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Research 

Correspondence Analysis: A New 
Method for Analyzing Qualitative 
Data in Architecture 
Abstract. This article aims at establishing a new 
application of the correspondence analysis (CA) 
method for analyzing qualitative data in architecture 
and landscape architecture. This method is primarily 
used in genealogy but is here, for the first time, applied 
to architectural studies. After introducing a qualitative 
method based on coding process, a practical guide for 
using CAQDAS (Computer-Assisted Qualitative Data 
Analysis Software) is provided. The software NVivo-8 
is applied to analyze the data. CA, a multivariate 
statistical technique, is used to identify the underlying 
structure of the data and visualize the results. For the 
purpose of testing this method in practice, the National 
Garden of Tehran was selected as a case study to 
provide the data. The focus is on visualizing the 
similarities between the properties of the National 
Garden of Tehran and several different garden design 
styles. Two reliability tests were performed to verify the 
results, indicating that the National Garden of Tehran 
has many characteristics similar to those of a typical 
Baroque garden style. We believe that this new method 
may have wide application possibilities for studies on 
architecture, urban design, and landscape architecture. 

Keywords: Landscape architecture, computer 
technology, statistics, qualitative data analysis (QDA), 
correspondence analysis (CA)

1 Introduction 
Quantitative and qualitative data analyses are both fundamental research methods in 

architecture and landscape architecture. The types of data primarily used in architecture 
studies are qualitative, and include texts, photos, maps and drawings. For all these data, 
qualitative analysis plays an important role. Recent developments in qualitative data 
analysis methods have opened up new possibilities for social researchers and made 
significant contributions to studies using empirical data in social sciences. 

Coding and classification of the data are among the most common methods in 
qualitative data analysis. Here “coding” refers to the data being categorized to facilitate 
analysis, commonly with a view to computer processing. Coding and classification of 
data are much used in many disciplines within the fields of social and medical sciences. 
Despite the common use of these methods in social sciences, few scholars in architecture 
have used coding analysis and computer technology in their studies. Among the few 
recent architecture studies that have employed coding analysis we may mention Castiglia 
and Bevilacqua [2008], Eilouti [2008], and Wahba [2010]. More specifically, Wahba 
[2010] used data classification and comparison methods to analyze data relating to 
energy-shape and beauty of constructions. Similarly, Castiglia and Bevilacqua [2008] 
employed synthetic methods to analyze the vaults in Kala’s Hammam in El Basan. When 
it is possible to convert qualitative data into quantitative data, comparison between items 
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2.2 Corresponding analysis (CA) method 

becomes much easier. As an example of this, Eilouti [2008] converted qualitative data, 
namely the photos of architectural facades, into quantitative codes and then analyzed the 
façade morphology of several buildings through finite state automaton (FSA).  

The principal aim of this paper is to use the correspondence analysis (CA) method to 
analyze and visualize quantitative architectural data. The case study analyzed here aims to 
determine which garden design style had the greatest influence on the National Garden 
of Tehran. The data are derived from comparisons between the National Garden of 
Tehran and various well-known garden design styles. While some of the present methods 
have been used in social sciences, as indicated above, they have not previously been 
applied in architectural studies. Here we employ coding processes using the software 
NVivo-8 to convert the qualitative data to quantitative data and then to visualize the 
results using the CA method. 

2 Methodologies 
2.1 Coding processes 

Among the most important methods for qualitative data analysis is the “coding 
method”. Initially, the coding method was introduced by Glaser and Strauss [1965, 
1967] in relation to health issues. Subsequently, considerable efforts have been made to 
improve the coding process and its compatibility with different fields and disciplines. 
DeCuir-Gunby et al. [2011] discuss the general structure of the coding method and show 
how to use codebooks (a document type used for gathering and storing codes) in 
qualitative studies. There have been many discussions in scientific literature about coding 
methods and codebooks (e.g., [Ryan and Bernard 2000; Mason and Dicks 2001; 
Franklin et al 2010; DeCuir-Gunby et al 2011]). Nevertheless, experts in qualitative 
research methods have not yet been able to establish a universally acceptable set of coding 
procedures [Coffey and Atkinson 1996; DeCuir-Gunby et al. 2011]. 

Codes can be developed a priori from existing theories or concepts (theory-driven). 
They can also emerge from the basic data (data-driven) and may also be obtained from a 
specific project aims and questions (structural codes). Most codes, however, are either 
theory-driven or data-driven [Ryan and Bernard 2000].  

Using a codebook is regarded as an initial and crucial step in the coding process 
[DeCuir-Gunby et al. 2011]. Housley and Smith [2011] provide the definition that 
coding should be regarded as a part of analytical procedure by which data, both 
quantitative and qualitative, are categorized so as to facilitate the analysis process. In fact, 
the classification of data is a principal step to prepare data for computer processing when 
using statistical software. The coding method is commonly used to transform the data 
into a form which is suitable for a computer and thereby produce a theoretical framework 
for research [Glaser and Strauss 1965, 1967]. Seidel and Kell [1995] suggest three steps 
in relation to the coding process: 1) consider the events relevant to your study; 2) collect 
instances of the events; 3) analyze the events so as to find similarities and differences as 
well as  patterns and structures.  

To facilitate and increase the validity of research, Computer-Assisted Qualitative 
Data Analysis Software (CAQDAS) is generally used for the coding process. Initially, 
CAQDAS emerged in the mid- to late-1980s [Mangaberia, Lee and Fielding 2004]. The 
rapid development of CAQDAS has been of considerable help as regards importing, 
storing, grouping, and coding data [Mehmetoglu and Dann 2003]. Mason and Dicks 
[2001] suggest that theory and the new computer-mediated communication technology 
coding will converge into a combined, successful method for many types of qualitative 
data analyses. 
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MacMillan and Koenig [2004], Alexa and Zuell [2000], and Mangaberia et al. [2004] 
discuss the basis of the different types of the CAQADS software. Some other studies have 
addressed the application of CAQADS software to qualitative data analysis (e.g., [Hwang 
2008; Pan et al. 2008; Sin 2008; Housley and Smith 2011; Zapata-Sepulveda et al. 
2011]. It has been noted by many that CAQDASs are not softwares for automatically 
analyzing the data; they must rather be regarded as computer tools for helping researcher 
to facilitate the data analysis [Sin 2008; Weitzman and Miles 1995]. For this reason, 
there have been many studies intended to demonstrate and guide the applications of such 
softwares in different fields [Housley and Smith 2011]. There are many different types of 
the software, but the most commonly used are Atlas.ti, NVivo, and Hyper Research.            

NVivo is a popular qualitative data analysis software which provides useful tools for 
academic research (see www.qsrinternational.com). Zapata-Sepulveda et al. [2011] 
suggest that NVivo increases the validity and reliability of the results. An important 
advantage of this software in comparison with others is its ease of use. Also, the software 
is compatible with different languages and can load data in different formats, including 
PDF, text, audio, video and image. 

There are two different types of code structure in NVivo: “tree node” and “free 
node”. If the data and their associated codes are organized according to content, themes, 
and research aims in a hierarchical structure, then the method is known as a “tree node” 
structure [www.qsrinternational.com]. However, if the data is just classified with the aim 
of finding some patterns or structures that can lead to a general hypothesis, then it is 
known as a “free node” structure. The tree node structure is more akin to rationalism and 
the deduction method in science, whereas the free node is more akin to empiricism and 
the inductive method in science. Tree node structure is used for the coding process in 
this present research.   

2.2 Corresponding analysis (CA) method 

Correspondence analysis is an exploratory/descriptive data analysis technique that is 
used to identify the systematic relations between two or more categorical variables 
[Hoffman and Frank 1986; Bendixen 1996; Beh 2004; Duller 2010; Greenacre 2007, 
2010]. The technique applies primarily to a cross-tabulation or a contingency table of 
two or more categorical variables, containing discrete or categorical measurements. 
However, the method can be extended to frequency tables, ratio-scale data in general, 
binary data, and preferences and fuzzy-coded continuous data [Greenacre 2010: 75]. 
This means that one can examine the relations not only among row or column variables 
but also between them.  

CA provides useful information about the data and allows one to explore the 
underlying structure of categorical variables [Greenacre 2007, 2010; Doey and Kurta 
2011]. More specifically, the CA technique is a tool to transform a table of numerical 
information, commonly with a large number of data, into a graphical display known as a 
biplot (Gabriel biplot), in which each row and each column is shown as a point. A biplot 
often makes comparison between numerical information easy and helps identify the 
relations between the different elements under consideration.  

A simple scatter plot of two variables has two perpendicular axes, namely the 
horizontal x-axis and the vertical y-axis. By contrast, a biplot has as many axes as the 
existing variables, which can have any orientation in the display. Fig. 1 shows the 
difference between a general scatter plot and a biplot [Greencare 2010: 9].  
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Fig. 1. A simple scatter plot of two variables (left) and a biplot of many variables (right). Red dots 

represent data points and axes represent variables (see [Greencare, 2007, 2010]). 

The main purpose of CA is to reduce the dimensions of the contingency table and 
visualize the data in a two-dimensional or possibly a three-dimensional graph. One 
advantage is that the graphical display in CA is in a space of reduced dimensionality, 
usually two-dimensional, compared to the true dimensionality of the data. The analytical 
part of the CA method consists then in finding the correct location of points and the 
orientations of the axes in this reduced space so as to approximate the data as closely as 
possible. Given that the aim of this paper is primarily to explore applications of the CA 
method in architecture, the mathematics involved in calculating dimensions is beyond 
the scope of the paper, for which the reader is referred to standard treatments (e.g, 
[Clausen 1998; Greencare 2007, 2010]).     

There are many concepts used in the CA method. These are defined and discussed in 
detail in several textbooks [e.g, Clausen 1998; Greenacre 2007, 2010]. Some of the 
principal concepts may be briefly defined as follows:  

 Margin frequency. The total frequency of each row or column is named the 
margin frequency of that row or column. The concept is very useful when 
calculating row and column profiles and masses.  

 Grand total. This refers to the total margin frequency of all rows or all columns.  

 Row and column profile. The row and column profile is equal to the frequency of 
each element divided by the margin frequency of that row or column. 

 Row and column mass. In the CA method, the mass of each column/row is equal 
to the margin frequency of that column/row divided by the grand total frequency 
of the elements. 

 Centroid. In the CA method, the centroid is the geometric center of the graph. 
The row and column profiles and mass have a great effect on centroid of the 
graph.  

 Inertia (here meaning the moment of inertia). In the CA method, the total inertia 
value, also known as variance, describes the level of association, or dependence, 
between variables. It shows how well the row and column profile points are 
represented in the graphical display.  

 Chi-square ( 2 ) statistic (a weighted Euclidean distance). This is a measure of 
the discrepancy between the observed and expected frequencies. CA uses the chi-
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square statistic to measure the distance between points on the biplot [Ebdon 
1985; Clausen 1998; Greencare 2010; Navidi 2011]. In addition, the chi-square 
distance measures the association between variables. The chi-square distance can 
be used to examine the relation between categories of the same variables but not 
the between variables of different categories.   

In this paper, much use is made of the concept of a contingency table N (I, J ). The 
table displays the frequency for each combination of two or more variables, that is,  ijn , 

with I rows (i=1, 2, … I ) and J columns (j =1,2,…, J ). To clarify the terms related to 
the contingency table, the following definitions may be helpful. Row and column margin 
frequencies are denoted by in + and n+j respectively and are given by  

j
iji nn  

(1) 

and 

i
ijj nn  (2) 

The total margin frequencies or the grand total are given by  

j i
ijnn  

(3) 

The rij  and cij are row and column profiles are given respectively by 

i

ij
ij n

n
r  (4) 

j

ij
ij n

n
c  (5) 

where ri  and cj  are the mass of row i and the mass of column j, respectively, and defined 
as 

n
nr i

i  (6) 

n
n

c j
j

 
(7) 

Each row and column profiles of the table have an inertia which is a portion of the total 
inertia. The inertia of ith row profile is given by 

2)(

j j

jij
i c

cr
rInertia  (8) 

The inertia of jth column profile is computed similarly. Accordingly, the total inertia of 
the contingency table is given by the square of “phi-coefficient”, namely as 

2
2 )(

i j ji

jiij
cr
crp

 (9) 
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Here pij  is relative frequency and is given by 

n
n

p ij
ij  (10) 

Equation (9) can also be written as 

n

2
2  (11) 

which is Pearson’s chi-square statistic divided by the grand total n. The chi-square 
statistic is then given by 

e
d 2

2  (12) 

where 2   is the symbol for chi-square, d is the difference between the observed and the 
expected frequency for each variable in each category, and e is the associated expected 
frequency. Each expected frequency can be calculated by:  

(column margin frequency x row margin frequency) / grand total. 

3 Application    
3.1 The National Garden of Tehran (Baq-e-Melli) 

The National Garden of Tehran is located in the city of Tehran, has been chosen as 
the case study for applying the present method. The National Garden of Tehran was 
built in 1928 (in the first Pahlavi period of the Persian calendar). The place was the first 
public green space built at that time, and is recognized as the first city park in Iran. This 
square-shaped park was built as a part of a large city square but was destroyed around five 
years later in 1933 (fig. 2). The basic data from the garden used in this study include 
aerial photographs, texts, newspaper images, magazine documents, and images from 
private archives.  

3.2 Coding method 

Several sources (e.g., [Turner 2005; Rohani 2010; Shahcheragi 2010]) were studied 
to collect the relevant information about the historical background of different garden 
design styles worldwide. These were used to create the associated codes in connection 
with the National Garden of Tehran. From the data collected, the main points are 
marked with a series of codes. The identified codes, in addition, reflect the aims of the 
study.  

The garden styles selected were those regarded as most likely to have influenced the 
design of the National Garden of Tehran. The properties of the chosen garden styles 
were identified and classified in view of the research aims. A total of seventy-two sub-
codes were marked based on different properties of garden design styles and the National 
Garden of Tehran. Then, all seventy-two sub-codes were grouped into seven main groups 
of codes. These seven selected main groups of codes are related to five main garden 
design styles that were thought most likely to have influenced the design of National 
Garden of Tehran. We choose two coders to do the tests of research reliability. The 
details are discussed below in the section on reliability tests. 
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Fig. 2. The National Garden of Tehran. a) An aerial view. The garden, marked with dotted-red 

square, is located in the west part of the Mashgh square. The entrance is in east, marked with a red 
arrow. Source: [Khadem 1928]; b) A view of the entrance. Source: [Tahami 1928]; c) Sketch map 

of the layout of the park based on the aerial photo. Source: the authors. 

The seven main groups of codes, all of which refer to the properties of the National 
Garden of Tehran (Table 1), are 1) decoration ; 2) geometry and axes ; 3) nature and its 
elements ; 4) order ; 5) architecture and artistic elements ; 6) relation with city and 
environment ; 7) function. Some main codes (properties) have sub-codes. For example, 
decoration has sub-codes that refer to all decorative figures used in gardens, including 
fountains, basins, garden pavings, gravel paths, and ornamental flower as well as trees or 
bushes trimmed into ornamental shapes. Similarly, geometry and axes has sub-codes that 
refer to organic and grid patterns of pathways, symmetric and asymmetric axial views and 
perspectives, as well as regular and irregular shapes of parterres. Also, nature and its 
elements has sub-codes that refer to all kind of natural elements used in gardens, 
including water, types of trees, plants, and evergreen shrubs. So does architecture and 
artistic elements, where the sub-codes refer to all architectural structures inside the 
gardens, such as entrance, walls, stairways, fences, statues and sculptures, as well as 
pavilions. The sub-codes of relation to city and environment refer to the extent to which 
the gardens were separated from their surroundings and whether they could be 
characterized as “introverted” or “extroverted”.  However, two main codes do not have 
sub-codes. These are order, which refers to general layouts of gardens and function, 
which reflects the degree to which the gardens were used as private versus public places.              

The numbers in Table 1 indicate the frequencies of common properties, that is, how 
many sub-codes are common between the garden design styles and the properties of the 
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National Garden of Tehran. For example, 0 means that there are no common sub-codes, 
1 means there is one common sub-code and so on. Similarly, 6 indicates that there are six 
sub-codes under the property of the geometry and axes which the National Garden of 
Tehran has in common with the Baroque style. Thus, the higher the number, the greater 
is the similarity between the garden design styles and the National Garden of Tehran. As 
mentioned above, two main codes, namely function and order, do not include any sub-
codes. As a consequence, the highest value in the corresponding columns is 1 (Table 1). 
For example, Persian gardens (row 3 in Table 1) are mainly private gardens: therefore, 
they have no similarity with the National Garden of Tehran and get the code number of 
0. However, the National Garden of Tehran is a public garden, similar to the Industrial 
Revolution Public Park, and gets the code number of 1.  

3.3 Coding process using CAQDAS 

Here NVivo-8 is used for the coding processes of the National Garden of Tehran. All 
the data, including the photos, drawings and texts, were loaded into the software. Then 
the previously established and defined codes were imported. As mentioned before, in this 
research tree node structure is used for coding processes. Whenever there was similarity 
between the properties of the National Garden of Tehran and the identified garden 
design styles, the related code was allocated to the part of the data indicating that 
similarity. Fig. 3 shows a representation of coding process in NVivo-8.   

 
Fig. 3. Coding process of the National Garden of Tehran by NVivo-8 

3.4 Visualizing quantitative data 

The next step after the coding process is to prepare the quantitative data in a suitable 
format, and make them ready for visualization. Statistical plots are one of the most 
important forms of quantitative data analysis, and very useful tools for visualization of 
data. Thus, visualizing the data through histograms and bar charts helps to understand 
better and interpret accurately the relations between different variables [Pan, Chon and 
Song 2008; Greenacre 2010: 9]. 

Although NVivo has tools for visualizing several types of graphs, its capabilities for 
visualization are quite limited. Thus, using different statistical softwares can be 
appropriate and helpful (e.g., [Pan et al. 2008; Zapata-Sepulveda et al. 2011]). For 
example, after coding process by NVivo the results can be exported to Excel or SPSS 
applications for  manipulation of the quantitative data [Sin 2008] and make them ready 
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for visualization. Table 1 shows the results of the prepared data in relation to garden 
design styles and the properties of the National Garden of Tehran. As mentioned above, 
in the coding method, the frequencies show the degree of similarity between the garden 
design styles and the National Garden of Tehran. As mentioned before, the lowest value, 
namely 0, indicates no similarity between the corresponding garden design style and the 
associated property of the National Garden of Tehran. For example, the English style and 
the National Garden of Tehran have no similarity as regards decoration. In contrast, as 
regards geometry and axes properties, the highest degree of similarity is between the 
Baroque style and the National Garden of Tehran. 

 

 The Properties of the National Garden of Tehran 

Garden 

styles 
Decoration Geometry 

and Axes 
Nature 
and its 

Elements 
Order 

Architectural 
and Artistic 
Elements 

Relation 
with City 

and 
Environment 

Function 

Baroque 3 6 1 1 1 0 0 

English 0 1 1 0 2 0 0 

Persian 0 2 1 0 2 1 0 

Renaissance 2 2 1 0 0 2 0 

Industrial 
Revolution 

Public Park 
0 4 0 1 0 3 1 

Table 1. Correspondence table shows the frequencies of each variable in each category. There are 
two categories, namely garden design styles, with 5 variables, and properties of National Garden of 

Tehran, with 7 variables 

 

To visualize the results in a statistical graph, the cumulative frequency of each 
property in relation to garden design styles were calculated (each row). According to fig. 
4, the Baroque garden was the most influential garden style in the National Garden of 
Tehran with a total consistency degree of 12. 

 
Fig. 4. The frequency plot of the National Garden of Tehran properties and garden styles 
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However, column graphs appear to be somehow limited in their ability to display all 
the data in large contingency tables [Greenacre 2010: 9]. To deal with the limitations of 
column graphs, in the case of having large number of data, a new and more accurate tool 
can be used to visualize the data. CA is one of the most common statistical graphs which 
can be used for displaying information clearly and in an easily understandable graphical 
diagram.   

3.5 Correspondence analysis of the National Garden of Tehran   

In this study, CA is used to visualize the similarities between the garden styles and the 
properties of the National Garden of Tehran. This method has been used in many fields, 
but is here for the first time applied to genealogy studies in architecture and landscape 
architecture. This section describes the application of the CA method to the chosen case 
study, the National Garden of Tehran.   

Using this method has several advantages over other techniques of data analysis, 
namely the following:  

1. CA, as a multivariate method, can be used to visualize two or more categorical 
variables. Therefore, it can reveal relations between the data which would not be 
detected in the case of pairwise or comparison variables;  

2. The results of the CA method are shown in graphical display, known as a biplot, 
of rows and column points and can be used to detect the structural relations 
among the categorical variables; 

3. The data format for using the CA technique is very flexible, although the data has 
to be in matrix format with a non-negative value.  

Table 1 shows the frequencies of all variables, obtained from the coding process. The 
rows correspond to garden design styles and the columns correspond to the properties of 
National Garden of Tehran. The margin frequencies for rows and columns can be 
calculated using equations (1, 2), as shown in Table 2. The grand total or total margin 
frequency, calculated from equation (3), is equal to 38 (Table 2). This table has been 
used as a base to calculate the relative frequencies, known as row profiles and column 
profiles, across all cells using equations (4) and (5). The row profiles (Table 3) and 
column profiles (Table 4) are the frequency of each variable divided by the margin 
frequencies of the corresponding row and column. For example, for row “Baroque” and 
the column “Decoration” the row profile is: 3/12= 0.250, while for the same cell the 
column profile is: 3/5=0.600. This means, for example, the first cell (row “Baroque” and 
column “Decoration”) represents 25% of the mass (explained below) in the first row and 
60% of the mass in the first column. The summations of each row in row profiles and 
each column in column profiles should be equal to 1. Therefore, row and column 
profiles show the distribution of masses throughout the Tables 3 and 4. The column 
masses which are shown in Table 3 can be calculated from equation (6) and are defined 
as the margin frequency of that particular column divided by the grand total n (n=38). 
For example, the first column mass is calculated as 5/38=0.132).  Similarly the row 
masses (shown in Table 4), using equation (7), defined as the margin frequency of that 
particular row divided by the grand total n (e.g., the first row mass is calculated as 
12/38=0.316). 
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Baroque 3 6 1 1 1 0 0 12 

English 0 1 1 0 2 0 0 4 

Persian 0 2 1 0 2 1 0 6 

Renaissance 2 2 1 0 0 2 0 7 

Industrial 
Revolution 

Public Park 
0 4 0 1 0 3 1 9 

Margin 
Frequency 

5 15 4 2 5 6 1 38 

   

Table 2. Correspondence table for the margin frequencies of each row and column and the grand 
total 
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T
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Baroque 0.250 0.500 0.083 0.083 0.083 0.000 0.000 1.000 

English 0.000 0.250 0.250 0.000 0.500 0.000 0.000 1.000 

Persian 0.000 0.333 0.167 0.000 0.333 0.167 0.000 1.000 

Renaissance 0.286 0.286 0.143 0.000 0.000 0.286 0.000 1.000 

Industrial 
Revolution 

Public Park 
0.000 0.444 0.000 0.111 0.000 0.333 0.111 1.000 

Column 
Mass 

0.132 0.395 0.105 0.053 0.132 0.158 0.026 1.000 

 

Table 3. Row profiles and the column-mass values across the bottom 
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Baroque 0.600 0.400 0.250 0.500 0.200 0.000 0.000 0.316 

English 0.000 0.067 0.250 0.000 0.400 0.000 0.000 0.105 

Persian 0.000 0.133 0.250 0.000 0.400 0.167 0.000 0.158 

Renaissance 0.400 0.133 0.250 0.000 0.000 0.333 0.000 0.184 

Industrial 
Revolution 

Public Park 
0.000 0.267 0.000 0.500 0.000 0.500 1.000 0.237 

Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

Table 4. Column profiles and the row-mass values 

 

Each row profile of Table 3 and column profile of Table 4 has an inertia which is a 
fraction of the total inertia (indicated in Tables 5 and 6), which can be calculated from 
equation (8) (indicated in Tables 7 and 8). For example, the following example shows the 
calculated inertia for the first row, “Baroque”, which appears in the overview of row 
points in Table 7.  
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The total inertia is simply calculated from equations (9) and (10) and is equal to 
0.691 (Table 5). The total inertia or variance in CA has a close connection with the chi-
square statistic and is defined as a measure of statistical association between rows and 
columns. The total inertia can also be calculated from equation (11), that is, the chi-
square statistic (26.248) divided by the grand total (38). The chi-square statistics for rows 
and columns, as well as the total chi-square statistic, are calculated from equation (12) 
and shown in Table 6. The following example shows the calculated chi-square statistics 
for the first row, namely Baroque (marked in bold), using equation (12) and the simple 
rule for calculating expected frequency cited earlier, that is, column margin frequency 
times row margin frequency divided by grand total (the calculated expected frequencies 
are not presented here): 
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 Proportion of Inertia 
Confidence Singular 

Value 

 Correlation Dimension 

Singular 
Value Inertia Chi 

Square
Significant

(p-value) 

Accounted 
for 

Cumulative
Standard 
Deviation 2 

1 0.607 0.368 – – 0.533 0.533 0.106 0.354 

2 0.471 0.222 – – 0.322 0.855 0.095  

3 0.309 0.096 – – 0.138 0.993   

4 0.070 0.005 – – 0.007 1   

Total  0.691 26.248 0.341 1 1   

 

Table 5. Summary of the main statistical results 
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Baroque 1.279 0.337 0.055 0.215 0.212 1.895 0.316 44.308 

English 0.526 0.212 0.796 0.211 44.126 0.632 0.105 6.608 

Persian 0.789 0.057 0.215 0.316 1.856 0.003 0.158 3.394 

Renaissance 1.264 0.211 0.094 0.368 0.921 0.724 0.184 3.767 

Industrial 
Revolution 

Public Park 
1.184 0.056 0.947 0.585 1.184 1.754 2.459 8.170 

Total 5.043 0.874 2.107 1.694 8.300 5.008 3.222 226.248 

 

Table 6. Chi-square statistics for rows and columns and the total  

The statistical summary shows a variety of useful information (Table 5). The 
maximum number of dimensions that can be extracted from a two-way contingency table 
is equal to the minimum of the number of columns minus 1, and the number of rows 
minus 1. Therefore, 4 dimensions were extracted. If we choose to extract the maximum 
number of dimensions, then we can represent exactly all the information contained in the 
table. By reducing the dimensions of the graph, some information will be lost. But the 
amount of information that can be shown in a two-dimensional CA graph is related to 
the proportion of inertia for each dimension, which is a high proportion for the first two 
dimensions. Generally, in a CA graph, two dimensions are used for showing the results, 
and therefore that percentage of total variability that is explained by the first two 
dimensions.  
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  A singular value is simply the square root of an inertia value, which describes the 
maximum linear correlation between the categories of the variables for any given 
dimension. Singular values can be interpreted as correlations between the row and 
column scores in dimension shown in Tables 7 and 8. For example, the singular value for 
dimension 1 is 0.607, that is, the correlation between the row and column scores for 
dimension 1. Similarly, the singular value for dimension 2 is 0.471, that is, the 
correlation between the row and column scores for dimension 2.  

The total inertia value represents the variance of the data in the correspondence table. 
The inertia value for each dimension, therefore, reflects the relative importance of that 
dimension. The first dimension (0.607) and the second dimension (0.471) are always the 
most important ones.  

The chi-square statistic tests the hypothesis that the total inertia value is/is not 
different from zero by simply looking at the p-value. The p-value measures the 
plausibility of hypothesis. The p-value here is greater than 0.05 (a common cut-off 
value), which indicates that the total inertia is significantly different from zero, and 
therefore that the hypothesis is plausible. It is important to note that CA is a non-
parametric statistic. This means there is no theoretical distribution to which the observed 
distances can be compared. Therefore, contrary to the classical applications of the chi-
square test, using chi-square test in CA does not reveal whether the association between 
variables is statistically significant. In fact, CA uses the chi-square statistic only to test the 
plausibility of total inertia value.  

The proportion of inertia columns represents the contribution of total inertia for each 
dimension. It is calculated as each inertia value divided by the total (0.368/0.691=0.533). 
For example, the first dimension (0.368) explains 53.3% of the total inertia (0.691). 
However, dimension 1 and 2 together (0.59) explain 85% of the total inertia, that is, the 
variation in the data. The standard deviation column refers to the standard deviation of 
the singular values and shows the relative precision of each dimension. Finally, the 
correlation column refers to the correlation between dimensions. 

To visualise the row and column points and their relations in the correspondence 
map in two dimensions, 1 and 2, the row and column coordinates are calculated, using 
the statistical program SPSS, and the results shown in Tables 7 and 8. The overview row 
points (Table 7) shows masses, scores in dimension (coordinate points), inertia, the 
standard deviations of each row score in dimensions 1 and 2, and finally their 
correlations. The contribution of each row to the dimensions and each dimension to the 
rows were also calculated (Table 7). The mass for each row is already explained (Table 4). 
The score in dimensions shows each row’s score on dimension 1 and dimension 2. The 
scores are derived based on the proportions (mass) for each cell, column and row, when 
compared to the grand total n. The scores are representative of dimensional distance and 
are used as coordinates for points when plotting the correspondence map (CA graph) 
below (fig. 5). The inertia column shows the amount of variance of each row explained 
by the total inertia value. The confidence row points show the standard deviations of the 
row scores (the values used as coordinates to plot the correspondence map) and are used 
to assess the score precision, as well as the correlation between the row dimension scores. 
The overview column points (Table 8) are similar to the row points.  
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 Score in Dimension Confidence Row Points 

  Standard Deviation in 
Dimension Correlation Garden styles 

Mass 
1 2 

Inertia 

1 2 1-2 

Baroque 0.316 0.007 0.758 0.113 0.658 0.446 -0.229 
English 0.105 1.573 -0.527 0.174 0.692 0.897 0.369 
Persian 0.158 0.795 -0.560 0.089 0.714 0.525 0.121 

Renaissance 0.184 -0.339 0.535 0.099 0.522 0.919 0.199 
Industrial 

Revolution 
Public Park 

0.237 -0.975 -0.819 0.215 0.540 0.527 -0.884 

Total 1.000   0.691    

Table 7. Overview of row points 

 

 Score in Dimension Confidence Row Points 

  Standard Deviation in 
Dimension Correlation Property 

Mass 
1 2 

Inertia 

1 2 1-2 

Decoration 0.312 -0.216 1.418 0.133 0.937 0.300 0.095 
Geometry and 

Axes 0.395 -0.151 0.098 0.023 0.332 0.401 0.248 

Nature and its 
Elements 0.105 0.839 0.109 0.055 0.369 0.601 0.023 

Order 0.053 -0.798 -0.065 0.045 0.605 1.029 0.469 
Architectural 
and Artistic 
Elements 

0.0132 1.564 -.600 0.218 0.496 0.727 0.840 

Relation with 
City and 

Environment 
0.158 -0.771 -.688 0.132 0.648 0.846 -0.142 

Function 0.026 -1.607 -1.737 0.085 1.714 1.313 0.039 

Total 1.000   0.691    

Table 8. Overview of column points 

To show the results, first we plot the row and column points separately (Tables 7 and 
8). The two graphs in fig. 5 show the column points for National Garden of Tehran 
properties and row points for garden design styles. The graphs display the scores for each 
category on both dimensions (dimension 1 horizontal axes and dimension 2 vertical axes) 
(Tables 7, 8). It is more common to show the row and column coordinates in single plot, 
called a “biplot” (fig. 6). The biplot correspondence map shows each category scores on 
both dimensions for both garden design styles and properties of the National Garden of 
Tehran. The biplot for row and column points can be interpreted in different ways 
depending on different methods used to standardize the row and column scores given in 
Tables 7 and 8. Symmetrical normalization, a default method in SPSS, is a technique 
used here to standardize the row and column scores in order to be able to make general 
comparison between the data. Symmetrical normalization divides the inertia equally over 
both the rows and columns. Distances between categories for a single variable cannot be 
interpreted, but distances between the categories for different variables are meaningful. 
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Fig 5. Separate plots for the rows and columns points  

 
Fig. 6. Biplot correspondence map 

4 Reliability tests 
To explore the results, two reliability tests are used. Reliability tests are different from 

validity tests. The latter is more common in quantitative research, whereas the former is 
used more in qualitative research, namely studies where the data is not based on 
measurements. According to Moret et al. [2007], reliability and validity tests are both 
context bound, that is, depend much on the context in which the tests are made. Moret 
et al. [2007], Krippendroff [2004], Franklin et al. [2010] and Lombard et al. [2002] 
discuss the advantages of reliability tests in qualitative research. Krippendroff [2004] has 
introduced seven methods to assess the reliability based on different types of calculations. 
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The most common reliability methods include “Percent agreement”, “Osgood’s CR”, 
“Bennett’s S”, “Scott’s ”, “Krippendorff’s ”, “Cohen’s ”, and “Benini’s ”. In the 
present research we used two specific methods, namely Scott’s  (Scott’s pi) and Cohen’s 

 (Cohen’s kappa coefficient) for estimating the reliability of the results. The two 
methods are similar and assess the extent of agreement between the coders, except that 
the expected agreement is calculated slightly differently in these two methods. More 
specifically, Cohen’s  is a measure of how well the coders or raters (the persons who rate 
the similarities between items) agree among themselves, that is, a measure of the inter-
annotator agreement [Krippendroff 2004; Strijbos et al. 2006]. In this case, the two 
persons are the coders number 1 and 2, such as those coders that rate the similarities in 
Table 9. It should be clear that the reliability tests are made to compare the ratings (made 
by the two coders) of the similarities between the garden styles and the properties of the 
National Garden of Tehran. This was done to verify the results in Table 1. This is 
necessary because the ratings in Table 1 were made by a computer, through the coding 
process program NVivo-8.  

The other method, Scott’s , is also used to assess how well the raters agree among 
themselves. However, while Cohen’s  makes no assumptions as to the distribution of 
responses (answers or assessments by the coders), Scott’s  assumes that the distributions 
of responses or answers from the coders are the same [Cramer, 1994]. Tables 9 and 10 
show the coding results. Considering the Cohen’s  and Scott’s  values, the results of 
the research are reliable. The detail discussions of the two methods are as follows.   

Coder 1 

Total (CC) None-coded 
data (BB) 

Coded data 
(AA) 

 

39 4 35 
Coded Data 
(11) 

33 31 2 Non-coded 
data (22) 

72 35 37 Total (33) 

C
od

er
 2

 

Table 9. Cohen’s  

Cohen’s  is obtained from the following equation: 

e
e
P
PP

1
 (13) 

where P is the “observed proportion of agreement” and calculated based on the number 
of items on which coders agreed divided by the total number of items: that is, the sum of 
the data in A1 (35 data) and B2 (31 data) divided by C3 (72), or a total of 0.917. The 
“chance expected proportion of agreement or eP ” is obtained from the following 
equation, with symbols as in Table 9: 

3
3

3
2

3
3

3
1

C
B

C
C

C
A

C
CPe  (14) 

From Eq. (14) we find that Pe is equal to 0.5. With reference to Table 9, we obtain 
the Cohen’s  equal to 0.83. The maximum value for  is when the observed level of 
agreement is  = 1, and generally   1. A value of 1 implies a perfect agreement and 
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6 Conclusion 

Acknowledgments 

values less than 1 imply less than perfect agreement. It is difficult to answer the question 
how large  should be to indicate a good agreement; however, the most common level 
selected is  > 0.8 [Krippendroff, 2004, Cramer, 1994]. The  value (0.83) here is 
comparatively high; it means that the results are reliable. We also calculate the Scott’s  
to compare the results with the Cohen’s . Table 10 shows the details of Scott’s  
reliability test.   

 
Coder 1 

(A) 
Coder 2 

(B) 
Join Proportion 

(C) 

Join 
Proportion 

Squared (D) 

Coded Data (1) 37 39 0.52 0.27 

None-coded Data 
(2) 

35 33 0.47 0.22 

Total (3) 72 72 ---- 0.49 

Table 10. Scott’s  

Scott’s  is also obtained from similar equation except Pe in Scott’s  is calculated 
differently than when using Cohen’s , and is based on the joint proportion. P is 
calculated based on data in Table 9 (symbols as in Table 9), and is the sum of the data in 
A1 (35 data) and B2 (32 data) divided by C3 (72) or a total of 0.917. The Pe is simply 
the sum of the squared values of the join proportion, namely D1 (0.27) and D2 (0.22), 
or a total of 0.49. The joint proportion for coded data (symbols as in Table 10) is the 
sum of the data in A1 (37) and B1 (39) divided by the twice the total of data in A3/B3 
(72) or a total of 0.52. The joint proportion for non-coded data is the sum of the data in 
A2 (35) and B2 (33) divided by the twice the total of data in A3/B3 (72), or a total of 
0.47. The calculated Scott’s  value, 0.83, is higher than the threshold value of  > 0.80, 
which means that the results are reliable.  

5 Discussion  
The results from fig. 3 show that the National Garden of Tehran was more 

influenced by the Baroque garden style than by other styles. These conclusions can also 
be seen from the correspondence map (fig. 6). Several properties of National Garden of 
Tehran, such as geometry and axes, decoration, order, and nature and its elements, are 
close to the centroid, and therefore to the Baroque garden style. While some 
generalizations can be made about the association between categories, the correspondence 
map does not explain the associations between columns and row points.    

The results of CA represent the relative closeness of the points (figs. 5, 6). The 
locations of data points in relation to the centroid show approximately how far they are 
from the row and column profiles. However, to judge properly the relative closeness of 
the points, one should look at the horizontal or vertical distance between the points, and 
not at the oblique (diagonal) distances. In such plots, one can only interpret the distances 
between row points and the distances between column points but not the distances 
between row points and column points. However, it is legitimate to interpret the relative 
positions of one point of one category with respect to all points of the other category.  

In a correspondence map the axes on which the plot is constructed are called 
dimension 1 and dimension 2 (Tables 7, 8). These are not based on observed values, but 
derived from the data with the aim of explaining the most variance possible. The first 
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dimension explains 53.3% of the total inertia/variance (Table 5). The space defined by 
the first two dimensions gives the best solution, in this example, explaining 53.3 + 32.2 = 
85.5% of the total variance. Each dimension simply builds on the previous ones 
(cumulative) to explain additional variance (Table 5), but in decreasing order. A point 
makes a large contribution to the inertia in two ways: 1) when its distance from the 
centroid is large (even if it may have a small mass); 2) when it has a large mass (even if 
the distance is small) [Bendixen, 1996; Beh, 2004; Duller, 2010].  

Based on these considerations, the interpretation of correspondence map is as follows. 
Table 2 and fig. 6 present the influence of several garden design styles on the design of 
National Garden of Tehran. This shows that the National Garden of Tehran had the 
greatest similarity to the Industrial Revolution public park as regards function and 
relationship with the city and environment. However from the point of view of geometry 
and axes, order, nature and its elements and decoration, it was closer to the Baroque 
garden style. In addition, considering the architectural and artistic element, the National 
Garden of Tehran was quite similar to the Persian garden and the Baroque garden.       

One main technique of presentation, used here, is the biplot. When using a biplot, 
the chi-square statistic reveals the strengths of correlation between the data, which is 
based on the point distances of categories. The distance between any row points or 
column points in the biplot (Table 6, fig. 6) gives a measure of their similarity (or 
dissimilarity). Points that are mapped close to one another have similar profiles, whereas 
points mapped far away from one another have very different profiles. Therefore, the chi-
square distances (Table 6) show the contribution of each cell to the overall chi-square 
statistic, which is a measure of how different the row and column profiles are.  In this 
case, the largest distance comes from the row “English” and the column “Architectural 
and artistic elements” (the bold value in Table 6). The calculated inertia for all variables 
in Table 6 also shows the contribution of each cell to the overall variability (details not 
shown here). In this case, row “English”and column “Architectural and artistic elements” 
has the highest inertia. 

In this paper, Scott’s  and Cohen’s  are both used for measuring the reliability of 
the research. Both calculated values are 0.83. These values should be compared with 
threshold values. The calculated values, 0.83, are higher than the threshold value of 0.80, 
which means that the results are reliable.  

6 Conclusion 
In conclusion, we have introduced the CA method for analyzing qualitative data in 

architecture and landscape architecture. The original data for determining which garden 
design style had the greatest influence on the National Garden of Tehran are primarily 
text, graphs, maps and drawings. The coding method and NVivo-8 software are used to 
make the data measurable, and convert the qualitative data into quantitative format. In 
addition, the CA method is used for not only statistical analysis, but also to visualize the 
association between the rows and columns of the contingency table. Finally, two 
reliability tests, Cohen’s  and Scott’s , show that the results of the coding process and 
also that of the CA method are reliable. Although the CA method is applied here only for 
a genealogical study of a park, it can also be used for other purposes such as for tracing 
building styles and urban forms, topics that may be regarded as a future development of 
the present work.        
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