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Abstract

The objective of this study was to examine students’ attitudes toward learning science in three “low performing”
secondary school in Penang, Malaysia. 214 students from these schools were involved in completing a
questionnaire containing items consisting of six constructs. Data collected were analyzed using Rasch modeling.
Students in low performing schools tended to have less positive self-concept of science and were unlikely to
experience that learning science were related to their future careers. However, students believed that science is
useful for society, and experienced that learning science was interesting. Implications for science educators
based on these results are discussed.
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Introduction

Students’ attitudes toward science have become a major concern of science education researchers in order to
increase interest, performance, and student retention in science. Studies in the science educational literature
emphasize that the development of a positive attitude towards science should be an important goal for the school
curriculum.

Science educators have been struggling with defining science attitudes and differentiating among attitudes,
beliefs, and values (Moore and Foy, 1997). The concept of 'attitude' is defined widely as used in the science
education literature. Oliver and Simpson (1988) has defined 'attitude' simply as the degree to which a student
likes science. Salta and Tzougraki (2004) have summarized that attitude is a tendency to think, feel or act
positively or negatively toward objects in our environment, and can be viewed as having three main components:

1. cognitive component - is a set of beliefs about the attributes of the attitudes and its assessment can be
performed using paper-and-pencil tests (questionnaires);

2. affective component - includes feelings about objects and its assessment can be performed using psychological
indices:

3. behavioral component - pertains to the way people act toward objects and its assessment can be performed by
directly observing behaviors.

Osborne, Simon, and Collins (2003) have identified many influences on attitude: gender, structural variable (e.g.
socio-economic class), classroom/teacher, and curriculum. The similar result of analysis examined by Zacharia
and Barton (2004) also showed that school, particularly classroom, variables such as how well students like their
teachers, the science curricula, or the science classroom climate have been found to be key influences on
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attitudes toward science, with the strongest school-related correlation being that of how well students like or get
along with their science teacher. Haladyna and Shaughnessy (as cited in Zacharia and Barton, 2004) put forward
that students’ attitudes toward science are determined by three independent constructs: teacher, student, and
learning environment.

Regarding the relation of attitudes with other aspects in teaching and learning science, Siegel and Ranney (2003)
explored the findings from researches. These findings showed that for example; attitudes affect students’
persistence and performance, modest positive correlations between science attitude and science achievement,
activity-based and issue oriented science instruction enhance positive attitudes toward science (Siegel and
Ranney, 2003). Trumper (2006) also found that the quality of teaching of school science is a significant
determinant of attitude towards school science.

One important outcome of the attitudes research has demonstrated the correlation between attitudes toward
science and student achievement in science and future access to science experiences. Cannon and Simpson (1985)
argue that changes in student achievement motivation were similar to changes in science attitude. They found
that science self-concept at the tenth-grade level is a good predictor of both number and type of science courses a
student will take during high school. In particular, students with lower attitudes do not appear to pursue
additional courses in science (Simpson and Oliver, 1990). Whereas in Zacharia’s and Barton’s (2004) study,
students’ attitudes, both at the middle- and high-school level, appear to be affected by the their interest levels in
science, their abilities in school science, the curriculum and the learning climate, their access to extracurricular
science experiences, their family, teachers, their own self-concept, and their peer group. However, in term of
influence factor affecting students’ attitudes is not clear which are the major nor is it clear to what extent various
researchers agree (Young, 1998).

Attitudes in science are seen as a construct and are understood as the relation of a student to physical matters.
Even though there is a range of aspects in researching the students’ attitudes in science, this study focused on
construct developed by Barmby, Kind, & Jones (2008). They developed six attitude constructs. These constructs
are as follows:

1. Learning science in school.

2. Practical work in science.

3. Science outside of school.

4. Importance of science.

5. Self-concept in science.

6. Future participation in science.

Whereas, combined interest in science consists of the construct of learning science in school, future participation
in science, and science outside of school.

Methodology
Sample

The objective of this study was to find out students’ attitudes toward learning science in three “low performing”
secondary schools. Altogether, 214 students from Form 2 and Form 4 were involved in this study.

Data Collection

A questionnaire used in this study was the attitudes in science questionnaire developed by Barmby, Kind, &
Jones (2008). This questionnaire was designed to evaluate students’ attitudes towards science. The questionnaire
consisted of 37 items separated into seven constructs representing the overall students’ attitudes towards learning
science. These six constructs were learning science in school (item 1- 6; 0=0.89), self-concept in science (item
7-13; 0=0.85), practical work in science (item 14-21; 0=0.85), science outside of school (item 22-27; a=0.88),
future participation in science (item 28-32; 0=0.86), importance of science (item 33-37; 0=0.77), and combined
interest in science (0=0.93). The combined interest in science consists of the construct of learning science in
school, future participation in science and science outside of school.

As this instrument had not been used in Malaysia before, the questionnaire was first translated into the Malay
language. The translation had been validated. The translated instrument was piloted involving students from one
school in Penang. The Cronbach alpha coefficients of each construct are above 0.7 and 0.94 for the overall items,
indicating that the data questionnaire is acceptable. The students’ responses were categorized using Likert scale.
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The extreme categories in the Likert scale are labeled ‘‘strongly disagree’’ (coded 1) and ‘‘strongly agree’’
(coded 4).

These instruments were administered in the presence of science teacher in respective schools who would provide
assistance if the students encountered any difficulty. Overall, the administration of the questionnaires proceeded
smoothly; all students had sufficient time to complete the questionnaire, and very few students had any queries
about the items. In this paper, we draw on the data obtained from the questionnaire, in order to examine students’
attitude toward learning science in three low performing schools in Penang.

Data analysis

Boone and Scantlebury (2006) identified that in recent years the Rasch model has been implemented in
analyzing large-scale assessment projects in many areas. In educational research, the Rasch model provides
valuable data for the development, modification, and monitoring of valid measurement instruments.

In this paper, the Rasch model was used to examine students’ attitude toward learning science in three low
performing schools in Penang. The Rasch model transforms raw item difficulties and raw person scores to equal
interval measures of logits on a line in a “meter stick”. The idea of a line helps us to determine item positions by
considering each item relative to the items already positioned on the line. This determination can be done by
comparing pairs of items with respect to their relative difficulties along the line. The strength of placing logits
scale on a meter stick is in providing equal and standard interval data. The way in which data are displayed in the
meter stick, will insure that data collected from a meter stick produced are one place combined with data
collected with a meter stick produced at a different location. Once the variable is constructed by the line of items,
the positions of students can be produced on this same line. Their probable positions can be specified initially by
a best guess as to their ability to correctly answer the items which define the variable. The line of variable shows
both the positions of items and the positions of students. Eventually, the positions of students will become more
explicit and more empirical by observing what items they correctly answer. This is particularly important on
monitoring the students’ attitudes. If raw scores to equal interval measures, the result of analysis may provide
incomplete information (Boone & Scantlebury, 2006). Thus, this data conversion is important in order to provide
a good quality measurement.

The equal interval measures transformed by Rash model are used to map persons and items onto a linear
(interval) scale. Such mapping (called person—item maps) produces useful tools for evaluating students’ attitudes
and also can be used to evaluate the instrument’s effectiveness. The person—item maps of students’ attitudes
towards learning science provided ways for evaluating and interpreting the data. Items order in person—item
maps illustrates the level of items difficulties. This means that items which more difficult to agree with or items
which easier to agree with can be identified.

The Rasch model explains how the students’ attitudes towards learning science can predict student’s response on
a particular test item involving attitudes. Students at the same logits value as an item have a 50% chance of
correctly answering that item. Items above their ability level can still be answered correctly, but students have
less than a 50% chance of correctly answering the item. Items listed below a student are those that the student
has less than a 50% chance of correctly answering. Consequently, the higher position of the item on the single
line means that the item is more difficult to agree with. Conversely, the lower position of the item on the single
line means that the item is easier to agree with.

Prior to analyzing the students’ attitudes towards learning science, overall collected data were diagnosed in order
to provide a precise and productive measurement. This process is similar to the process of calibrating an
instrument. This was done by analyzing the relevant data according to a relevantly parameterized unidimensional
measurement model implementing the essential requirements of measurement- a Rasch model. The responses of
214 students to the 37 items of attitudes towards learning science were analyzed using Winsteps (Racsh-Model
Computer program). In order the items can be used in the Rasch model, the items infit mean square and outfit
mean square should be distributed between 0.7 and 1.4, and the item point measure correlation should be greater
than 0.3. Using this criteria, there are 9 items out of 37 items (item3, item6, item7, item§, item12, item21,
item27, and item36) has been discarded from the Rasch analysis.

Finding and discussion

After diagnosing data, the raw data (214 students and 27 items) were transformed using Rasch analysis to order
students along the continuum of the measure of attitude towards learning. Table 1 show the items statistics. The
difficulty of items is distributed from -1.14 Logit and 1.41 Logit. The infit mean squares of the items are
between 0.76 and 1.17, whereas the outfit mean squares are between 0.75 and 1.40. The items point measure
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correlations are distributed from 0.41 and 0.73. By looking at the result of Principle Components Analysis,
52.7% of the variance in the data is explained by the measures. This data fit the Rasch model perfectly with
52.7% would be explained. These percentages are same, indicating that the estimation of Rasch measures has
been successful.

The distributions of students (n = 214) according to attitude and of items (n = 29) according to difficulty are
shown in Figure 1. On the left-hand side of Figure 1, the distribution of Students is represented. Items located
below a participant are items that the students were likely to agree to. Items located above are items that the
students were unlikely to agree to. The mean of Rasch score for students attitudes was 0.38 Logits (SD = 1.1).
By looking at which items are located above and below this point, we can understand the student’s average level
of attitudes. Whereas, the mean of Rasch score for items was 0.0 Logits (SD=0.63). Looking at the mean of
Rasch score on persons and items and their respective standard errors, students’ attitude score is compatible with
items difficulty score. It means that for this sample of students, their attitude towards science could not be
justified whether or not they tend to have a more positive attitude. However, the items distribution on the map
has valuable information of students existing attitude. Figure 1 displays an item—person map in which students
are placed relative to the hierarchy of items. On the right side, items are listed in order of difficulty, with the
hardest item to agree to at the top (item31) and the easiest item to agree to at the bottom (item33).

Figure 2 shows the difficulty in every construct of attitude towards science. As this study was conducted in low
performing secondary schools, it was reasonable that students were unlikely to agree to the items of self-concept
in science (0.73 Logits), for example students were most unlikely to agree to the item9 “I get good marks in
Science” (0.63 Logits). This student’ less positive attitude towards self-concept in science leads to the less
positive attitudes towards their future participation in science. The students were unlikely interested to further
participate in the area of expertise related to science. This is indicated by high mean of difficulty of the attitudes
construct on future participation in science (0,35 Logits). As shown in Figure 1, for example, becoming a science
teacher (item31; 1.41 Logits) was the related science activity in the future that they were unlikely involve in.

Even though students have less positive self-concept in science, their attitude towards the importance of science
in their society is more positive (-0.95 Logit). Students believed that science play an important role in society.
For example, students were most likely to agree to the item33 “Science and technology is important for society”
(-1.14 Logits). They observed that science was likely making people live in more easy and more comfortable
ways (item34; -1.00 Logits). They were also likely found many exciting phenomenon in science and technology
(item37; -0.99 Logits). This finding shows that students appreciate the contribution of science and technology in
society, even though they have weaknesses to do science.

The student’s attitudes in “learning science in school” construct (-0.16 Logits) was observed higher that the
average of the overall items (0.00 Logits). Students found that they learned interesting things in their science
lesson (item 1; 1.06 Logits). This shows that at least the students want to do more science in their school (item4;
0.23 Logits). However, students were unlikely to agree that they would look forwards to their science lesson
(item2; 0.07 Logits) and they tended to like other subject better than science in their school (see item5; 0.59
Logits).

This finding shows that learning of interesting things in science lesson did not directly influence student’s
interest in science. The Rasch measure of “combined interest” construct (0.11 Logits) validates this preposition.
The student’s positive attitude in certain aspect of learning science in school, practical work in science (-0.08
Logits) and the important of science (-0.95) provide good conditions to develop their interests in learning
science. However, their overall attitudes need to be improved. Efforts should be given in order to make them
appreciate more on science outside of school in their learning. In order this to happen, science teachers need, for
example, to integrate more science activities outside of school.

Conclusion

This study has examined students’ from “low performing” secondary schools attitudes toward science in the
constructs of practical work of science, science outside of school, future participation in science. This finding
revealed that students experienced that science is useful for society and learning science was interesting.
Students in low performing schools tend to have a less positive attitude in their self-concept in science and were
unlikely to experience that learning science were related to their future careers. The students overall attitudes
need to be improved, especially in developing students’ self concept in science and increasing their awareness of
their participation in science in the future, even though their future careers might be not directly related to
science. This findings show similar problems that Basu and Burton (2007) has identified in order to develop
students’ interest in science. Learning science should focus more on activities that support students’ culture and
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experiences in order to perform their idea. By doing this, students feel that their ideas are important and valued.
This will uplift their self-concept in science. Moreover, students’ experiences in learning science should have
connection with their expectation of their future. In order this to happen, teachers need to consider that learning
science needs to have more emphasis on making connection between science and students’ life. Implementing
instructional congruence in the teaching of science proposed by Gonzalez and Moll (2002), in which students’
culture and experiences are appreciated; seem relevant to be considered in developing students’ attitudes in
science.
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Table 1. Item Statistics of Attitudes Questionnaire

. Difficult Error Infit Mean Outfit Mean Point Measure
Attitudes Item . . .
Estimates Estimate Square Square Correlation
item31 1.41 0.10 1.37 1.31 0.41
item11 0.89 0.10 0.90 0.93 0.56
item10 0.79 0.10 0.80 0.85 0.57
item32 0.79 0.10 1.25 1.23 0.54
item9 0.63 0.10 0.92 1.01 0.54
item22 0.61 0.10 0.94 0.94 0.59
item5 0.59 0.10 0.84 0.85 0.56
item13 0.59 0.10 1.00 1.14 0.48
item26 0.47 0.10 0.78 0.77 0.64
item17 0.36 0.10 1.14 1.15 0.47
item15 0.18 0.10 1.27 1.31 0.43
item?2 0.07 0.10 0.77 0.80 0.59
item18 0.05 0.10 0.81 0.82 0.63
item20 0.00 0.10 0.95 0.94 0.60
item30 -0.02 0.10 1.03 1.01 0.65
item25 -0.03 0.10 1.15 1.13 0.62
item23 -0.16 0.10 1.16 1.14 0.62
item28 -0.17 0.10 0.84 0.81 0.73
item4 -0.23 0.10 0.79 0.81 0.65
item29 -0.24 0.10 1.03 1.00 0.71
item19 -0.30 0.10 0.76 0.75 0.67
item14 -0.39 0.10 0.95 0.95 0.62
item16 -0.45 0.10 1.04 1.10 0.54
item24 -0.55 0.10 1.34 1.40 0.51
item35 -0.67 0.10 1.02 1.03 0.61
item37 -0.99 0.11 1.03 0.98 0.63
item34 -1.00 0.11 1.17 1.09 0.63
item1 -1.06 0.11 0.89 0.88 0.60
item33 -1.14 0.11 1.01 0.93 0.65
MEAN 0.00 0.10 1.00 1.00
S.D. 0.63 0.00 0.17 0.17
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More positive Attitude Items more difficult to agree with
|
4 +
| . B
I item31: | would like to become a science teacher
|
: item11: Science is one of my best subjects.
| item10: 1 learn Science quickly.
3 + item32: I would like to become a scientist.
|
: T: item9 : 1 get good marks in Science.
o item22: I would like to join a science club.
o item 5 : 1 like Science better than most other subjects at school.
N item13: In my Science class, I understand everything.
2 +
SR ) . )
4| item26: | like reading science magazines and books.
CEEEE item17: I like practical work in science because I can decide what to do myself.
CHEE s
# T
“n: | iteml5: I like science practical work because you don’t know what will happen
1 Riiil +
ChEdEs | -
#:ﬁ:i: : item2 : 1 look forward to my science lessons.
CREEEEE M| - item18: I would like more practical work in my science lessons.
CEE item20: I look forward to doing science practicals.
RFERHEHEE | - item30: 1 would like to have a job working with science.
0 “:i: M item25: 1 would like to do more science activities outside school.
REIT | -
FhEREE | \_) _ o
LBBEREE | - item23: [ like watching science programmes on TV.
CHEE |8 item28: | would like to studv more science in the future.
#had 81 -
q i Jlr B item4 : [ would like to do more science at school.
i | - item29: I would like to study science at university.
T item19: We learn science better when we do practical work.
-
# | . . N . .
o item14: Practical work in science is exciting.
. T item16: Practical work in science is good because | can work with my friends.
-2 +
A
| item24: 1 like to visit science museums
|
| . - — . .
I item35: The benefits of science are greater than the harmful effects.
|
=3 +
| item37: There are many exciting things happening in science and technology.
I item34: Science and technology makes our lives easier and more comfortable.
: item! : We learn interesting things in science lessons
|
» J'r item33: Science and technology is important for society.
|
Less positive Attitude Items easier to agree with

Figurel. Form 4 and Form 2 Students measured with the Attitudes Questionnaire and questionnaire items displayed
on the same logit scale. Students are represented by the “#” and “.” sign. "M" marker represents the location of the
mean measure. "S" markers are placed one sample standard deviation away from the mean. "T" markers are placed two
sample standard deviations away.
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Figure 2 . Scale of Attitude constructs
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