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Abstract
This study examines the instructional activities that underlie achievement in science
using data from the TIMSS-R database. The focus population for this study is 15-yearold students from Cyprus. The results revealed a number of variables that were found
to be negatively correlated with achievement as well as variables that were positively
correlated with achievement. It appears that the negatively correlated variables that
formed factor 1 fall into two broad categories, namely, use of technology and use of
homework-related activities. In addition, the negatively correlated variables that fall
into factor 2 could also be separated into two broad categories: using the board, and
paper and pencil types of activities. Finally, the third factor included teaching
strategies and group interactive activities which were associated with higher levels
of science achievement. These results provide some insight into how instruction can
be improved in Cypriot middle schools.

INTRODUCTION
The science education literature is filled with numerous research articles that suggest
that many types of instructional methods are helpful in increasing the achievement
levels and knowledge of students in the area of science. However, many of these
results are based on small-scale studies that took place in well-controlled
experimental conditions where teachers were excited about using new teaching
methods, while the children were excited by the novelty of those activities. In
addition, many such studies lack generalizability. Therefore, although some teaching
methods might work exceptionally well when trained science educators use them,
they might not work as well when teachers are not committed fully or do not know
how to use the methods properly. Other teaching methods might also tend to work
well in western and developed countries, although there is no guarantee that such
results can be generalized to other non-western or developing countries.

Consequently, there is a need in all education research to correct the western bias
that exists in a large majority of research studies, and to eliminate false
generalizations from research conducted in western countries to other, very
different developing countries in terms of culture and educational context.
The purpose of this study is to examine, through the TIMSS-R data, what type of
teaching activities or methods used by science teachers work or do not work well
in eighth grade science classrooms in Cyprus. This will be achieved through
examination of the types of science activities that are associated with higher and
lower levels of science achievement in this country.
The rational for this study is that by better understanding the relationship between
specific instructional activities and achievement, educators can make more informed
decisions on how to improve instruction in science. More specifically, many
instructional activities might not work well in the classroom, if teachers do not
know how to use them correctly, or when schools do not have the necessary
equipment to use them optimally. Therefore, a careful examination of this issue
could offer insights into why some teaching practices do not work well in certain
situations in middle schools in Cyprus. Based on the same rationale, practices that
work well in science classrooms because they are associated with higher levels of
science achievement should also be identified.

Theoretical framework
It has been shown that poor science achievement can be remedied through more
effective teaching strategies and more positive attitudes towards learning science
(Papanastasiou & Zembylas, 2004). The development of more active and creative
learning environments in classrooms is needed for the same purpose (Suárez et al.,
1998). As a result, a substantial body of research has accumulated over the last three
decades concerning the importance of various instructional activities for science and
the relationship between these activities and science achievement (e.g. House, 2000;
Haury & Rillero, 1992). For example, many researchers advocate instructional
approaches that emphasize activities and learning by doing (hands-on science), which
have proven to have a positive effect on students' science achievement (Haury &
Rillero, 1992). This extensive literature includes national studies and international
comparisons using numerous research methods (see e.g., Lemke et al. 2000; Martin
et al., 1999). However, there has not been a consensus on the magnitude and direction
of the relationship between hands-on science learning and science achievement. For
example, although hands-on science has been proposed as a means to increase student
achievement in science education, many educators have argued that hands-on science
may reduce student achievement as well as improve it (Burkham, Lee & Smerdon,
1997; Glynn & Duit, 1995; Hodson, 1996; Peng & Hill, 1995).
Similar inconclusive results have recently been found in the relationships between
computer use and mathematics and science achievement in various countries
(Papanastasiou, 2003; Papanastasiou & Ferdig, 2003; Papanastasiou, Zembylas &
Vrasidas, 2003). Although the usefulness and importance of educational technology
is reflected through the rapid increase in the placement of computers in schools,

there are still occasions where computer use is associated with lower levels of
achievement.
Thus inconclusive and different results might be due to the complexities of these
relationships (e.g. House, 2000; Zady, 2003) and the importance of investigating
their "locality" (Papanastasiou & Zembylas, 2002), that is, the local influence of
variables on student learning in science (Schibeci, 1989). Thus, this study examines
the instructional activities that underlie achievement in science in the context of
Cyprus.

METHODS
The results of this study are based on the repeat of the TIMSS that took place in 1999
(TIMSS-R). The sample of the study included 3116 Cypriot students who were in
eighth grade at the time of the study. Of the whole sample, 49.1% were girls, while
the average age of the sample was 13.8 years old. The main sources for these analyses
were the TIMSS student questionnaires and student science achievement tests. The
student questionnaires included items where the students had to report information
about their mathematics and science classrooms, their backgrounds and activities,
and instructional techniques used by their teachers.
For the purpose of this study, in addition to student's achievement, the only other
variables explored were the activities related to the science teacher's teaching
methods (as reported by the students). For the purpose of this study, the dependent
variable was the students' science scores. The Rasch scale was selected for these
analyses since it allowed for the scores of all students to be equated and placed on
the same scale, regardless of which TIMSS booklet was assigned. The analyses
performed in this study were based on correlational-based analyses (e.g., factor
analysis) that were performed with SPSS 10.1.

RESULTS
The first analysis that was performed in this study was a Pearson correlation, to
determine which types of science activities were positively and negatively correlated
with science achievement on the TIMSS. Activities that were associated with high
levels of science achievement in Cyprus were: using everyday things to solve science
problems (p = 0.155, p = 0.00), giving homework (p = 0.170, p = 0.00), having the
teacher check homework (p = 0.093, p = 0.00), having the teacher give
demonstrations (p = 0.100, p = 0.00), having the teacher use the board (p = 0.087,
p = 0.00), and having the students do experiments in class (p = 0.049, p = 0.07).
These results are presented in Table 1.
Activities that were associated with lower levels of achievement were: copying notes
from the board (p = -0.058, p = 0.01), working on projects (p = -0.129, p = 0.00),
using calculators (p = -0.126, p = 0.00), students using computers (p = -0.161,
p = 0.00), the students using the overhead (p = -0.201, p = 0.00), beginning
homework in class (p = -0.105, p = 0.00), checking each other's homework
(p = -0.118, p = 0.00), and the teacher using the computer (p = -0.167, p = 0.00).
These results are also presented in Table 1.

Table 1: Correlation coefficient between science activities and science Rasch scores
Pearson Correlation
Activities correlated positively
with achievement
Teacher shows how to do problems
Have a quiz or test
Work from worksheets on their own
Solve with everyday things
Work in pairs or small groups
Teacher gives homework
Teacher checks homework
Teacher gives demonstrations
Students do experiment in class
Teacher uses board
Students use board
Activities correlated negatively with
achievement
Copy notes from the board
Work on projects
Use calculators
Use computers
Begin homework in class
Check each other's homework
Discuss completed homework
Teacher uses overhead
Students use overhead
Teacher uses computer
New topic\teacher explains rules

Sig. (2-tailed)

Science Rasch score
.027
.012
.003
.155**
.024
.170**
.093**
.100**
.049**
.087**
.007

.129
.507
.881
.000
.184
.000
.000
.000
.007
.000
.698

-.058**
-.129**
-.126**
-.161**
-.105**
-.118**
-.005
-.019
-.201**
-.167**
-.011

.001
.000
.000
.000
.000
.000
.788
.316
.000
.000
.543

** significant at p = 0.01

In order to categorize these science activities, a principal components factor analysis
was performed with a varimax rotation to create new factors. The factor analysis
produced three overall factors. Factor 1 explained 13% of the total variance, Factor
2 explained 11.84% of the variance, while the third factor explained 11% of the
variance. A close examination of the activities that fall into Factor 1 revealed that
they could be separated into two broad categories, namely, use of technology
(computers, calculators, and overhead projectors), and homework (begin homework
in class, check each other's homework).

A similar examination of the seven activities that fall into Factor 2 included seven
activities that fall into two broad categories: use of the board by the student and/or
the teacher (copy notes from the board, teacher uses board, students use board),
paper and pencil activities and demonstrations (teacher shows how to do problems,
have a quiz or test).
Finally, Factor 3 activities could be separated into two broad categories: teaching
strategies (teacher gives homework, teacher checks homework, discussion of
completed homework, teacher gives demonstration, students do experiment in class,
work in pairs or small groups) and group interactive activities (work in pairs, do
experiments).

Table 2: Factor analysis results.
Factor
1
2
3
Technology,
Board and
Teaching straand homework paper activities tegies and interactive activities
Use computers
Students use overhead
Use calculators
Teacher uses computer
Check each other's homework
Begin homework in class
Teacher uses overhead
Work on projects
Copy notes from the board
Teacher uses board
Students use board
Teacher shows how to do problems
New topic\teacher explains rules
Teacher gives homework
Have a quiz or test
Students do experiment in class
Work in pairs or small groups
Teacher gives demonstration
Teacher checks homework
Solve with everyday things
Work from worksheets on their own
Discuss completed homework

0.749
0.677
0.666
0.665
0.418
0.393
0.363
0.327
0.121
-0.196
0.137
0.098
0.064
-0.223
0.152
0.305
0.252
-0.177
-0.015
0.085
0.162
0.103

0.014
-0.030
0.072
-0.054
0.221
0.330
-0.027
0.324
0.714
0.665
0.547
0.505
-0.466
0.411
0.289
-0.046
-0.012
0.195
0.356
0.109
0.274
0.321

-0.016
0.085
0.020
0.048
0.188
0.057
0.247
0.235
-0.110
0.069
0.165
0.270
-0.280
0.407
0.287
0.588
0.586
0.529
0.521
0.505
0.429
0.363

After the factors were identified, student scores for each factor were calculated and
saved in the dataset. Student scores on these factors were then correlated with their
science achievement. The results of these correlations are presented in Table 3. All
three factors were significantly correlated with the science achievement of the
students. However, Factors 1 and 2 were negatively correlated, while Factor 3 was
positively correlated with the student's science achievement. However, the
correlation of Factor 2 with science achievement was quite small in magnitude
(r = -0.05, p = 0.012) although it was significant.

Table 3: Correlations of factors with Rasch science scores

Rasch science score
Factor 1. Technology and Homework
Factor 2. Board and paper activities
Factor 3. Teaching strategies and
interactive activities

Pearson Correlation
1
-.225
-.053
.185

Sig. (2-tailed)
–
.000
.012
.000

DISCUSSION
Findings from this study demonstrated that when students use technology
(computers, calculators, and overhead projectors), begin homework in class, check
their classmates' homework, and interrupt their teacher, their achievement in
science is negatively affected. It is surprising that the use of technology had a
negative effect on Cypriot students' achievement. Earlier studies in science education
have reported that the use of technology, and especially the use of computers, is
highly and positively correlated to science achievement (Zacharia & Anderson, 2003;
Beichner et al., 1999; Goldberg, 1997; Van Heuvelen, 1997; Eylon, Ronen, & Ganiel,
1996; Grayson & McDermott, 1996). One possible explanation for this surprising
result is that teachers in Cyprus are not adequately trained to be able to use such
technology. Researchers have argued that when teachers are not well trained to use
science-related learning/teaching tools, they are reluctant to put in the time and
effort to use them (Hounshell & Hill, 1989). The findings of this study, in
conjunction with a number of other studies in recent years, suggest that student
learning would be enhanced by teachers who are more knowledgeable in their field
and are skillful at teaching it to others. Substantial evidence from prior reform
efforts indicates that changes in course taking, curriculum content, testing, or
textbooks make little difference if teachers do not know how to use these tools well
and are unable to diagnose their students' learning needs (Darling-Hammond, 1997).
Other findings in this study that had a negative effect on achievement (begin
homework in class, check their classmates' homework) comply with results from
previous research work (Brookhart, 1997). It has been found that any homework

assignment that is not well designed (structured guidelines, time for students to
study her/his homework, hands-on projects and cooperative learning are important
parameters that should be considered when homework is designed) and not
interactive in terms of levels of family and teacher involvement, negatively affects
not only students' achievement but also students' cognitive and attitudinal domain
(Farrow, Tymms & Henderson, 1999; House 2000; Van Voorhis 2001). According to
Van Voorhis (2001) any diversion from this model, such as the ones found in this
study (begin homework in class, check their classmates' homework), should be
avoided in order to eliminate any possible negative impact on students' achievement.
Two additional findings emerged from this investigation. First, it is obvious that
working on projects and approaching them based on everyday experience, has a
significantly positive effect on achievement. According to the National Research
Council (1996), relating science to everyday activities creates a learning environment
where students are motivated and actively engaged because as teaching progresses
toward increasingly familiar ideas, students' experiences relevant to what is to be
learned increase significantly. Posner et al. (1982) point out that students hold strong
opinions about how the world operates because their conceptual knowledge has been
constructed over many years of experience in the everyday world. Thus, a
meaningful learning experience requires science instruction that embraces students'
worldviews in a way that promotes assimilation of the scientifically accurate
conceptions (American Association for the Advancement of Science, 1993; Haladyna,
Olsen, & Shaughnessy, 1982, 1983; Myers & Fouts, 1992; Roth & Lucas 199; Simpson
& Oliver, 1990).
Another major finding of this study was that specific teaching strategies can affect
the students' achievement in science. Specifically, it was found that when a teacher
assigns homework, checks students' homework, and uses demonstrations, students'
achievement is positively affected. This finding complies with the work of Stefanich
and Kelsey (1989) and Hewson, Kerby, and Cook (1995), who have found that
teachers' practices and strategies were shown to have a strong influence on students'
science achievement and learning. Arguably, the efforts of the science education
community should focus on research issues related to the development of effective
teaching strategies because of their strong link to classroom activities.

CONCLUSIONS AND IMPLICATIONS
Several implications may be drawn from this study. The most important, though, is
that some of our findings contradict the results of previous research studies. This is
an indication that teaching methods and strategies that work well in experimental
research settings might not always work well in practice. It is also possible that
teaching strategies employed in one culture might not work as well in other cultures;
this is something that deserves further investigation. A cross-cultural comparison of
science achievement in conjunction with effective teaching strategies would be
valuable both for researchers and practitioners.
Most importantly though, it is likely that many teachers in Cyprus are not adequately
prepared to use such teaching methods appropriately in order for their students to

profit from them. One way to overcome this problem is to understand that there is
a need to target science educators to detect possible sources of ineffective practices
and thus to enhance teaching behaviors (Tobin, Tippins, & Gallard, 1994). Therefore,
such results might also indicate the need for continuous teacher training,
accountability and professional development in the educational system in Cyprus.
Many studies show that professional development that enhances teachers' subject
matter knowledge and expands their range of teaching practices are likely to
enhance student achievement. For example, Monk (1994) has found that additional
coursework in specific areas (e.g., number and types of science courses) has a
positive effect on student learning. In addition, advanced coursework in science
(e.g., graduate courses) as well as high teacher achievement in those courses have
been related to improved student achievement. Thus, professional development for
Cypriot teachers should provide opportunities so that teachers have experiences to
test, discuss, and analyze new teaching strategies. Professional development not only
improves teachers' knowledge but also positively influences their attitudes towards
science. It is expected that teachers equipped with expanded content knowledge,
positive attitudes toward science, models of technology integration, and effective
teaching strategies will make significant impacts in Cypriot classrooms and on
students' learning.
However, it should be emphasized that this study can only be considered as the first
step in a series of future studies that should examine these relationships more
specifically and in depth. This current study is purely exploratory in nature, so it has
only descriptively identified the types of teaching methods and activities that work
and do not work well in relation to science achievement in Cyprus. In order to reach
conclusive results, each of these activities must be examined closely in practice to
determine the specific reasons that have contributed to the directions and
magnitudes of these relationships. For this purpose, a future study that combines
qualitative and quantitative methodologies could be useful in investigating this issue.
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