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Abstract. Correspondence analysis is an exploratory method that allows for the
analysis of categorical variables. Its aim is to graphically present the relationship
between the variables shown in a contingency table, using points in two- or
three-dimensional space, with a minimum loss of information about the diversity
of rows and columns. Correspondence analysis developed from the 40’s of the
20th century, but the name in its current form gained popularity through the
work of O. Hill, J.-P. Benzécrie and M. Greenacre, among others. Now, thanks
to wide access to statistical packages, carrying out calculations does not create
problems for researchers, and the interpretation of the results is simple and
generally consistent with earlier intuitive assumptions. Correspondence analysis
is used in many fields. The use of correspondence analysis for data describing
the hospitalization process shows interesting relationships. It helped to depict
issues such as an aging population, shorter hospital stay, or the migration of
patients from other provinces.

Introduction
The development of technology causes that more and more often we are
dealing with large databases containing many variables. Researchers often
do not have full knowledge of the existence of multiple relationships and
structures which are hidden in them. The development of modern methods
of exploration and increasing performance of computers shortens the time
needed to explore even the most complex and invisible at ﬁrst sight relationships. More and more common is the use of data mining tools and techniques
to reduce the variables. Their skilful use allows to explore a variety of databases containing information from diﬀerent ﬁelds of science. It is also worth
paying attention to the fact that discovery of dependencies is only the ﬁrst
step of the analysis. Thousands or even millions of variables generate the
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existence of hundreds of potential relationships. Selecting the most interesting and valuable can be labour-intensive as well as time consuming. Often
their interpretation is cumbersome and requires deep knowledge of the ﬁeld.
Graphical methods designed speciﬁcally for the presentation of the results
of individual analyzes may be helpful. Correspondence analysis gives this
possibility. It allows the transparent and clear presentation of many relationships on one illustration.

Correspondence Analysis
Correspondence analysis is a technique that allows the examination of
the relationship between qualitative variables (nominal and ordinal), which
are common in medicine. The analysis of such data, which can be found
in the contingency table, is started from the veriﬁcation of the hypothesis showing no relationship between the characteristics using the χ2 test.
This procedure provides information only about the importance of the relationship between the variables. To indicate what is the nature of relations correspondence analysis can be used. On the other hand, it is an
exploratory technique of reviewing large data sets. This tool enables the
detection of associations between the two features with a graphical representation of the collected data [7]. This is done by creating the so-called
correspondence map presenting relationships between variables. It therefore allows deﬁning hypotheses, which can then be veriﬁed in a more formal way.
Correspondence analysis has developed since the 40’s of the 20th century
but the name in its current form gained popularity through the work of
O. Hill, J.-P. Benzécrie and M. Greenacre, among others. Its idea is to create
maps that graphically illustrate the contingency table which summarizes the
collected data, where each row and each column is represented by one point.
The main aim of this method is to show the set of points in the space of
a maximum three dimensions, with a minimum loss of information on the
diversity of rows and columns [27].
Correspondence analysis is carried out according to a certain schema [5].
It will be presented with a ﬁctional example. [Tab. 1] presents information
about the smoking status, depending on the level of physical activity which
have been collected among 200 respondents.
The analysis of collected data begins with the creation of the correspondence matrix P. It is obtained by converting the contingency table in
8
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Tab. 1. The relationship between smoking status and physical activity level
of respondents

Smoking status

Physical activity level
(1) none

(2) seldom

(3) regularly

(a) none

12

22

35

(b) light
(c) medium

6
25

14
16

18
4

(d) heavy

28

20

0

69
38
45
48

71

72

57

200

TOTAL

TOTAL

a matrix of relative frequencies (dividing the number in each cell by the
total number):


0.060
 0.030
P =
 0.125
0.140

0.110
0.070
0.080
0.100



0.175
0.090 

0.020 
0.000

The next step is to determine the matrix of row proﬁles (and column
proﬁles). It is created by dividing the relative frequencies in each row (column) of correspondence matrix by the sum of relative frequencies across
the row (column):


0.17
 0.16
W =
 0.56
0.58

0.32
0.37
0.36
0.32



0.51
0.47 

0.09 
0.00



0.17
 0.08
K=
 0.35
0.39

0.31
0.19
0.22
0.28



0.61
0.32 

0.07 
0.00

Obtained row (column) proﬁles can be graphically represented in the space
generated by the columns (rows) of the correspondence matrix. Particular frequencies in the proﬁle can be understood as other coordinates in
the considered space. In the analyzed example there will be illustrated
row proﬁles in 3-coordinates system corresponding to physical activity categories [Fig. 1]. An analogous presentation of the column proﬁles is not
possible due to the four-dimensional space generated by the rows of the
matrix P.
Summed relative frequencies in each row of correspondence table is called the row mass (similarly for columns). This measure provides information
about the signiﬁcance of the rank of each row. An important parameter
for the correspondence analysis is the average row (column) proﬁle. It is
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Fig. 1. Points represent row profiles in the space generated by the three levels
of physical activity

obtained as a part of a summary row (column) of the contingency matrix
in the total number of investigated population. In this example, we have:
– average row proﬁle:
(1)
(2)
(3)
0.335 0.36 0.285
– average column proﬁle:
(a)
(b)
(c)
(d)

0.345
0.190
0.225
0.240

It is obvious that individual coordinates of average row (column) proﬁle
are the masses of corresponding columns (rows). The average proﬁle is the
center of mass of analyzed proﬁles.
Comparing and analyzing the proﬁles is done by determining the distance between them using χ2 metric:
χ2 = d2 (pi , p′i ) =

k
X
(pi − p′i )2
i=1

p̄i

where:
k – dimensions of proﬁles
pi , p′i – subsequent proﬁles coordinates, where the distance is calculated
p̄i – subsequent average proﬁles coordinates
It is worth noting that in this way, there can be only compare proﬁles
of diﬀerent categories of the same variable. Proﬁles scattering around the
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average proﬁle is determined by the so-called total inertia which is calculated
from the formula:
Λ2 =

w
X

mj d2j (pj , p̄)

j=1

where:
w – number of rows (columns)
mj – mass of j-row (column)
p̄ – average row (column) proﬁle
d2j (pj , p̄) – distance from row (column) proﬁle to average proﬁle measured with a χ2 metric
Inertia for rows and for columns are equal. Its maximum value is min(w, k)−
1 where w and k are the number of rows and columns of the contingency
table respectively. The small value of inertia indicates slight diﬀerences between the proﬁles and the average proﬁle. In such a situation we have in
the analyzed example, because Λ2 = 0.299505. In addition, the smaller the
inertia is, the smaller the chance of occurrence of statistically signiﬁcant
relationships between the studied characteristics is. This follows from the
relation:
χ2 = Λ2 n
where:
χ2 – value of the χ2 test statistic
n – the total sample size
Another key step in the algorithm, by which correspondence analysis runs, is the projection of rows and columns proﬁles matrix for up to
a three-dimensional space. At the same time the largest part of the information on the diversity of rows and columns should be maintained. This
step is a response to a problem with graphical presentation of large number
of dimensions. This is done by the method called singular value decomposition (SVD) [22, 27]. It runs in the following way:
– Symmetrical standardization of correspondence matrix P :
P = [pji ] → A = [aji ]
where: aji =

pji − pj. p.i
√
pj. p.i

– Presentation of formed matrix A as a product of the following three
matrixes:
T
Awxk = Uwxr · Dλrxr · Vrxk
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where:
w, k – numbers of rows and columns respectively
A – matrix with rank equal to r
Dλ – matrix that has the diagonal with nonzero singular values AAT
in non-decreasing order
U – matrix whose columns are the orthonormal eigenvectors corresponding to eigenvalues λ21 , λ22 , . . . of AAT matrix
V
– matrix whose columns are the orthonormal eigenvectors corresponding to eigenvalues λ21 , λ22 , . . . of AT A matrix
In such distribution the columns of U are orthonormal basis for the columns
of the matrix A. Thus they form the principal axes of subspace projection of category stored in columns. Similarly, the columns of the matrix V
gives orthonormal basis for the transposed rows of the matrix A and hence
generate a subspace projection of the principal axes of categories stored
in rows.
There is the following relationship between the eigenvalues of the matrix
AT A and the total inertia:
2

Λ =

r
X

λ2i

i=1

where:
r
– rankA, r = min(w, k) − 1
w, k – number of rows and columns in A matrix respectively
This relationship allows to determine how much of the total inertia
is explained by the i-th factor, thanks to the determination of the quoλ2
tient i2 ·100%. What more it gives the possibility to choose the dimension of
Λ
space, which will take place in the projection of the analyzed correspondence
matrix. It is the minimum n such that:
n
X
λ2i
i=1

Λ2

· 100% ≥ m

where m is a predetermined level of explanation of the total inertia (eg 75%
or 80%). Such proceeding provides the best selection of space that will
represent the considered correspondence matrix in the fullest manner and
will ensure the least loss of information resulting from the reduction of
dimension. In the analyzed example λ21 = 0.296857. It allows to explain
99.12% of inertia. In the case of two-dimensions space it reproduces full
value of inertia, as is shown in [Tab. 2].
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Tab. 2. The cumulative percentage of inertia explained by the individual
eigenvalues

Number of
dimensions
1
2

Total inertia = 0.29951; χ2 = 59.901; df = 6; p = 0.0000
Singular
Values

Eigenvalues

Percent of
inertia

Cumulative
percent

χ2

0.544845
0.051468

0.296857
0.002649

99.11556
0.88444

99.11556
100.00

59.37130
0.52979

After selecting the dimension of the projection space remains only the
computation of new coordinates of rows and columns proﬁles [4–5]:
– principal coordinates for row proﬁles F = Dr−1 · U · Dλ
– principal coordinates for column proﬁles G = Dc−1 · V · Dλ
where:
Dr – diagonal matrix in which coeﬃcients lying on the diagonal are
sums of frequencies of appropriate rows of the correspondence
matrix P
Dc – diagonal matrix in which coeﬃcients lying on the diagonal are
sums of frequencies of appropriate columns of the correspondence matrix P
To create an n-dimensional map of correspondence, the ﬁrst n columns
of the matrix F is used to determine the coordinates of rows and analogously the ﬁrst n columns of the matrix G to determine the coordinates
of columns [8]. Such map in one coordinate system illustrates the best representations of row and column proﬁles, despite the fact that these proﬁles
exist in diﬀerent spaces [9]. It allows to analyze and interpret the distance
between the point imaging one of the categories of analyzed features and
the center of projection or between other points representing the various
categories of the same variable. It also provides the ability to draw conclusions about the coexistence of diﬀerent categories of comparable qualitative
features. Row and column proﬁles lying close to each other create a combinations of category occurring together more often than would result from
independence of variables.
2-dimensional map of the correspondence for the analyzed example is
shown on [Fig. 2]. From the arrangement of points we may conclude that
people practicing sport regularly usually do not smoke. Moreover, among
medium smokers are those who show lack of physical activity.
To assess the accuracy of our correspondence map a parameter is used
which refers to the quality of individual points. It is deﬁned as the quotient
13
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Fig. 2. Correspondence map, which represents the relationship between
smoking status and physical activity level of respondents

of the square of the distance between a certain point and the beginning of
the selected coordinate system, by the square of the distance between this
point and beginning of the coordinate system, with the largest number of
dimensions in the considered situation. The quality of representation of row
or column proﬁles in low-dimensional space is perfect when the measure is
equal to 1 [27].

Application of correspondence analysis in scientiﬁc research
The method discussed in the current work is used to analyze qualitative
data. Many scientiﬁc disciplines describe the objects of their interest with
a nominal scale. It is worth especially noting that medical data describe
cases of patients who have multiple units and many of the symptoms of
disease at the same time. We can describe trials and populations of this
type using contingency tables. However, it appears that many labels of the
individual variables (e.g. identiﬁed disease entities) and a large number of
characteristics lead to the creation of many tables. Their complexity makes it
impossible to observe hidden dependencies. Correspondence analysis allows
to look at the same time at many aspects. In addition, by reducing dimensions and graphical presentation using two- or three-dimensional space, it is
easier to interpret complex relationships. It is worth noting that the structu14
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res detected by correspondence analysis take into account several variables
at the same time.
Correspondence analysis is used in many ﬁelds. Literature provides
many examples of the use of this method in marketing research [3, 10, 26].
As one of them can replace the analysis of professional activity by age and
gender. The use of correspondence analysis allows to show on one illustration
several distinctive groups. It can be observed that age categories are closely
related to work full-time, and which are particularly exposed to the problem
of unemployment. An interesting idea is also the use of correspondence analysis to test students’ knowledge about teaching and learning. Discovering
patterns makes it possible to design better and more eﬃcient educational
programs [1]. There is also an attempt to use this tool in describing political
preferences, as well as in the analysis of Parliament members speeches [2]. It
allows to present transcripts containing over 100 million words using correspondence maps. Thanks to them we can see how diﬀerent the language used
in the Sejm and Senate is, as well as in subsequent years, the vocabulary
change.
Attention should also be paid to the use of correspondence analysis in
medical research. One of the more known works using the method with the
correspondence maps shows the relationship between the type of headache
and the age of patients [7]. The author also presents another interesting dependencies, such as the relationship between personality type and belonging
to diﬀerent diagnostic groups. In [25] correspondence analysis was used to
identify the relationship between the incidence of the back pain symptom
and a variety of factors, such as age, BMI, smoking, drinking alcohol. Correspondence maps may present which of these variables has a signiﬁcant
relationship with the occurrence of the disease.

The use of correspondence analysis in medicine on example
of hospitalization on the gynaecological ward
Saving information in the process of hospitalization we get a typical
example of a large data set. Extremely useful in such cases are data mining
methods. Their application in medicine is becoming more popular; such as
the use of artiﬁcial neural networks to predict the outcome of infertility
treatment [15, 20], the use of feature selection algorithms to reduce dimensionality of the original data set of women treated for infertility [16–17],
or cluster analysis in the process of recruitment for competitive swimming [24]. Data mining methods are useful even in such issues as the analysis
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of microarray data [18], or the analysis of the information gathered in the
process of deep sequencing [6].
In this paper we present the use of correspondence analysis on data from
hospital cards from the Department of Gynaecology. In this case, the database contains more than eight thousand cases and several features describing
the treatment. For the analysis were selected 14 qualitative variables such
as: age group, the NHF (National Health Fund) district, cause of hospitalization, categorized length of hospital stay, etc. The aim of the analysis was
performed through graphical representation of the relationships between qualitative variables referring to the hospitalization process. To perform the
analysis, statistical package Statistica 10.0, StatSoft was used.
Because of assumptions of the analysis, numerical data were grouped.
Ranges describing the age are left-closed, and the length of treatment are
presented by class: 1 day, 2 days, ..., 6 days, 1 week, 1–2 weeks, 2–3 weeks,
more than three weeks. Disease entities were coded according to the international statistical classiﬁcation of diseases and health problems ICD-10 [4].
Patients were also classiﬁed into ﬁve groups of diagnoses, created on the
basis of the main causes of hospitalization: gynaecology, obstetrics, infertility, insemination, IVF ET. Place of residence was deﬁned within the NHF
district, which covers the patient.
The ﬁrst pair of analyzed variables were age and the NHF district. Presentation of the relationship of these variables is presented in
two-dimensional space, which explained 98.8% of the total inertia [Fig. 3].

Fig. 3. Graphical representation of the relationship of residence (NHF)
and the age of patients
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The ﬁrst dimension clearly distinguished NHF = 10 (Podlaskie Province),
which is located on the right of the center axis in relation to the other
NHF-s which are on the left side. In the ﬁgure we selected two areas of
focus points. We note that the older patients (over 40 years) are residents of
the 10th NHF, but younger patients (20–40 years old) live in areas outside
the Podlaskie Province. Note that the interpretation of the clusters on the
maps present the coexistence correspondence characteristics without giving
information about the strength of this relationship. Observations obtained
in this way need to be conﬁrmed by other statistical methods.
In case of the presentation relationship between length of hospitalization and the place of residence (NHF), two-dimensional correspondence map
explains 98.5% of the total inertia [Fig. 4]. The ﬁrst dimension clearly differentiates between short and long hospitalizations. In this ﬁgure, we see
the same as in the previous: two areas of focus. This time, a short, one-day
hospitalizations coexisted with the place of residence other than the Podlaskie Province and longer hospitalizations were related to patients from the
Podlaskie Province (NHF = 10).

Fig. 4. Graphical representation of the relationship of residence (NHF)
and the length of hospitalization

The next graph shows the relationship between characteristics: length
of hospitalization and age [Fig. 5]. In this case, the two-dimensional space
has been used, which explains 88.3% of the total inertia. We can see three
interesting concentrations: short hospitalization (1 day) on young patients
(20–40 years old), over one week hospitalization on 60–70 aged women, the
longest hospital stays on the oldest patients. These dependencies seem to be
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natural, because the older the age – the worse the health, and the treatment
is often complicated by comorbidities [11].

Fig. 5. Graphical representation of the relationship between age of patients
and length of hospitalization

The main cause of hospitalization on the gynaecological ward is very
diverse. For this reason, patients were assigned to the more homogeneous
diagnoses subgroups. Another ﬁgure [Fig. 6] clearly shows the relationship
between the two groups: the cause of treatment and the age of patients.

Fig. 6. Graphical representation of the relationship between the age of patients
and the cause of hospitalization
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Two-dimensional correspondence map explains almost all of the general
inertia – 99.56%. The ﬁrst dimension is stretched by gynaecology on the left
side of the axis and the other groups on the right side. The second dimension
diﬀerentiates patients treated by IVF ET from patients hospitalized with
obstetric and infertility diagnostic reasons. The graph shows three areas of
focus. The ﬁrst tells us that the gynaecological patients were over 40. The
second presents that the diagnosis and obstetric problems relate to patients
aged 20–30 years, and the third focus shows that women aged 30–40 years
were treated using IVF ET method or using insemination procedure. This is
the age group in which a largest number of women decide to use the assisted
reproduction methods in infertility treatment. It is limited from below by
the continuously progressive deposition of reproductive decisions, and from
above by drastically decreasing the eﬀectiveness of treatment in women over
40 years old [19].
Further analysis of grouped causes of hospitalization showed a clear dependence on the area [Fig. 7]. The two-dimensional space explains 99.17%
of the total inertia. The ﬁrst dimension clearly indicates the focus of the
NHF 10 and gynaecological-obstetric causes, which are located on the right
of the axis center. On the other hand, we see that the diagnosis and treatment of infertility caused migration of patients from other provinces. These
observations were analyzed with traditional statistical methods and presented in [14], as well as developed by basket analysis in [12].

Fig. 7. Graphical representation of the relationship between the residence
of patients and the cause of hospitalization
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Another analysis of the grouped causes of hospitalization and the length
of treatment is shown in a two-dimensional correspondence map, which
explains 95.25% of the total inertia [Fig. 8]. The ﬁrst dimension diﬀerentiates one-day hospitalizations from longer hospitalizations. Three areas of
focus show the duration of hospitalization depending on the cause of hospitalization. One-day hospitalizations concern the treatment of infertility.
Obstetric problems require a 2–5 day stay in the hospital, but the gynaecological problems need the longest hospitalization.

Fig. 8. A graphical representation of relationship between the length
of the treatment and cause of hospitalization

Analyzed database concerns patients hospitalized in 1996, 2000 and
2004. The choice of particular years resulted from the subsequent stages of
the reform of the health care system. The year 1996 refers to the period in
which the health service was still ﬁnanced directly from the state budget.
The year 2000 was the ﬁrst full year, in which the Health Management
Organization was established. The year 2004 was the ﬁrst full year after
creating the institution of the National Health Fund.
Subsequent correspondence maps present relationship between the hospitalization year, the length of treatment and the age of patients. The
analysis was performed only for patients whose main cause of hospitalization were gynaecological problems. In both cases the two dimensional
space explained 100% of the total inertia, as this is the maximum dimension of the space.
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Fig. 9. Graphical representation of the relationship between the length
of hospitalization and the year of treatment

[Fig. 9] shows the relationship of particular years, and diﬀerent lengths
of hospitalization. We note that the ﬁrst dimension diﬀerentiates shorter
(1–7 days) from longer hospitalizations. The year 1996 lies on the right side
of the axis in contrast to the years 2000 and 2004 which are on the left side
of axis. We can see that the longest hospitalizations (2–3 weeks, more than
3 weeks) coexists with the year 1996, while the one-day hospitalizations –
with the year 2004. This relationship is consistent with the changes which
have taken place in the health care system under the inﬂuence of the reform.
The requirement of the ﬁnancial account was introduced, which has resulted
in a signiﬁcant shortening of duration of hospitalization times [28]. The development of new treatment methods has also contributed to the reduction
of hospitalization time [21, 23].
Another correspondence map shows the relationship between age of patients and the year of hospitalization [Fig. 10]. Over the analyzed years,
we can see the eﬀects of aging. It is shown, that the oldest group of patients (more than 70 years old) is closest to the year 2004. The results of
the demographic changes observed on the basis of these data were presented in [13].
For patients hospitalized for gynaecological reasons the analysis of coexistence of treatment length and disease entities was performed, which are
the cause of hospitalization [Fig. 11]. Two-dimensional space explains 84.2%
of the total inertia. The ﬁrst dimension diﬀerentiates the shorter and longer
21
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Fig. 10. Graphical representation of the relationship between the year
of hospitalization and the age of patients

Fig. 11. Graphical representation of the relationship between length
of hospitalization and the major diagnosis

hospitalizations. We can distinguish several clusters on the correspondence
map:
– one-day hospitalizations relate to patients with diagnoses that require
short treatment because of bleeding: N95, N93,
22
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– 6–7 days hospitalizations relate to treatment of inﬂammation: N70, N73,
– 1–2 weeks hospitalizations relate to patients requiring surgical treatment: D39, D25,
– the longest hospitalizations (more than 2 weeks) relate to patients with
cancer: C54, C56.

Conclusions
Correspondence analysis is a method being used increasingly in scientiﬁc research. Thanks to access to statistical packages performing calculations does not create problems to researchers, and the interpretation of
the results is simple and generally consistent with prior intuition about the
expected relationship between the features. Correspondence analysis provides researchers with many possibilities. First, it allows for the discovery
of structures and patterns hidden in large databases. Secondly, it can reduce the variables to facilitate interpretation (taking into account the fact
that some of the variables are redundant) and creates clear images, called
correspondence maps that show related variables in the form of clusters.
Observation of the cluster areas often shows the possibility of obtaining
interesting results on the basis of observed data in subgroups.
The use of correspondence analysis to data concerning the process of
hospitalization showed many interesting relationships. The analysis has outlined problems such as the population aging, shorter hospital stay, or the
migration of patients from other provinces. However, the next step is to
carry out further analysis using traditional statistical methods.
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