGN*MATERIAL 6 6.00 0.4232 

 
 Analysis Of GEE Parameter Estimates  
 Empirical Standard Error Estimates  

Parameter Estimate 
Standard 

Error 95% Confidence Limits Z Pr > |Z| 
       
Intercept1 -6.2745 0.9991 -8.2327 -4.3164 -6.28 <.0001 
Intercept2 -3.6266 0.7281 -5.0537 -2.1995 -4.98 <.0001 
Intercept3 -1.5509 0.7065 -2.9356 -0.1662 -2.2 0.0282 
Intercept4 -0.0669 0.5962 -1.2354 1.1017 -0.11 0.9107 
DESIGN modA 1.7486 0.3893 0.9857 2.5116 4.49 <.0001 
DESIGN modB 4.0382 0.977 2.1234 5.9531 4.13 <.0001 
DESIGN tradA 2.1711 0.6194 0.957 3.3852 3.5 0.0005 
DESIGN tradB 0.6907 0.8478 -0.9709 2.3524 0.81 0.4152 
DESIGN tradC 0.946 0.7003 -0.4265 2.3185 1.35 0.1767 
DESIGN z_mod 0 0 0 0 . . 
MATERIAL matI 0.0862 0.4253 -0.7473 0.9197 0.2 0.8394 
MATERIAL matII 0.1931 0.2319 -0.2614 0.6476 0.83 0.4051 
MATERIAL matIII 0.3177 0.4759 -0.615 1.2504 0.67 0.5044 
MATERIAL matIV 0.3272 0.3724 -0.4026 1.057 0.88 0.3795 
MATERIAL z_pour 0 0 0 0 . . 

 
Score Statistics For Type 3 GEE Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 4.96 0.4205 
MATERIAL 4 1.36 0.8512 

 
LR Statistics For Type 3 Analysis 

Source DF Chi-Square Pr > ChiSq 
    
DESIGN 5 69.55 <.0001 
MATERIAL 4 0.76 0.9431 
DESIGN*MATERIAL 20 10.71 0.9535 
  

LR Statistics For Type 3 Analysis 

Source DF Chi-Square Pr > ChiSq 
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DESIGN 5 66.19 <.0001 
MATERIAL 4 0.72 0.9488 

 
The main effects pattern in the pilot study models closely follows that of the main study 
(counting the linear regression models). The ‘materials’ main effect is non-significant, as are the 
level-wise differences within this effect. The level-wise differences within the ‘design’ main 
effect with modC as the reference level are both extremely significant (modA, modB, and tradA) 
and non-significant (tradB and tradC). The main difference between the pilot study models is in 
the rank ordering within each main effect. For example, the highest ranked design in the pilot 
study model is modB, while the main study model equivalent is modA. 

 

Above are the best (left) and worst (right) ranked houses in the pilot study. 

hse11 

modB 
matIII 

brick 
single-storey 

hse8 

tradB 
pour 

poured 
single-storey 
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APPENDIX II 
A. Examples of houses used in the houses’ rating exercise 

 
 

hse19 

modA 
matIII 
brick 
multi-storey 

hse13 

modC 
matI 
brick 
single-storey 

hse26 

tradA 
matIV 
brick 
multi-storey 
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hse17 

modA 
pour 
poured 
multi-storey 

hse30 

tradC 
matI 
brick 
single-storey 

hse26 

modC 
matIV 
brick 
single-storey 

hse2 

tradB 
matII 
brick 
single-storey 
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B. These are the 4 materials that were used to render the houses. 
 

 
C. Below are images of 4 of the samples used in the materials’ rating exercise. 

 

matl6 

soilB 
mixIII 

matl7 

soilA 
mixV 

matl8 

soilC 
mixIV 

matl9 

soilC 
mixII 

matI 

soilC 
mixI 

matII 

soilB 
mixII 

matIII 

soilA 
mixI 

matIV 

PC 
PC 
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D. The images below are types of houses, modern and traditional, that currently exist 

in Kenya. 
 

 

1. Traditional multi-storey houses (Blij, 1968, p.17)

4. Traditional single-storey houses (Blij, 1968, p.72)

2. Modern multi-storey 
house (Ministry of 
Finance, 1973, p.144) 

3. Traditional single-storey houses (Blij, 1968, p.63)

5. Modern single-storey houses (Ministry of Finance, 
1973, p.145) 

6. Modern single-storey houses (Blij, 1968, p.66)
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‘Traditional’ houses are those which were unavailable to urban African Kenyans prior to 1960, 
and ‘modern’ houses are those which only became easily available to African Kenyans starting 
from around 1960. 
  


