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Abstract

Since 1998 the ASEP examination for the teachers of high schools,
has been taking place in Greece. This paper analyzes the exam results
of information technology teacher candidates for the ASEP examination
in 2004. The candidates were examined in three subjects: Information
technology Methodology and Pedagogy. Highest score for each subject
is 100. In the final result, Bachelor’s GPA, postgraduate studies and
work experience in public schools add some increments to the final grade.
The data refer to the 2554 candidates and generalized linear models were
used for the analysis. Interesting conclusions can be deducted. Factors
like gender, teaching experience, postgraduate studies are correlated
with the results of the exams.
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1 Introduction

Since 1998 high school teachers for Greek public schools have been selected
through ASEP (Higher Council of Personnel Selection) examination. In this
paper we analyze the results derived by the examination above, for high school
teachers with field in Information technology who participated in the previ-
ously mentioned examination in 2004.

The candidates are examined in three subjects: Information technology,
Pedagogy and Methodology (of teaching Information technology). They can
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achieve a maximum of 100 points in every subject. The final grade is given
by a weighted average, with weights of 0,5 for Information technology, 0,25 for
Pedagogy and 0,25 for Methodology. The maximum final grade, which can be
achieved is100 points and afterwards some increments are attributed.

These increments involve the Bachelor’s degree GPA (Grade Point Aver-
age), postgraduate studies and any working experience in the public sector. In
particular for Bachelor’s GPA the increment is given by the formula (GPA)-5,
so a degree with GPA 6,51 will get an increment of 1,51. Work experience
gets an increment from 0 to 5 points depending on the years of employment.
For six months work experience an increment of 0,5 points is given which is
the minimum possible increment. The maximum is 5 points, which is given
to those with 9 or more years of employment. Finally a Master’s degree in
Methodology or Pedagogy gets 3 points, a Master’s degree in any other sub-
ject gets 2 points, a PhD degree in Methodology or Pedagogy gets 5 points
and a PhD degree in any other subject gets 4 points.

At this point, we should mention that candidates can be appointed in high
school education if then get 55 points or more to the main subject (Information
technology) and an average of 55 points in Pedagogy and Methodology. These
candidates are considered to have succeeded, and the State decides how many
are needed to be appointed in order to fill the vacancies in education. In
2004 the top 505 out of 2.554 candidates with a University Bachelor’s degree,
and 195 out of 1.222 with Technological Bachelor’s degree were appointed.
We should mention that due to the large number of openings for high school
teachers in Information technology, all those who succeeded in the examination,
were also appointed by the state. This happens also for high school teachers
but no other field (out of 20). e.g. in the 2005 examination there were 827
Mathematicians who succeeded but they were not appointed (Chalikias and
Lalou 2007).

2 Material and methods

The data have been extracted from the internet and concern the grades of to-
tally 3776 candidates (of technological Bachelor’s degree and university Bach-
elor’s degree education) from whish 700 were appointed. The gender and the
average grade of written examinations are known for all the candidates. The
degrees of the three examined subjects are known only for the university Bach-
elor’s degree education candidates and for the appointed university education
candidates, postgraduate status, working experience in public sector and GPA
are available.

For the university education candidates we have used the following vari-
ables:
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- Information Technology: (1-100) The grade of the candidate in Informa-
tion technology subject.

- Pedagogy: (1-100) The grade of the candidate in Pedagogy.

- Methodology: (1-100) The grade of the candidate in Methodology.

- Age: (20-60) The age of the candidate in years.

- Working experience: 0,0.5,1,1.5,, 5.

- Gender1: 1=man, 0=woman

- Postgraduate Studies: 0= If the candidate has only a Bachelor’s degree,
1=if the candidate has a master degree,2= If the candidate has a Phd.

- Postgraduate Studies1: 0= If the candidate has only a Bachelor’s degree,
1=if the candidate has a master degree.

- Postgraduate Studies2: 0= If the candidate has only a Bachelor’s degree,
1= If the candidate has a Phd.

- Pedagogy Mean: The average of Methodology and Pedagogy grades.

- GPA: Grade Point Average

- Mean1: The weighted average grade of written subjects for university
candidates, with weights of 0,5 for Information technology, 0,25 for Ped-
agogy and 0,25 for Methodology.

- Success1: 1=if the university candidate is appointed, 0=If he isn’t ap-
pointed.

Moreover for the Technological Bachelor’s degree education the following vari-
ables are available:

- Success2: 1=if the technological candidate is appointed, 0=If he isn’t.

- Mean2: The weighted average grade of written subjects for technology
candidates, with weights of 0,5 for Information technology, 0,25 for Ped-
agogy and 0,25 for Methodology.

- Gender2: 1=man, 0=woman.

It is obvious that for the technological candidates the available information
is very little so the research of university candidates has concentrated the main
focus of our interest.

Before the results presentation a brief theoretical background in generalized
linear models is available.
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2.1 Theoretical background

We study the case when performing an experiment, the response Y has two
outcomes, usually denoted 0 and 1. Such a response is known as a binary re-
sponse, and is linked with a design matrix of explanatory variables X, through
a probabilistic model T (xij, β) with β being the vector of involved parameters
and xij a value of X. Typical examples for T (xij, β) are Logit and Probit
models.

Let us formulate the problem. We are adopting the generalized linear
models (GLM), were the response is a binary variable declaring “success”
or“failure”, denoted W = 1 or 0, with

P (W = 1) = π = 1 − P (W = 0) (1)

Then the joint probability is evaluated as

n∏
i=1

πwi
i (1 − π)1−wi = exp

{
n∑

i=1

wi log(
πi

1 − πi
) +

n∑
i=1

log(1 − πi)

}
(2)

Assuming that probabilities πi’s assigned to each experiment, are equal,
i.e.

W =

{
1, success with probability π
0, failure with probability 1 − π

(3)

Then the random variable Y =
∑n

i=1wi = number of successes follows a
binomial distribution with probability density function defined as

P (Y = y) =

(
n

y

)
πy(1 − πn−y) y = 0, 1, . . . , n (4)

So we can classify the data as inN independent random variables Y1, . . . , YN
corresponding to the number of successes/failures are assumed. The ith sub-
group includes observations where all the explanatory variables (gender, age
etc) have the same values. Moreover we shall define π from the relation
π = E(Y ) = P (Y = 1)

The target is to estimate the proportion of successes πi = Yi

ni
, in each

subgroup in terms of e.g. factor levels, gender, age etc acting as explanatory
variables Xi , which “describe” the subgroup. There is a (smooth) link func-
tion, say g, which is modelling the conditional mean π, with β being a vector
of unknown parameters, of the form π = g−1(XTβ). As needs to be within
[0, 1] we assume the existence of a cumulative distribution function (cdf) F
such that

π = g−1(XTβ) = F (t) =

∫ t

−∞
f(w)dw (5)
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For the cdf F there exists a distribution function f . This probability density
function f(w) is the tolerance distribution. Let x be the vector of covariates of
length p+ 1 (p is the number of explanatory variables) with x0 = 1 to account
for the constant term.

f(x) =
(β11 + β12 + . . .+ β1p)(β10 + β11x1 + . . .+ β1pxp)

[1 + exp(β10 + β11x1 + . . .+ β1pxp]
2 (6)

From (5) and (6) we obtain

π =

∫ t

−∞
f(w)dw =

exp(β10 + β11x1 + . . .+ β1pxp)

1 + exp(β10 + β11x1 + . . .+ β1pxp)
(7)

Therefore the link function is

g(π) = log
π

1 − π
= β0 + β1x

g(π) = log
π

1 − π
= β10 + β11x1 + . . .+ β1pxp (8)

and is known as logit function or logit transformation.
The same line of thought is used with the ordinal logistic models were the

response is categorical with more than two outcomes (in our case there are
three outcomes 0, 1, 2). follows trinomial distribution and twolink functions
g1(x) and g2(x) links the linear combination xβ and the quantities P (Y = 1)
and P (Y = 2) respectively. The two logit functions (p is the number of
explanatory variables) are:

g1(x) = ln

[
P (Y = 1)

P (Y = 0)

]
= β10 + β11x1 + . . .+ β1pxp = (1, x)β1

and

g2(x) = ln

[
P (Y = 2)

P (Y = 0)

]
= β20 + β21x1 + . . .+ β2pxp = (1, x)β2

3 Results

First of all some summary statistics are presented (available) in order to have
a thorough picture of the data. In Table 1 the mean values of the grades of
the three subjects are available for the university candidates. Table 2 refers to
the appointed Candidates

It is evident from the other variables that the majority of the appointed
university candidates are men (78.8%), only 2% own Phd, 30.0% have a mas-
ter’s degree, the average of their age is 27.65 years and the G.P.A average is
7.37.
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Variable Mean value Standard deviation
Information technology 40.95 10.87

Pedagogy 58.19 13.20
Methodology 58.07 18.87

Mean 49.54 10.56
Pedagogy mean 58.12 14.24

Table 1: Mean values and standard deviation for the university Bachelor’s
degree candidates

Variable Mean value Standard deviation
Information technology 62.93 5.8

Pedagogy 72.86 8.5
Methodology 64.78 8.7

Mean 69.63 6.11
Pedagogy mean 66.28 3.89

Table 2: Mean and standard deviation for the appointed university Bachelor’s
degree candidates

Moreover 81.1% of the technological candidates are men, the mean value of
weighted average for the appointed candidates is 68.1 and for the candidates
who failed in the competition is 46, 6.

The results below will be discussed and interpreted in section 4 (Conclusions-
Discussion).

Variable Coeficients S.e β P-value
Pedagogy mean -0.019 0.016 0.234

Age 0.064 0.022 0.004
G.P.A 0.46 0.140 0.001

Information technology 0.033 0.017 0.052

Table 3: Coefficients of the model with Postgraduate Studies as a dependent
variable

For the university candidates four statistical models have been used. The
first two were generalized linear models (an ordinal logistic and a logistic re-
gression model), the first has Postgraduate Studies as a dependent variable
and the G.P.A, the Gender1, the Age, the Working Experience, the grades
in Information technology Pedagogy and Methodology as independent vari-
ables (see Table 3). The second model deals with the influence of the gender
in the success of the competition the dependent variable is Success1 and the
independent Gender1.
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Variable Coeficients S.e β P-value
G.P.A 0.82 0.18 0.00
Age 0.26 0.03 0.00

Postgraduate studies 1.14 0.61 0.06
Gender1 2.32 0.30 0.00

Working experience -0.65 0.18 0.00

Table 4: Coefficients of the model with Mean1 as a dependent variable

Variable Coeficients S.e β P-value
Pedagogy mean -0.06 0.05 0.28

Gender1 4.05 0.56 0.00
Working experience -1.64 0.33 0.00

G.P.A. 1.48 0.34 0.00
Age 0.58 1.05 0.00

Postgraduate studies 1.96 1.16 0.09

Table 5: Coefficients of the model with Information technology as a dependent
variable

The third and the fourth are linear models. The third has Mean1 as a de-
pendent variable and Postgraduate Studies, Age, Working Experience, G.P.A
as independent variables (see table 4) the other has the grades in Information
technology as a dependent variable and Gender, Postgraduate Studies, Age,
Working Experience, G.P.A and Pedagogy Mean as independent (see table 5).
Finally for the technological candidates a logistic model, analogous to the sec-
ond model, examines the effect of the gender in the success in the competition
(the dependent variable is ’Success2’ and the independent Gender2). That
model has been used for the comparison of the results of the university candi-
dates with the results of the technological candidates because it is of interest
to examine if gender affects the success in the competition in the same way
in both categories. Stepwise regression had been used for the finally results of
the models.

It is remarkable that the two (single) logistic models were examined for the
ordinal models goodness of fit (egg and Gray, 1984). The first has Postgraduate
Studies1 (which is 0 when the candidate has only a Bachelor’s degree and
1 when the candidate has a masters degree) as dependent variable and the
second has Postgraduate Studies2 as a dependent variable (whish is 0 when
the candidate has only a Bachelor’s degree and 1 when the candidate has a
Phd degree or more than one master’s degree).

For the single logistic models Hosmer Lemeshow test has been used (Hosmer
Lemeshow, 1978). In both cases we don’t reject the null hypothesis that the
model has a good goodness of fit.
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Finally for the model with Postgraduate Studies1 as a dependent variable
we have the following diagram (the diagram with Postgraduate Studies2 as a
dependent variable is analogous).

Figure 1: Cooks Distance vs Probability Predictions

4 Conclusion-Discussion

The model is adequate for that data set because the majority of the predicted
values have deviance (analogous measure to the residuals in linear regression)
less than 0.05 whish is obvious from the axe of the Cook’s Distance, Cook and
Weisberg (1982).

From the first statistical model we conclude that the candidate’s age has a
positive effect on postgraduate studies. From relevant coefficient we get that
for every extra year, the probability that the candidate holds a Master’s degree
is increased by exp(0.064) − 1% i.e. approximately 6.6%. We should mention
that, for the majority of fields, age has a negative effect on postgraduate stud-
ies (older candidates have a smaller probability to hold postgraduate degrees)
e.g. Mathematician (Chalikias and Moschona 2005), and Physics teachers.
The main reasons for this are (a) the difference in age between Information
technology candidates and Mathematics candidates (the average age was just
27.7 years for Information technology and 34.9 years for Mathematics candi-
dates) and (b) the existence of many new graduate programs in Greece during
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the last years.
Bachelor’s GPA is a crucial factor for postgraduate studies as most graduate

programs require a certain GPA achieved. Finally postgraduate studies have
a positive effect on grades achieved just in Information technology and not in
Pedagogy or Methodology.

The second statistical model tests which factors affect the weighted average
grade of the written subjects for the candidates. Gender seems to be a key
factor. Although 67% of candidates are male and 33% are female, 78% of those
who succeeded were male. With Man-Whitney’s non-parametric test we also
conclude that the average grades achieved for male candidates were higher.
For Information technology the average for male candidates was 53.42 and
for female 51.68 and for those who succeeded, was 63.45 and 61.00 for male
and female respectively. From the Logistic Regression model with dependant
variable Success1 (Yes or No) and independent Gender1 we conclude that males
are twice more likely to have succeeded the examination (exp(0.7)− 1 = 2.01)
than females. There is no significant statistical difference between males and
females average grades achieved in Methodology and Pedagogy.

For candidates with Technological Bachelor’s degrees, the main conclusions
are almost the same: 56% of the candidates were male and 81.5% of the
appointed candidates were male. From the relevant coefficient of the Logistic
Regression males are 2.5 times more likely to have succeeded the examination
(exp(0.88) − 1 = 2.41) than females.

There is no significant statistical difference between males who succeeded
with a University Bachelor’s degree and Technological Bachelor’s degree (78.8%
and 81.1% respectively).

Finally Bachelor’s GPA is proportional to average points achieved in ASEP
examination. For an increase of one point in Bachelor’s GPA, average score
achieved is increased by 0.82 points.

From the third model (which tests which factors affect the grade in Informa-
tion technology), we conclude that grade achieved in Information technology is
proportional to age and Bachelor’s GPA. The scatter plot (figure 2) for age and
grade in Information technology shows a linear relation. This is also justified
by Pearsons’s coefficient (r = 0.57, p-value< 0.001).

Finally for an increase of one point in Bachelor’s GPA, grade achieved in
Information technology is increased by 1.48 points. But grade in Information
technology is not related to grades achieved in Methodology and Pedagogy.
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Figure 2: Cubic spline of the variables Age and Informatics
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