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te at which the ICTs (Information and Communication Technologies) are introduced into the educational process is very
in spite of the materialized high ICTs investment in the sector. The purpose of this thesis is to investigate the factors,
lead to the observed low rate of ICTs adoption in the process of Maths teaching in the secondary education in Greece.
se of ICTs by the Maths teachers is distinguished in two categories: use for the teachers' own personal needs and use in
By using an ecosystemic approach, the ICTs are specified as invaders into the school environment — the ecosystem —
bing the existing balance among its elements — computer applications and teachers. The empirical exercise included the
econdary education schools in the Prefecture of Thessaloniki together with the 742 Maths teachers of these schools.
-structured interviews and a questionnaire survey were carried out in 2006-07. The collected data were analyzed by using
atent Variable Models. The LISREL software was used.The results show a strong two-way relationship between Maths-
ers’ use of ICTs for their own needs and their use in class. “Fear” of ICTs use in class, as well as teacher-collaboration,
ravorable-to-ICTs school environment are among the factors which affect significantly the ICTs adoption in class.

2 Information and Communication Technologies (ICTs), Maths Teaching, Secondary Education, Ecosystemic Approach,
it Variable Models, LISREL.

at which the [CTs (Information and Communication Technologies) are introduced into the educational process is
n spite of the materialized high ICTs investment in the sector (Becker, 2000a, Cattagni & Farris, 2001,
. 1996, Cuban, 1999, Kasimati & Gialama, 2001, Triantafillou, 2002). The purposes of this paper are a) to
e the role of teachers and school environment in the degree of ICTs use b) to identify the factors which lead to
ved low rate of ICTs adoption in the process of Maths teaching in the secondary education of Greece. The
tises on the fear and the prejudice of teachers for ICTSSs use in the classrooms.

e high investment for ICTs creates expectations for high rate of introduction of ICTs into the educational
However, the results of international organisms like as OECD, Eyridice, ETD show that the rate at which the
introduced into the educational process is very slow in spite of the materialized high ICTs investment in the

e use of ICTs by teachers during the lessons, affects in a positive way the knowledge (Loveless, 1996). The
using ICTs laboratories have better grades than the students who didn't have access to the ICTs. However, the
using the ICTs by the teachers during the process of learning isn't sufficient (Becker, 2000 a, Cattagne & Faris,

Theoretical Model

ngs of several researches were the motivation to investigate the factors, which lead to the low rate of ICTs
in the educational process (Kynigos, 2001, Wendy, 2001, Ana & Viega, 2002, Li, 2003, Gunilla & Jorden, 2004).
er case studies the process of Maths teaching in the secondary education of Greece. Maths was selected
of the historical meaning which have as science, the basic and important role of Maths in the secondary
and the majority of the computer applications which are related to Maths.

e use of ICTs by the Maths teachers is distinguished in two categories: a) use for the teachers’ own personal
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needs and b) use in classroom. Several researches show that the Maths teachers use the ICTs for the preparation
teaching, for searching information, for exchange aspects e.t.c. In addition, using ICTs by the teachers in the classraop,
creates an interactive environment of learning.

According to the above, this paper a) investigates the relationship between the uses of ICTs by Maths teacheyy
and the rate of adoption of ICTs in the educational process and b) identifies the factors, which influence this relationgp
(Amartya, 1999). The factors of adoption of ICTs in the classrooms are distinguished in two categories: a) interg
factors, like as phobia, prejudice, stress of Maths teachers for using ICTs and b) external factors, like as the schy
environment (see Figure 1)

Figure 1. The Theoretical Model

Source: Keramida, 2010

The use of ICTs, according to an ecosystemic approach, which applied by Zhao and Frank in 2003, are specified as
invaders in the school environment (ecosystem), disturbing the existing balance among its elements which are the
computer applications and the teachers. The ecosystemic approach focuses on the dynamic process of interaction
between the Maths teachers and the ICTs, taking into account the following seven parameters:
1. School as ecosystem. It is a complex system of many parts and relationship of both biotic (teachers, students
parents, administration) and abiotic components (physical setting, location of the computers, grades and
subjects of teaching). ,
2. Teachers as individuals and members of a species. Teachers as human beings are seffish in that they arg
primarily concemn with the well-being of their classrooms. But they also live and work in social groups and
know that they may need help from other some times. Teachers support each other because of their common
interests.
3. External innovation as invasion. Computer uses promoted by techno-enthusiasts to schools, are invading
species. So the successful adoption depends on their compatibility with the teaching environment, including
the teachers and other species.
4. Computer uses as species. We developed a framework for understanding technology uses in school from an
ecological perspective. We treat the types of the computer use by teachers as indicators of classroom
ecosystem. There are two main types of uses in terms of the purpose of use: a. for the teacher's own personal
needs and by teachers in class.
5. Interacting with the environment and the role of the teaching ecosystem. Our framework places emphasis on
the dynamic process between the teacher and the computer.
Professional development as opportunity for species-species co-evolution and mutual adaptation.
Teacher predispositions (like as fear, prejudice e.t.c.) for the compatibility.

N

3. The Data

The empirical exercise included the 237 secondary schools in the Prefecture of Thessaloniki together with the 742 Mat‘hs’
teachers in these schools. The sample covers the 10% of the population. Semi-structured interviews and questionnaré
survey were carried out in 2006-2007. From 742 Maths teachers the 606 filled in the questionnaire correctly. For }hfi
semi-structured interviews was selected by random stratification a sample of 60 teachers. The semi-structured intervie¥
includes set of questions about technology infrastructure, policy, investment and beliefs regarding technology. The bast
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of these interviews was that all the teachers use the ICTs for their own personal needs but avoid using of
jters in the classrooms. The survey included 19 various format items (Likert Scale, Multiple Choice and Fill in the

e collected data were analyzed by using the Latent Variable Models (Gujarati, 1980). The LISREL software was
e create seven cases of model, which identify the factors of successful adoption of ICTs in the process of Math
in the secondary education of Greece. Every case of the Latent Variable Models includes two basic models:
The Structural Model
The Measurement Models
e general form of the structural model includes the following three matrix equations:
) 7=Bn+ré&+¢
) ¥=A,+0
) y=A,+e
e variables of the Latent Variable Models are the following:

Variables of LVM

Symbol of Description Indicators

Exercise Model

SUCC_T Success in the use of ICTs by the (1) ADMIN (use of ICTs by the teacher for administrative

teachers for their own benefit. tasks at school)

(2) ADM

(3) PREP (use of ICTs by the teacher for the preparation of
courses)

(4) PREPA

(5) OWN_ed (use of ICTs by the teacher for his information
on science)

(6) OWN_edu (use of ICTs by the teacher for his
information on school subjects)

SUCC_S Success in the use of ICTs by the | (1) TEACH (use of ICTs by the teacher for teaching)

teacher for the benefit of the student. | (2) TEACH2

(3) TYPE (use and management of software and hardware -
in teaching)

(4) TYPE1 (using word processing software and
spreadsheets in teaching)

(5) TYPE2 (software and hardware management in

teaching)
PRECONC* Disposition of teachers in ICTs. (1) PRECONC (self-assessment)
~ [SCHOOL* Influence of school environmentin | (1) SCHOOL (environment of creative challenges)
the use of ICTs.
FEAR* Phobia of teachers for ICTs. (1) FEAR (feelings of fear)

f‘Keramida, 2010.

ng-on the version of model that was investigated, similar parameters are used. The paper investigates the seven
s of the model with path diagrams, tables, and equations. Also, presented in a concise manner, the maximum
| estimates for all models and finally becomes a commentary on the seven cases of the model. In the paper we
on the models M2 which is the more important than the others.

:ﬁEmpiricaI Application of Model Mz
el M2 exams if the success in the use of ICTs by the teacher for the benefit of his students affects.the way he

for their own benefit. This relationship considers that the phobia and the predisposition of the ICTs influence
s behaviour. The variables of the model M2 are the following: ’

5@
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Table 2. Endogenous Latent Variables

VARIABLE OF LVM VARIABLE OF EMPIRICAL MODEL M.
n Succ_T*
n; SUCC_8*

Source: Keramida, 2010.

Table 3. Exogenous Latent Variables

VARIABLE OF LVM VARIABLE OF EMPIRICAL MODEL M.
& PRECONC*
FEAR*

Source: Keramida, 2010.

Table 4. Indicators of Endogenous Latent Variables

VARIABLE OF LVM VARIABLE OF EMPIRICAL MODEL M
vi ADM
V2 PREP
¥s OWN_ed
va TEACH2
¥s TYPE1
Yo TYPE2

Source: Keramida, 2010.

Table 5. Indicators of Exogenous Latent Variables

VARIABLE OF LVM VARIABLE OF EMPIRICAL MODEL M.
X1 PRECONC
X2 FEAR

Source: Keramida, 2010.
The path diagram of the model is the following:

Figure 2. Path Diagram of Model M2

-COhL-Benen s8R 83, ﬁf#;a, greakuntl, GO0, RMIRARRARE

Source: Keramida, 2010.
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h diagram of the model M2 is an altemative presentation of general model and describes the relationships of the
s that are valued in a structural part of the model M2, with yellow and green circles, as well as the measurement
s, with grey and blue squares. The arrows show the relationships of cause among variables. Al relationships are
d. The values next to each arrow are the statistic t values for each factor, and the interpretation is the same as

he estimation of the model M2 and the path diagram show the following:

_there is an one-sided positive and statistically significant effect of the variable SUCC_S * in the variable
SUCC_T *. This means that the success in the use of ICTs by the teacher to the student, affects positively on
rate £2=10073 success in the use of ICTs by the teacher for his own benefit. if successful use of ICTs by the
teacher to the students increased by one unit, then the success in the use of ICTs by the professor for his own
interest will grow at 1.0073.

the variable PRECONC *, as the tendency of teachers in ICTs, affect only the variable SUCC_S * with positive
correlation with rate 7» =0.0%6 and is statistically significant.

in addition, the variable FEAR *, the phobia for ICTs has a small but negative and statistically significant effect
on variable SUCC_S * with a coefficient of 7. =-0.4520,

he model Mz has the following format:

n=Bn+T&+{

¥=A,E+6

y=A,n+e¢

omfg{m +[‘0A0}F;1+[§:,1
O im Y 7’22‘j Qs | &fz_j (1)
surments Models
Lo, 4
£
01 L =2 (52 )
(A, 0] 5y ]
A, 0 €,
0 4, [77 lJ EE
0 /l 4 ’7 2 & 4
0 A e,
L0 Ag ] &y | 3
equations of model M2 are the following:

pi+E)

e s e
nsitrnsrte;

first 2 equations is the structural part of our model, equations 3 and 4 give us the measurement models for
 latent variables and finally the equations 5 to 10 give us the measurement models for endogenous latent

® B2
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variables. There is one-sided relationship between endogenous latent variable, equation 1, whereas in equation 2 "

is the relationship for variable 7: which is only affected by exogenous latent variables. In addition we give unit fixeq
(#=1) on the coefficients of the exogenous latent variables.

The econometric estimation of the model Mz using LISREL program creates the following equations:
7,=1.00731,
: (27.81)
7,=0.0906 £,-0.4520¢,
2.27) (22:81)
JAS A

DI’IC%«

Za=1d,
¥=0.76502,+14.49

2 =07 STTA15.36
(29.39)

7=0.72647,+14.41
(31.99)

#,=0.94237,

5=0.86227,+14.55
(28.03)

$,=0.87575,412.99
(29.81)

GFI=0.8956
The following co-variance matrix is based on 606 observed variables

Table 6. Covariance Matrix of model M2

yi Y2 Y3 Y4 Vs Yo X1 X2
yr | 0.7514
y2 | 0.5580 0.7943
ys | 0.5530 0.5743 0.6743
ya | 0.7286 0.7663 0.6663 1.3006
ys | 06342 0.7147 0.6247 0.7765 0.9419
ys | 0.6990 0.6171 0.6421 0.8332 0.7774 0.9086
x| -0.001 0.1097 0.0497 0.0365 0.0869 0.0199 0.4519
X2 | -1.0869 -0.9801 -1.0001 -1.3078 -0.0810 -1.1701 -0.0360 2.9547

Source: Keramida, 2010
The results of the estimation of the model M2 show that:

4.1 A Structural part of the Model

The variable 7-affects positively the variable ™ with rate £»=1-973 and is statistically significant (¢~ st =27.81),

Respectively note that variable s affected by the exogenous latent variables & and¢:. Specifically we show th
the variable4 act positively in the variable:, with rate %:=09%6 and is statistically significant (/- siar=227), while {
variable & affects negatively the variable 7, with rate ¥ =~04520 and is statistically significant (¢ —star = ~22.81),

4.2 The Measuring Model of Exogenous Latent Variables

The coefficients of the exogenous variables that have unit fixed price (4=1). We observe that the ¢ was measured
indicators 41 and 42 respectively.

b8 R
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e Measuring Model of Endogenous Latent Variables

that the variable " was measured by indicators %, ¥2 and¥. The variable ™= was measured by indicators s,
. And here we have positive signs on the coefficients and is also statistically significant at the 1% significance
» note that in equations 5 and 8 are not given by the LISREL software the /- saf of rates because the
us indicators »+ and ¥« are considered as reference indicators. Below are summarised for all models (M1-
aximum likelihood estimates.

Maximum Likelihood Estimates of Models M1-M7(T-values)

Parameter
M M M M Ms Ms My
p 1.0635 1.0073 04826
2 (26.23) (27.81) (18.68)
P 0.4962 0.9931 10410 | 02179 | 02617 | 0.1215
2 (3.18) (27.15) (26.35) | (6.67) | (13.09) | (7.59)
0.0255 0.898 0.7642 | 04971 | 05765 | 0.5569
yu (1.76) (2.25) (17.60) | (1541) | (17.18) | (18.14)
04532 | -0.1463 | 0012 | -0.0005
yu (-25.04) 689 | (040 | (0.03
05569 | 0.5270
Yia (18.34) | (21.70)
0.0906
ya (2.27)
-0.3504 ~0.4520 00223 | 0044 | 00223 | 08949
¥z (-2.69) (-22.81) (145 | 373) | (3.33) | (29.79)
08493 | 0.7760
ys (2051) | (48.48)
o 0.7541 0.7650 0.7674 12623 | 1.2577 | 1.2583 | 0.7673
s 0.7410 0.7577 0.7597 11062 | 11238 | 1.1259 | 0.7793
(27.90) (29.39) (2054) | (3778) | (38.95) | (39.12) | (31.20)
" 0.9486 0.7264 0.7315 09726 | 09522 | 0.9542 | 06979
' (31.99) (3249) | (36.63) | (34.09) | (34.24) | (29.38)
M &g"g‘; 09423 09425 | 09620 | 14115 | 14118 | 1.1209
s 0.8795 0.8622 0.8653 0.8675 | 0.7244 | 0.7238 | 0.7068
(30.13) (28.03) (28.10) | (29.94) | (27.01) | (26.97) | (25.66)
o 0.8757 0.8837 08640 | 0.7504 | 07502 | 0.7471
(29.81) (30.05) | (30.75) | (3045) | (30.44) | (30.23)
06722 0.8605 0.8605
M (3479) 1.0000 1.0000 10000 | 370 | 10000 | 5070
17189 1.7189 10305
Mo (3479) 1.0000 1.0000 10000 | (3479) | 10000 | 3070
10214
s Gazay | 0000
Rexq 7,0000 1,0000 1.0000 1.0000 1.0000
R 1,0000 1,0000 1,0000 1,0000 1.0000
Ry 0.9825
Ry, 0.7581 0.789 0.7837 08439 | 0.8378 | 0.8386 | 0.7836
Ry, 0.6924 0.7229 0.7267 0.8186 | 0.8449 | 0.8482 | 0.7646
Ry 0.6925 0.7827 0.7935 0.8014 | 0.7681 | 0.7714 | 0.7225
Ry 0.7950 0.6827 0.6830 0.7129 | 09499 | 0.9505 | 0.9661
Rérs 0.8522 0.7894 07949 | 07990 | 05571 | 05563 | 09304
Rve 0.8476 0.8594 08217 | 06197 | 06195 | 06143
[\ 1.87
& BB
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Parameter
M M2 Ms M4 Ms Ms My
& 1321 14.49 430 | 1420 | 1381 | 1376 | 142
& 14.81 15.36 15.18 1479 | 1359 | 1347 | 1451
£ 15.36 1441 14.10 1500 | 1520 | 1609 | 15.15
& 13.80 1581 1563 1597 | 1035 | 1025 | 875
& 11.91 1455 1411 1488 | 1763 | 1762 | 1747
& 12.09 1.9 1430 | 1758 | 1757 | 173
. 0.0186
w (0.01)
01814 0.1661 02948 | 0.3063 | 0.3048 | 0.16%
o 0.01) on) | 01625000 | 000 | 002 | (002 | @01
0.2200 0271 | 0271 | 02317 | 02270 | 0.1870
o 024390002 | 5.01) 001 | 002 | 002 | ©02 | 0
= 03997 0.1465 01392 | 0.2344 | 0.2737 | 0.2699 | 0.1671
o (0.03) (0.01) o | 002 | 002 | 002 | ©oy
04126 04122 | 03733 | 0.0651 | 0.0644 | 0.0841
0u 01925000 | (.0 003 | 002 | ©on | ©on | o
01342 01932 [ 0.1803 | 0.4172 | 0.4179 | 0.4424
s o) |00 T ooy | o) | 002 | 002 | 003
- 0.1384 01277 | 0.4620 | 03485 | 0.3457 | 0.3504
"" (0.01) 001) | oon | 002 | 009 | 00
Degrees of Freedom 11 18 18 17 20 21 17
X2 238,34 2(32035” 2(8%3)7 37008 1(007863;6 1079.74 | 100174
(Prob) (0.00) : : 0oy | © ©00) | (0.00)
GFI 0.8988 0.8956 08919 | 08674 | 07178 | 07160 | 0.7073
AGFI
074248 0.7911 07838 | 07191 | 0.3650 | 0.3915 | 0.3801
RMSR 00346 0.0311 00316 | 00362 | 01083 | 01087 | 0.0075

Source: Keramida, 2010,

The model M2 investigates the relationship that develops between the use of ICTs by the teacher for the benefit of {
student (SUCC_S *) and the use of ICTs by the teacher for his own benefit (SUCC_T *). For this purpose are taken in
account the predisposition of teachers impact on the transmission of knowledge of teachers through [CTs (PRECONC
and their phobia (FEAR®). The variables SUCC_T * and SUCC_S * are endogenous latent variables and PRECONC
and FEAR * are the exogenous latent variables.
This model represents a complete model LISREL. The first equation is the structural model, and the next tw
equations represent the measurement models. From the tables LAMBDA- Y, LAMBDA-X, BETA, GAMMA, PSI, THET
DELTA, THETA- EPS and 18 free parameters are derived to estimate. According to the identification of model we hav
t<w=>18$&:]8$36
h 2 2 so our model is perfectly identified while the degrees of freedom is 36-18 = 18.
The maximum likelihood estimates for matrixs LAMBDA-Y, LAMBDA-X, BETA, GAMMA, PSI, THETA-DELT
THETA-EPS and the correlation coefficients, R, for the rates Y and X are:
R%1=0.7789
R%2=0.7229
R%3=0.7827
R%4=0.6827
R25=0.7894
R%6=0.8476
R24=1.00000
R2»=1.00000
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Al the above rates are satisfying. Adaptation measures GFI, AGF! is almost perfect. The GFl equals 0.8956 and
i too high, 0.7911. In addition, the value of RMR is satisfying and is equal to 0.0311.

f the most important pieces in each program LISREL is the t-values obtained with the use of standard errors. We
e standard errors and the t-values for matrixs LAMBDA-Y, LAMBDA-X, BETA, GAMMA, PSI, THETA-DELTA,
-EPS. All t-values are satisfactory (> 2) except of the matrix GAMMA which has a negative t-value (-22.81) that is
than 2.

n conclusion, the use of ICTs by the teacher for the transmission of knowledge affects positively the use of ICTs
personal benefit, helping in his professional development. Of course, important role in the use of ICTs by the
-for the benefit of pupils have prejudices and phobias of teachers for ICTs, which have a negative effect.

n addition, the use of ICTs by the teacher for the course preparation (PREP) and the use of ICTs by the teacher
g informed on his science (OWN_ed) are considered as a success in the use of ICTs by the teacher for his own
and personal needs. The use of word-processing software, spreadsheets (TYPE1) and software and hardware
ement in teaching are types of successful use of ICTs by the teacher for the benefit of the students (TYPE2).
on the above, we concluded that the use of ICTs by the teacher for the transmission of knowledge contribute
ly to enhancing the use of ICTs for their own benefit.

nclusions

conclusions are based on the results of the survey. The findings will help the institutions of education and the
s to contribute to efficient and comprehensive integration of ICTs in the educational process. According to the
cal framework that was applied on the basis of estimations of seven models, shows that ICTs are considered
hat disrupt the already existing school environment both from teachers, who are the key elements of the
and from students.

pecifically, the research results concluded that the fears and prejudices of the ICTs teachers are responsible for
gative attitude to them and affect inhibitory the integration into the educational process. Teachers perceive ICTs
iders threatening the balance of their environment and for this reason reject the ICTs. Therefore, the effective
| to counter this negative situation is the provision of appropriate incentives from the school environment to the
So, teachers will be able to overcome negative emotions and use of ICTs in teaching. Moreover, the successful
of computers into the educational process in the context of the ecosystem of the school, depends on their
ity with the teaching environment.

ddition, the paper shows how the use of ICTs by the teacher for personal benefit, affects the transmission of
e positively. Therefore, we should find ways to strengthen teacher training in the use of ICTs, which will
to their integration in the educational practice. In addition, the use of ICTs by the teacher during the teaching
ontributes positively to ICTs application for personal development and facilitates students in understanding the

integration of ICTs in the educational process is greatly influenced by the school environment. In a favorable-
chool environment with creative challenges, the teacher who is trained in ICTs manages to successfully
them into the educational process. An adequate logistical equipment and harmonious collaboration with
s working in the same business premises create a favorable environment for the introduction of ICTs in
In contrast, in the case that the school environment does not provide incentives to learning, ICTs are not
in the educational practice.

mmarizing the results of the thesis we concluded that the integration of ICTs in the educational process requires
who do not have phobias and prejudices about ICTs and operate in favorable school environment. With the
vorable-to-ICTs school environment” is described a school that constantly strengthens teachers in ICTs use and
incentives and motives for continuous updating and development. The teachers and the school environment
p to consider ICTs as invaders, aimed at disruption of the school, acting menacingly and parasitically. In
t, ICTs should be examined as elements of improvement and evolution of both teachers and the school

gard to the prospects for further investigation, it is proposed to be a research that would cover also other
res of Greece. It would be interesting to investigate, in a first phase the degree in which the ecosystemic
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theoretical frame constitutes a powerful tool for the interpretation of the use of ICTs in schools that belong in gtpe
prefectures of Greece and in second phase the degree in which the results of this research are common with the resulty
of the researches that will be realized in the other prefectures. "

Also, it would be important a future research to concern other specialities of teachers and other educational levgly.
so that there would be a comparison of the results in order to have useful conclusions. Besides, it would be interesting 1,
conduct a research in the school population that studies in the educational institutions of secondary education in
prefecture of Thessaloniki. For this purpose we would use the tools and theoretical ecosystemic frame, so thy
convergence or divergence between the results of the two researches is realized. Finally, we should expand the reses
in the school populations to generalize itself on one side also in other prefectures of Greece and on the other sidg
other educational levels so as we reach useful conclusions.
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