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Summary. The aim of this study was to assess the usefulness of the decision
trees method as a research method of multidimensional associations between
menarche and socioeconomic variables. The article is based on data collected
from the rural area of Choszczno in the West Pomerania district of Poland
between 1987 and 2001. Girls were asked about the appearance of first
menstruation (a yes/no method). The average menarchal age was estimated by
the probit analysis method, using second grade polynomials. The socioeconomic
status of the girls’ families was determined using five qualitative variables:
fathers’ and mothers’ educational level, source of income, household appliances
and the number of children in a family. For classification based on five
socioeconomic variables, one of the most effective algorithms CART (Classifi-
cation and Regression Trees) was used. In 2001 the menarchal age in 66% of
examined girls was properly classified, while a higher efficiency of 70% was
obtained for girls examined in 1987. The decision trees method enabled the
definition of the hierarchy of socioeconomic variables influencing girls’ biologi-
cal development level. The strongest discriminatory power was attributed to the
number of children in a family, and the mother’s and then father’s educational
level. Using this method it is possible to detect differences in strength of
socioeconomic variables associated with girls’ pubescence before 1987 and after
2001 during the transformation of the economic and political systems in Poland.
However, the decision trees method is infrequently applied in social sciences and
constitutes a novelty; this article proves its usefulness in examining relations
between biological processes and a population’s living conditions.

Introduction

Menarche is a complex event affected, among others, by genetic, hormonal, fetal,
early childhood and environmental factors. In the current study these factors were
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held constant in order to observe the predictive power of the CART (Classification
and Regression Trees) method to determine menarche from socioeconomic factors.

One of the best biological symptoms of socioeconomic stratification of the
population is the age of menarche. At the same time, it presents a high level of
eco-sensitivity, reflecting even small differences in the living conditions of research
population groups (Belsky ez al., 1991; Moffitt ez al., 1992; Rimpeld & Rimpeld, 1993;
Adair, 2001; Ellis & Essex, 2007). Girls from families of higher socioeconomic status
are usually characterized by an earlier menarche age in comparison with those
brought up in inferior conditions (Bielicki et al., 1986; Hulanicka et al., 1990; Koziet
& Jankowska, 2002; Laska-Mierzejewska & Olszewska, 2007). This relationship
considers arithmetic means of menarche age in the examined groups; while individual
girls’ results may differ from the rule, the exceptions are ubiquitous.

Studies of the biological effects of social stratification of the rural population in
Poland were initiated by taska-Mierzejewska in 1967 and repeated again in 1977,
1987 and 2001. Where possible, the research was conducted in the same schools each
time (Laska-Mierzejewska, 1970, 1995; Laska-Mierzejewska et al., 1982; Laska-
Mierzejewska & Olszewska, 2006).

The present study is based on material concerning one of the areas examined in
1987 and 2001. Under communist rule, the area of Choszczno, located in the West
Pomerania district, was distinguished by the highest concentration of state farms in
Poland; state-owned farmlands exceeded 50% of the area. After the political and
economical transformation of 1989, the state farms were dissolved in 1992, which
generated high unemployment among country dwellers who did not own land; in West
Pomerania district unemployment amounted to 27% and was the highest in Poland.

The research results from 1987 clearly showed an influence of the economic crisis
taking place in Poland between 1978, when food rationing was introduced, and 1989,
when it was terminated. The results from 2001 presented an influence of political and
economical transformation on the biological condition of the rural population.
Between the two studies the educational level of the girls’ parents changed
significantly and positively, and the percentage of farms with an area of more than
16 hectares increased from 39% in 1987 to 52% in 2001. Household appliance
ownership increased markedly over the period: 7% of the families owned a colour TV,
automatic washing machine, freezer and car in 1987 as compared with 54% in 2001
(Laska-Mierzejewska & Olszewska, 2006).

The aim of this study was to assess the usefulness of the decision trees method as a way
of studying multidimensional associations between age at menarche and a set of socio-
economic variables. For this reason the analysis included material formerly researched
considering such dependencies when each of the variables was treated separately and
independently from the other features (Laska-Mierzejewska & Olszewska, 2006), and
allowed qualitative assessment of the decision trees method applied in the study.

Methods
Subjects

Data were from girls aged 9-18 living in rural areas near Choszczno in the West
Pomerania district of Poland, and originating from families of different income structure:
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® farming families receiving income from their farms (18% of examined families);
e farming families also working elsewhere (21% of examined families);
e families with no arable land (61% of examined families).

Parents’ educational level was registered as well as the number of children in a
family, household appliance ownership level and amount of land owned.

The girls were asked about their first menstruation (a yes/no method) and the
average menarche age was estimated by the probit method. A total of 2354 girls were
examined in 2001 and a subgroup of 608 girls was selected from them on the basis
of average menarche +/- half of standard deviation. Girls’ data from the same area
collected in 1987 were analysed to conduct a comparison on the basis of an
analogically selected subgroup of 180 persons out of 828 examined.

Variables
Socioeconomic status was determined by five variables:

o fathers’ educational level (defined in four categories (1, 2, 3, and 4): primary,
basic vocational, secondary and higher);

® mothers’ educational level (defined in four categories as above);

® source of income (three categories (1, 2, and 3): farmers, farmers also working
elsewhere and non-farmers);

® number of children in a family (1-14 in 2001 and 1-12 in 1987);

e ownership of household appliances: a water supply system, hot water, gas,
freezer, colour TV, washing machine, car and fridge in 1997, and video player
in 2001 (four categories: the sum in the range 7-8 of the mentioned items was
the best category ‘1’; 5-6 items was category 2’; 3-4 items was category ‘3’; and
the sum not exceeding 2 appliances was category ‘4’).

These five variables were treated as independent variables affecting the dichoto-
mous dependent variable, which was menstruation occurrence (marked ‘T” — true) or
its absence (consistently marked as italic letter ‘F° — false).

The average age of menarche was estimated by the probit analysis method, using
second grade polynomials (Bliss, 1934). Probability p of menarchal age occurrence
(dichotomous dependent variable) in a given age range can be determined empirically
in a classical way: n is the number of positive answers (‘T — true); N —n is the number
of negative answers (‘F” — false). It is assumed that the analysed phenomenon has a
normal distribution dependent on a known parameter ¢, which is the age of examined
girls. It can then be presented as a function dependent on a linear combination of
variable ¢

p=nIN=F \(bgtbit+byt), M

where F~! denotes a reverse function to a normal distribution function (F~'(z) is
100z —quantile of normal distribution). Values of p belonging to the range [0, 1],
independently from values of ¢ are shaped by a linear function (in this case of two
variables: ¢ and %), whereas unknown parameters b, are estimated by the maximum
likelihood method. The interpretation of parameters b; (i=1,2) is additive, and may
express how the probability of menstruation occurrence will change after increasing
the age of girls by one year.
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Due to the form of distribution, it is obvious that the mean value u equals the
median and it is also possible to determine standard deviation ¢ for variable 7. The
probit method is recommended as more suitable for describing biological phenomena
than logistic regression (Finney, 1971).

The CART decision trees method

In order to define relations between input socioeconomic variables and the
dichotomous variable, the decision trees method was applied (Gatnar, 2001; Larose,
2005). This is an exploratory method used in expert systems, knowledge bases,
artificial intelligence and data mining. It is based on the recurrent split of
multidimensional space into disjunctive subsets until they reach homogeneity in the
field of the distinguished dependent variable. Then, for each subset, there is a local
model built based on the relationships of independent input variables. It is worth
mentioning that the diagnostic variable (independent) can be both an ordinal variable
and a categorical variable, and that is exactly what happened in this work. The
decision trees method, unlike discriminatory analysis, does not require meeting
relatively strong assumptions, like distributions multinormality of variables and
covariance matrix homogeneity in particular subgroups. In the conducted analyses,
the division quality measures were selected empirically. Most commonly used
heterogeneity measures are Gini’s inequality coefficients, G-squared or a value based
on Chi-squared. (E. Gatnar presents fifteen different measures of subset division
quality; see Gatnar (2001), pp. 31-49.)

The family of decision trees methods are non-parametric methods, i.e. they do not
assume either knowledge of distribution shape or kinds of relations between features.
A significant advantage of using decision trees is their hierarchical structure and
flexibility. In a tree of the binary type, there are two branches from each knot: the
leaves denote classes (objects sets), whereas branches are described by simple
functions representing features. They were the basis for the division relation: x<C,
where C is calculated based on the used inhomogeneous measure by the value of
discriminatory diagnostic feature. Fulfilling the conditions in a set order, from the tree
root (located at the top of the graph) to the leaf, is a way of enabling the following
and examination of dependencies between the object to a given concentration and the
values of input variables.

The benefit of applying the decision trees method is the graphic and intuitively
interpretable way of presenting classification rules, even for complicated models
(Matusik, 2005, 2007). Another advantage is an automatic feature ranking list, which
is helpful for estimating the statistical associations of classification variables with the
examined phenomenon, and assessing their discriminatory ability (discriminatory
power) on a scale of 0 to 100.

One of the most effective algorithms, CART (Classification and Regression Trees),
was presented by Breiman et al. (1984). It relies on considering all combinations of
the diagnostic variables in order to find the best division. It is done recurrently in the
N-dimensional objects space (i.e. for 2001 the size of the examined girls’ subgroup is
N=608, and N=180 for 1987), creating disjunctive subsets until reaching their
homogeneity in the field of the distinguished classification variable. (There can be
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Table 1. Basic statistical parameters of examined girls, Choszczno, Poland, 1987

and 2001
Parameter 2001 1987
Number of examined girls 2354 828
Average menarche age (status 13.13 13.41
quo method)
Standard deviation 1.95 1.15
Size of the analysed sample 608 180
Age — minimum in the sample 12.14 12.83
Age — maximum in the sample 14.17 13.98
Menstruation has appeared 309 96
Menstruation has not 299 84
appeared

Source: authors’ own study.

observed analogies to classical taxonomic methods, especially to the K-means
method.)

The CART method and exhaustive search for K-unidimensional splits with Gini’s
heterogeneity measure G were used to build the models:

K

K
G(piaDyrnl)= D, PPy 20 =1, @
i, j=Li%] i=l

where p;=n;/N is an empirical probability of a feature appearance in an i-tuple subset
(i=1,...,K). Gini’s measure (Gini, 1921), while assessing the change of non-
homogeneity level, accepts the value of zero when a given knot is homogeneous so it
prefers variables dividing the analysed set into subsets that are significantly different
considering the examined dependent variable. Division quality measures and options
of algorithm stop were selected empirically to obtain the highest possible classification
correctness (due to the accepted two levels of dependent variable: menstruation
appears or does not appear), while simultaneously keeping transparency of the created
model.

Results

In 2001 the examined group of girls was characterised by an average menarche age
of 13.13 years (SD=1.95). A distinguished subgroup (by the method of average
menarche age +/- half of standard deviation) included 608 girls aged from 12 years
and 2 months to 14 years and 2 months. For 1987 there were 180 girls aged from 12
years and 2 months to 14 years and the average menarche age was higher at 13.41
years accompanied by lower age dispersion (Table 1). It can be noticed that in the
selected samples the numbers of girls who had menstruation and those who did not
are almost the same (51% and 49% in 2001, and 53% and 47% in 1987, respectively).
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Fig. 1. Classification tree of menarche appearance (T, true; or F, false) in girls aged
12-14 from the area of Choszczno (2001 data). F.edu., father’s education status;
M.edu., mother’s education status; Children, number of children in family; Equip-
ment, household appliance ownership; Income, income source. Source: authors’ own
study.

A relational model of menarche appearance in the form of a decisional tree
obtained by the CART method is presented in Fig. 1. The tree of binary divisions is
quite extended and has 24 final leaves marking menarche appearance: ‘T (true) or ‘F’
(false). Above each branch there are numbers resulting from a formerly made division
of the subset onto two parts and the relation defining the division. Fulfilling the
relation means passing on to a further division on the diagram’s left side. On the
highest level, at the tree root, which is an input data set for 608 girls, a decisive role
was played by divisions based on parents’ educational level and the number of
children in a family. For example, if the father’s educational level was secondary at
most (category no more than °3°), the mother’s educational level was at least
secondary (category no less than ‘3’) and the number of children totalled five or more,
in 25 girls out of 190 at the time the study was conducted, menarche occurred (the
second upper leaf of the decision tree on the right side in Fig. 1). Looking at the
figure, it may be noted that among the girls whose parents’ educational level was
higher, and their access to household consumer goods was greater, menarche occurred
more often.

A predictors ranking list for 2001 is presented in Fig. 2. The number of children
in a family was attributed the highest discriminatory power. Parents’ educational level
and access to household appliances had a smaller yet comparable importance, and the
smallest importance was attributed to the family’s income source.
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Fig. 2. Importance ranking list of socioeconomic predictors of menstruation appear-
ance in girls aged 12-14 from the area of Choszczno. Sample of 608 persons, 2001
data. See legend to Fig. 1 for definitions of variable abbreviations. Source: authors’
own study.

An analogical analysis was conducted using data from 1987. Figure 3 presents a
decision tree obtained by the CART method for these data. It comprises thirteen
divisions and fourteen final leaves. They indicate the following: if the number of
children in a family was higher than four, a subset containing 36 girls was created in
the next stage. Then, if an economy variable ‘income source’ was 1 or 2, a subset of
thirteen girls who had not menstruated and whose families’ income source was
farming or farming and working elsewhere was obtained. Non-farming income
sources allowed distinguishing a subset of 23 girls, which was then divided based on
the father’s educational status and next, the mother’s. As a result a group of 36 girls
from large families (at least five children) was divided according to the values of three
socioeconomic features through consecutive analysis into two separate subsets: one
with six girls with menarche and another with the remaining 30 girls (right tree
branch). The left tree branch of girls from families with no more than four children
(examined sample included 144 of them) was much more numerous. In that group
better household appliances and parents’ educational level enabled distinguishing
subsets of menstruating girls.

Figure 4 presents a ranking list of predictors (the socioeconomic diagnostic
variables) on a scale of 1 to 100. Similarly to 2001, it indicates that the strongest
discriminatory power for the menstruation appearance variable was attributed to the
mother’s educational level and the number of children in a family, and subsequently
the father’s educational level, household wealth, whereas the least was attributed to
income source. A decreasing role of educational level and household equipment in
2001, in relation to 1987, may mean the levelling of living conditions of schoolgirls
from the rural surroundings of Choszczno.
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Fig. 3. Classification tree of menarche appearance (T, true; or F, false) in girls aged
12-14 from the area of Choszczno (1987 data). See legend to Fig. 1 for definitions of
variable abbreviations. Source: authors’ own study.
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Fig. 4. The ranking list of the importance of the socioeconomic predictors of
menarche appearance in girls aged 12-14 from the area of Choszczno. Sample of 180
persons, 1987 data. See legend to Fig. 1 for definitions of variable abbreviations.
Source: authors’ own study.
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Table 2. Menstruation appearance misclassification matrix obtained by CART

method
2001 (N=608) 1987 (N=180)
Yes (T) No (F) Yes (T) No (F)
Yes (T) 122 25
No (F) 115 32

Source: authors’ own study.

A complexity of the decision model is a function of the problem considered and
the level of modelling accuracy in order to achieve the highest possible conformity to
the observed menarche appearance in the examined samples. The tree obtained
through dichotomous relations brings the examined reality closer, so goodness-of-fit
measured by the number of faulty classifications (Table 2) is significant. Classification
efficiency of the CART method could especially be confirmed due to the fact that
menarche appearance or absence in the examined samples was almost equally
distributed.

In 2001 66.1% of girls were classified properly. In 1987, 25 girls without
menstruation and 32 girls already menstruating were classified incorrectly (for 2001
the values were 122 and 115, respectively). Better efficiency (70.6%) was obtained for
girls examined in 1987. It may prove that the socioeconomic determinants of
menarche occurrence played a more important role and affected the biological
development in the examined groups more strongly, and that is why these variables
were more efficient at classification by the decision trees method.

A tree depth is connected with the number of splits and is controlled by algorithm
stop parameters. Classification accuracy can be increased by its modification, but it
usually decreases model clearness and increases the complication level of relations
leading towards leaves that are assumed to make homogeneous subsets. Generally, it
can be admitted that in both cases the CART method’s efficiency was demonstrated
for assessing the importance of socioeconomic determinants of rural girls’ biological
development.

Measurement data were statistically processed using Statistica (version 7) and
Microsoft Excel.

Discussion

The purpose of this study was to assess the usefulness of the multivariable decision
trees method to examine the menarche of teenagers from families of different
socioeconomic status and to learn the discriminatory power of particular social
variables describing such status.

The highest discriminatory power in the decision trees method was shown by the
number of children in a family and mother’s educational level. A very important role
of these two factors in determining body height was indicated by studies conducted
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on Polish conscript soldiers between 1965 and 1995 (Bielicki et al., 1997). From
among four factors considered by the authors, the number of children was the most
significant in 1965 and 1986, whereas in 1995 mother’s educational level became the
leading feature.

In studies of rural girls (Laska-Mierzejewska & Olszewska, 2006, 2007), the
number of children more strongly differentiated menarche age than any other
variables considered. A spectacular result referring to the number of children in a
family was achieved in a 2001 study that focused on four examined areas (N=9599)
(Laska-Mierzejerwska & Olszewska, 2004). Menarche age increased monotonically
following family enlargement by each subsequent child from one to seven, or more.
Only children started menstruating at the age of 12.99, and their peers from families
with seven children started menstruating at 13.52 years.

High discriminatory values in the decision trees method were indicated by parents’
educational status, favouring mother’s educational level. One feature study of the
same sample and a complex study of all research areas showed a significantly lower
role of the variable in assessing menarche age in comparison with the number of
children in a family. In 2001 the difference of menarche age among inhabitants of
Choszczno from families of extreme categories of father’s educational level amounted
to 0.18 of a year, and for mothers 0.1 of a year; and in a complex study of all areas
the differences were 0.22 and 0.13, respectively.

The next social variable determining family’s social status and statistically
associated with the menarche of teenagers was the ownership of household appliances.
The acquisition of appliances significantly improved between 1987 and 2001. In the
Choszczno area the percentage of families owning all of the following — a colour TV,
freezer, fridge (1987) or video (2001), automatic washing machine and a car -
increased from 7% to 54%, and the percentage of families without any of those
decreased from 44% to only 0.1%. Whether or not a particular item was owned, and
especially the absence of several items, significantly differentiated menarche age. These
factors substantially determined menarche age in the above-mentioned studies.

A relatively low discriminatory value of the income source in a rural family in
comparison with other analysed variables needs wider elaboration. There are
probably two reasons for this: increasing differences in menarche age among girls
from rural families of different income sources and some dissimilarity of socioeco-
nomic situation of the inhabitants of Choszczno area in comparison with other
examined areas. The differences in menarche age between the earliest maturing girls
from non-farming families and the latest menstruating farmers’ daughters became
smaller between subsequent researches: from 0.53 in 1967, 0.44 in 1977, 0.33 in 1987
and just 0.15 in 2001. The differences refer to the complex study of all areas. The
pattern of menarche age differences among girls from non-farming families maturing
latest and farmers’ daughters maturing earliest remained the same in consecutive
studies in each of the examined areas, apart from Choszczno, in 1987 and 2001. The
economic crisis in Poland between 1977 and 1987 affected differently inhabitants of
various urban areas (Hulanicka et al., 1990; Hulanicka & Waliszko, 1991) and various
social groups. Among the country dwellers it affected mostly the non-farming
population, and delayed menarche age among girls from the group by 0.33 year; in
farmers’ and food producers’ daughters there was an increase in menarche age of 0.08
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year. After the political and economical transformation in Poland of 1989, a levelling
of the biological losses of the crisis time took place. Between 1987 and 2001, the
acceleration of menarche age in the farming group reached 0.36, and in the
non-farming group it was only 0.24 (Laska-Mierzejewska & Olszewska, 2007).

The non-farming group in the Choszczno area was affected by mass unemploy-
ment resulting from the closing down of state farms, as the region was characterized
by the highest concentration of state-owned land in comparison with other examined
areas. It can be conjectured that the discriminatory value of the rural family income
source would have been higher had another region of Poland been investigated.

The method of decision trees is infrequently applied in social sciences in Poland
and is a sort of novelty (Matusik, 2004, 2007; Matusik & Wozniacka, 2007). This
study attempts to draw attention to this method using existing data (Laska-
Mierzejewska & Olszewska, 2006), to show some of its characteristics, advantages and
existing limitations. The algorithm itself, published in the mid-1980s, could be applied
effectively thanks to advancing computer techniques.

The deliberately undertaken challenge, considering a methodological type of work,
was to show an almost identical probability of menarche occurrence or its absence in
the examined subgroups. With such assumptions it was easier to prove effectiveness
of the applied classification method which, the authors conclude, was accomplished.
It should be emphasized that the determinants were only socioeconomic features
expressed in a few categories. Their statistical associations on adult population
growth, body height and pubescence pace have been analysed by many authors
(among others Bielicki et al., 1986; Hulanicka et al., 1990; Charzewski et al., 1991,
1998), and the results of the study are consistent.

Due to increasing difficulties in obtaining information on menarche age, the
models also have a practical advantage of high probability of correct assessment of
girls’ biological development level, based on relatively easily accessible information
considering socioeconomic status of their families.

The models are also of cognitive importance. For example, the 2001 model implies
that 59 girls out of 309 (i.e. 19% — right branch in Fig.1) were from families where
both parents had secondary educational level (or, possibly, father’s educational level
was basic vocational), the number of children was between two and four, the family
owned all household appliances and their income source was from non-farming
activities. An analogical, though more complex, deduction can be made for another
group of 59 girls (left branch in Fig. 1), as well as for 2001 data. A similar
dependency analysis obtained from the 1987 model indicates that the most numerous
group of 22 girls (i.e. 23% from among 96 examined — left branch in Fig. 3) who
reached menarche age, came from families of no more than three children, rather rich
in material possessions (category 1, 2 or 3), in which mothers had secondary or higher
educational level. The obtained classification results are coherent and consistent with
existing knowledge on the association of living conditions with girls’ menarche age.

Conclusions

This work, based on 2000 and 1987 data, shows the mechanics of the decision trees
method based on the CART (Classification and Regression Trees) algorithm, with
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Gini’s heterogeneity measure, presenting relational models based on binary divisions,
classifying pubescence advance in girls from rural areas of Poland (near Choszczno,
West Pomerania district). The models indicated classification correctness for 66-70%
of cases, relying on five commonly accessible socioeconomic variables only. Better
classification efficiency was obtained for 1987, which may indicate a decreased
association of socioeconomic differentiation affecting the level of biological develop-
ment in rural girls from West Pomerania district, Poland, in 2001. The application of
the decision trees method enabled the definition of the hierarchy of nominal,
quantitative socioeconomic variables influencing the girls’ biological development
level. The strongest discriminatory power was attributed to the number of children
in a family and mother’s level of education, followed by father’s level of education
and variables connected with family’s economical status as well as its living
conditions.

The results of this study are also consistent with the results of the analysis of the
same data using the mean of menarche age and depending on the girls’ place on the
scale of each of the analysed social variables (Laska-Mierzejewska & Olszewska,
2006). It proves the usefulness of the decision trees method in examining relations
between biological processes taking place in populations and the conditions in which
the populations exist.
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