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In this study, we describe the development of measures used to examine pupils’ attitudes towards
science. In particular, separate measures for attitudes towards the following areas were developed:
learning science in school, practical work in science, science outside of school, importance of
science, self-concept in science, and future participation in science. In developing these measures,
criticisms of previous attitude studies in science education were noted. In particular, care was
taken over the definition of each of the attitude constructs, and also ensuring that each of the
constructs was unidimensional. Following an initial piloting process, pupils aged 11-14 from five
secondary schools throughout England completed questionnaires containing the attitude
measures. These questionnaires were completed twice by pupils in these schools, with a gap of four
weeks between the first and second measurements. Altogether, 932 pupils completed the first
questionnaire and 668 pupils completed the second one. Factor analysis carried out on the result-
ing data confirmed the unidimensionality of the separate attitude constructs. Also, it was found
that three of the constructs—learning science in school, science outside of school, and future
participation in science—loaded on one general attitude towards science factor. Further analysis
showed that all the measures showed high internal reliability (Cronbach’s o > 0.7). A particular
strength of the approach used in this study was that it allowed for attitude measures to be built up
step-by-step, therefore allowing for the future consideration of other relevant constructs.

Introduction

Osborne, Simon, and Collins (2003) characterised students’ attitudes towards
studying science as an “urgent agenda for research”. The main problem is a well-
documented gap between needs and reality for the discipline of science. The needs
relate to society having a greater requirement than ever for highly educated people in
science to meet economic, environmental, and technological challenges. The reality
is a falling number of students choosing to pursue the study of science. This problem
is a worry for governments all over the world and questions have been raised about
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what can be done to increase students’ interest in science (e.g., the consideration of
the situation for physics in the European Union; Coughlan, 2000). Another prob-
lem, which is perhaps more relevant for science teachers on an everyday basis, is the
relationship between attitudes and learning (Schibeci, 1984). Learning clearly has an
affective component and developing positive attitudes is important for students’
achievement.

Working with these problems requires a wide range of research. The contribution
from the present study is the development of an instrument for measuring students’
attitudes towards science. Several such instruments exist already (see, for example,
the references given in the discussion), but with two serious constraints. First of all,
as Osborne et al. (2003) have pointed out, the concept of attitudes is often poorly
articulated and not well understood. Secondly, as has been a main concern for
Munby (1982, 1997) and Gardner (1975, 1995, 1996), attitude measures often
have poor psychometric quality. The problem, it seems, results from a tradition for
measuring that is rather “pragmatic”, not taking into account the difficulty of under-
standing a complicated psychological construct. Science educators often develop
measures for a different purpose than for exploring the constructs themselves, and
validation of the test often becomes a subordinate matter. We discuss each of these
problems in more detail below.

Defining Attitudes towards Science

A problem that has been raised by those studying attitudes towards science (e.g.,
Francis & Greer, 1999; Germann, 1988; Osborne et al., 2003) is the definition of
attitude itself. There seems to be many concepts that relate to attitudes that may or
may not be included in their definition; for example, feelings, motivation, enjoyment,
affects, self-esteem, and so forth. A common definition has involved describing
attitudes as including the three components of cognition, affect, and behaviour (e.g.,
Bagozzi & Burnkrant, 1979; McGuire, 1985; Rajecki, 1990). Reid (2006, p. 4)
provides a clear definition of these components:

(1) a knowledge about the object, the beliefs, ideas component (Cognitive);
(2) afeeling about the object, like or dislike component (Affective); and
(3) atendency-towards-action, the objective component (Behavioural).

In many ways, this seems a sensible view of attitudes because these components are
so closely linked together. For example, we know about science and therefore have a
feeling or an opinion about it that may cause us to take some actions.

Other researchers have suggested that the three components should be treated
more independently, and that attitudes should be viewed in a narrower way, as the
basis for “evaluative judgements” (Ajzen, 2001; Crano & Prislin, 2006). When we
have an attitude, we judge something along emotional dimensions, such as good or
bad, harmful or beneficial, pleasant or unpleasant, important or unimportant. It is
important to notice that these evaluative judgements are always towards something,
often called the artitude object (Crano & Prislin, 2006).
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This narrower conceptualisation can be used to clarify the definition of attitude.
For example, asking about someone’s attitude towards an object is, in principle, to
ask how they judge the object. This definition makes clear that we are looking for
something different from general affects, such as moods (e.g., being sad or happy)
and emotions (e.g., fear and anger) (Ajzen, 2001). It also makes clear the distinction
between attitude and behaviour. It is perhaps more difficult to separate the other
affective and cognitive concepts. Although some researchers have defined attitude
solely in terms the affective component (George, 2000; Germann, 1988), Fishbein
and Ajzen (1975) viewed attitudes as being formed spontaneously and inevitably as
individuals form beliefs about the attributes of an object. Attitudes, or the affective
component of attitudes, are therefore linked to these beliefs that a person holds.
Therefore, the definition for attitude that we use for this study is that it is the feelings
that a person has about an object, based on their beliefs about that object.

Following this definition of attitudes, we can view an attitude towards science
measure as a way of mapping students’ cognitive and emotional opinions about vari-
ous aspects of science. A necessary starting point is then to identify what objects we
are focusing on. Commonly, distinctions are made between science at school, “real”
science, and science in society. Each of these may be split into more detailed objects,
which again may be characterised with a range of attributes. For example, school
science includes sub-objects such as the science teacher, the science classroom, and
the science content. Each of these objects has attributes that may be judged along
various dimensions. The science teacher, for example, may be characterised by ways
of teaching or ways of relating to children and these may be something the students
think of as good or bad, pleasant or unpleasant, interesting or uninteresting. Attitude
theory (Ajzen 2001; Crano & Prislin, 2006) claims that attitudes about an object may
be added up, based on attitudes towards the various attributes. In measuring attitudes,
therefore, we need to decide on what “level” we are operating at. Is it meaningful for
us to make one attitude scale towards science, or should this be broken down to several
subscales? An answer to this must be based not only on our own understanding and
conceptualisation of science, but also on pupil data; that is, how the concepts associ-
ated with attitudes towards science are organised in the pupils’ mind.

Attitude Measures and their Problems
Types of Attitude Measures

Osborne et al. (2003) and Gardner (1975) reviewed the numerous approaches to the
measurement of attitudes, listing the following five main methods:

o Preference ranking: This is an easy-to-use method where students simply rank their
liking of school subjects. It is effective for answering the question “How popular is
science compared to other subjects?”, but, as it is a relative scale, it is unsuitable
for measuring attitude change.

o Artitude scales: This is probably the most common method of measuring attitudes
and occurs in a variety of forms. Differential (Thurstone-type) scales involve
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students choosing statements on a continuum that best reflect their attitudes.
Semantic differential scales require students to rate a particular object (e.g.,
science lessons) according to a number of bipolar adjectives (e.g., good/bad, inter-
esting/dull). More commonly, summated rating scales are used that consist of
Likert scale items. Students respond to a number of statements that relate to the
same construct (usually choosing from a five-point score such as strongly agree,
agree, neither agree nor disagree, disagree, strongly disagree). The use of more than
one response for the same construct greatly increases the reliability of the
summated rating scores. However, there are many potential weaknesses with
attitude scales that are discussed later in this paper.

o Interest inventories: This method requires students to choose the items that they are
interested in from a list. Osborne et al. (2003 p. 1058) commented that “such
inventories are generally restricted to their specific focus, yielding only a limited
view of what may or may not be formative on attitudes to science”.

o Subject enrolment. This method involves the collection of data on enrolment in
various subjects. Both Osborne et al. (2003) and Gardner (1975) comment on
the limitations of this method as a measure of interest in science, as subject choice
can be influenced by a number of other factors including gender identity and
economic factors.

o Qualitative methods: Although limited in number, a few studies explore attitudes
using student interviews and focus group interviews. What these methods lack in
the ability to generalise the findings, they make up for in the richness of under-
standing that they offer.

In the present study, we developed and used attitude scales to measure pupils’
attitudes towards science. As mentioned earlier, a major justification for using an
attitude scale is the use of more than one question to measure the same construct to
greatly increase reliability (Gardner, 1996). In addition, such scales are relatively
simple to use, in terms of using them in questionnaires and distributing them to
respondents. Many attitude scales have been used in the past for research on science
education, and we discuss at the end of the paper whether some of these existing
measures would have been suitable for our use.

Attitude Scales in Science Education: A critique

Although there are advantages to using attitude scales to examine attitudes towards
science, various studies have identified problems and weaknesses with many existing
attitude measurements (e.g., Bennett, 2001; Francis & Greer, 1999; Gardner, 1996;
Germann, 1988; Munby, 1997; Osborne et al., 2003; Reid, 2006). Firstly, there has
been a lack of clarity over the past 30 years about what is actually being measured
when we measure attitude towards science (Osborne et al., 2003). As discussed in the
previous section, there is lack of clarity over the term artitude. The term science is a
little less problematic but there is still a need to define whether we are looking at, for
example, students’ attitudes towards science in schools, students’ attitudes towards
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science outside school, or students’ attitudes towards scientists, all of which may vary
considerably (Ramsden, 1998).

The lack of clarity and definition of what is being measured is therefore likely to
lead to problems. When there is no clear definition of the underlying construct that
is being measured, it is likely that disparate items may be put together in the attitude
scale. They may display a common theme (e.g., attitudes towards science) but not a
common construct (e.g., someone’s attitude towards science in school may be very
different to their attitude towards scientists outside school; Gardner, 1996). It would
therefore be incorrect to include items from different constructs in the same scale;
however, Gardner cites cases where this has indeed been done. Similarly, Gardner
also cites cases where researchers have clearly defined individual constructs but have
added the scores from the individual constructs together, “breaking a fundamental
principle of psychometrics... people with the same score on a scale ought to be
psychologically similar to each other” (Gardner, 1996, p. 916). A neutral score from
two combined constructs could be produced from a positive score on one and a
negative score on the other, or a neutral score on both. The lack of clarity and defini-
tion of constructs may also lead to a lack of consistency between the many instru-
ments that exist to measure attitudes towards science, making comparison between
studies impossible (Bennett, 2001; Germann, 1988).

A related criticism that is highlighted in the literature (Bennett, 2001; Gardner,
1975, 1995; Germann, 1988; Munby, 1983; Osborne et al., 2003; Schibeci, 1984) is
that attitude measures can in fact be of poor psychometric quality. In order to
demonstrate this quality, an instrument needs to be statistically inzernally consistent
and wunmidimensional. Many studies fail to provide evidence of these psychometric
traits or wrongly assume that internal consistency implies unidimensionality (Gard-
ner, 1995). Cronbach’s o is commonly used as a measure of internal consistency. By
definition, the items in a unidimensional scale all measure the same construct so it
follows that they will be internally consistent. However, it does not follow that inter-
nally consistent scales are unidimensional, as they may consist of more than one
factor. It is therefore important to use a technique such as factor analysis to confirm
the unidimensionality of a scale.

Failure to properly address construct validity (the extent to which a scale repre-
sents what it claims to represent) is also a threat to good psychometric quality and
there is a danger of ignoring validity in light of support from high consistency or reli-
ability. There are no set techniques to follow in order to demonstrate validity, but
rather it is a case of amassing evidence from a selection of available techniques
(Henerson, Lyons Morris, & Taylor Fitz-Gibbon, 1987; Munby, 1997). Munby
takes this further by stressing the importance of including psychometric evidence of
validity in addition to non-psychometric evidence. There appears to be some lack of
consensus over the ways in which we might demonstrate good validity. A common
method employed is the panel method, where a panel of judges judge the validity of
each item. Munby (1983, 1997), however, questions the assumption held in this
technique that the meaning of the items for the judges is the same as it is for the
respondents. Osborne et al. (2003), Oppenheim (1992) and Bennett (2001) suggest
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that validity can be obtained by deriving items from students’ answers to free
response questions. Validity can also be demonstrated by asking staff who know the
students and/or the students themselves to comment on the results of an attitudinal
scale, to see whether they match their own opinions (Bennett, 2001). An alternative
method is to seek construct validity through theoretical foundation; that is, to use
relevant theory as a base for developing and evaluating the test.

Psychometric approaches to validity include the calculation of correlation coeffi-
cients in order to demonstrate convergent and divergent validity (i.e., theoretically
similar items should converge and theoretically dissimilar constructs and items
should be discriminating) (Henerson et al., 1987; Trochim, 2002). Similarly Munby
(1997) suggests using factor analysis to show that conceptually formed scales do in
fact match with empirically produced factors and that when a scale has been used in
more than one study, a repeated factor analysis on the new data can be used to
confirm validity. Concurrent validity can be demonstrated by confirming whether
the results of the scale in question correlate with a well-established scale that claims
to represent the same construct (Henerson et al., 1987), also giving additional
evidence of construct validity. If it is important that a scale predicts future behav-
iour, then it is also important to demonstrate predictive validity by demonstrating
that a scale that claims to predict a particular behaviour does in fact do that (e.g.,
does a scale that claims to measure future participation in science actually correlate
with reality in the future?).

Therefore, from the above critique, we can put forward the following guidelines
on how best to formulate an attitude measure:

o Clear descriptions need to be put forward for the constructs that one wishes to
measure.

o Care needs to be taken when separate constructs are combined to form one scale,
with justification that these constructs are closely related.

o Reliability of the measure needs to be demonstrated by confirming the internal
consistency of the construct (e.g., by use of Cronbach’s a) and by confirming
unidimensionality (e.g., by using factor analysis).

o Validity needs to be demonstrated by the use of more than one method, including
the use of psychometric techniques.

We will refer to these guidelines as we describe the development of attitudes to
science measures that we carried out in this study.

Developing Attitudes to Science Measures

The attitudes to science measures described in this paper were developed for a
study carried out on behalf of the Institute of Physics in the United Kingdom.
This study involved evaluating the impact of “Lab in a Lorry”, a mobile laboratory
that visited schools and used to demonstrate a series of experiments to pupils aged
11-14. The aim of this initiative was to encourage future participation of pupils in
the sciences.!
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As part of this study, the following areas of attitudes to science were focused upon
as being important: Learning science in school, Practical work in science, Science
outside of school, Importance of science, Self-concept in science, and Future partic-
ipation in science. In addition, attitude to school generally was included, in order to
find out how variations in the aforementioned science-related attitudes were related
to this more general attitude. All the attitude areas listed, with the exceptions of atti-
tude towards school, were chosen as areas that could possibly be affected by an
initiative such as Lab in a Lorry. As a result, other possible influences on attitude to
science were not included as part of this study; for example, the influence of teachers
as highlighted by Osborne et al. (2003).

At this point, as suggested by the earlier guidelines, let us be more specific about
what we meant by the above constructs. The first three constructs aimed to examine
pupils’ attitudes towards science learning activities in different contexts (in the class-
room, more specifically in practicals, and outside the classroom). It was believed
that each of these contexts represented meaningful “objects” that students were
likely to have formed beliefs about. The next construct aimed to examine pupils’
belief in the value of science in a wider social context. The last two constructs
differed somewhat from the others in that the pupil themselves were part of the atti-
tude-object. Self-concept is based on beliefs about one’s own ability to master school
science, which in turn is believed to form attitudes towards the subject. Future
participation is similarly regarded as the students’ attitude towards engaging more
with science in the future.

Having defined the areas of attitude to science to be included in our study, the next
step was to put together suitable measures for the above constructs. We adopted a
Likert-scale format, with each measure being made up of a series of statements relat-
ing to the above constructs. Respondents would be asked to state their level of agree-
ment to the statements by choosing one response from a number of alternatives. At
the pilot stage of the development of the attitude measures, a choice from the follow-
ing four responses was given for each statement: “Serongly agree”, “Agree”, “Disagree”,
and “Strongly disagree”. For the actual statements making up each measure, they were
made to capture various attributes of the attitude object and express different evalu-
ative dimensions. Having a limited set of meaningful (to the pupils) statements was
regarded as crucial. Some statements were therefore adopted from existing question-
naires that have been proven to work with pupils. These included some items from
the Relevance of Science Education questionnaire, the 2003 Programme for Interna-
tional Student Assessment (PISA) questionnaire, and items from the attitude to
science for 5-11 year olds developed by Pell and Jarvis (2001). All statements were
assessed by use of criteria suggested by Crocker and Algina (1986).

Following this formulation of the items for the attitude measures, we needed to
pilot the attitude measures to check the internal statistical reliability of the different
measures, and use factor analysis to check whether the measures themselves would
in fact be unidimensional—that the items that we had put together would actually
measure the same thing. Therefore, the constructed measures were put together into
a paper questionnaire, which in turn was given out to 44 Year 8 and Year 9 pupils
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(12—14 year olds) from the same secondary school in the North East of England.
Using the statistical package SPSS to carry out reliability calculations and factor
analysis on the data collected, items that reduced the internal reliability of attitude
measures or did not group together with other items were identified. These items
were either removed from the measures, or their wording was modified. In addition,
it was found during this trial that pupils sometimes tried to provide an answer
between “Agree” and “Disagree” (e.g., ticking both responses, or placing a tick
between the two responses). Therefore, following this trial, the possible responses
were extended to a five-point scale, including “Neither agree nor disagree” as the
middle response.

Analysing the Results from the Attitude to Science Measures

In describing the trialling of the attitude measures in the previous section, we did not
provide any details of the results of the reliability calculations and the factor analysis.
Rather, we will establish the reliability and unidimensionality of the measures in the
context of the larger study that was carried out following this initial trial.

This larger study was part of the evaluation of Lab in a Lorry, described in the
previous section. This involved measuring the attitudes of Year 7, Year 8 and Year
92 pupils in five different secondary schools, prior to the visit of L.ab in a Lorry to
their school. Three of these schools were located in the North East of England (but
different to the school used in the trialling of the measures), one school was located
in the South West of England, and one school was in the South East.

A paper questionnaire with the attitudes to science measures, modified as a result
of the trial, was given out to pupils in these schools.? This questionnaire was given
out twice to pupils: two weeks before the visit of Lab in a Lorry, and two weeks after.
Teachers were asked to give out questionnaires to both pupils who would visit the
lorry and to those that would not. Therefore, pre-measures and post-measures of
attitudes to science for two groups of pupils were obtained. Altogether, 932 pupils
completed the questionnaire for the pre-measure, and 668 pupils completed it for
the post-measure.

Prior to the analysis of the attitude data, all the responses were coded numerically.
Initially, the responses were coded as “Strongly agree” = 5, “Agree” = 4, “Neither
agree nor disagree” = 3, “Disagree” = 2, and “Strongly disagree” = 1. Subsequently,
prior to the reliability analysis of the data, the responses were reverse coded for nega-
tively phrased items.

Factor Analysis of the Attitude Measures: Pre-measure data

We began the analysis of the data obtained from this larger study by examining the
dimensions obtained from factor analysis of the data. First of all, we used principle
components factor analysis on all the data in order to extract the appropriate
number of factors. Eight factors were obtained with eigenvalues greater than 1.
However, Kline (1994) highlighted that this method of determining the number of
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Figure 1. Scree plot from the factor analysis of the pre-measure data

factors can overestimate the number of factors. An alternative approach to deter-
mine the appropriate number of factors is to examine the scree plot produced by the
analysis. The corresponding scree plot from the pre-measure data suggested an
extraction of something like four factors, although this was not so clear from the plot
(Figure 1).

Therefore, based on our theoretical starting point of seven areas of attitude, we
actually started with principle axis factoring using oblique Direct Oblimin rotation
on seven factors. These results, with loading less than 0.3 not being shown, are
presented in Table 1. The items making up the various attitude measures are given
in the left-hand column of the table. The items pertaining to each attitude construct
were grouped together in the original questionnaire, and the order of the items given
in Table 1 is in the same order that they appeared in the questionnaire. The ordering
of the attitude constructs in Table 1 is Learning science in school, Self-concept
in science, Practical work in science, Science outside of school, Future participation
in science, Importance of science, and General attitude towards school. The items in
Table 1 are separated out accordingly into these constructs.

In the seven-factor solution to the analysis, the extracted factors did indeed corre-
spond to the seven areas of attitudes to science that we introduced at the beginning
of the study. This provided some confirmation that we were dealing with distinct
areas of attitude, and each of these areas was unidimensional. However, one possible
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problem was with the item “Scientists have exciting jobs” from the Importance of
science group of statements, which did not load on any of the factors. It seemed
reasonable from the wording of the statement that this item was not actually about
importance of science. Therefore, this item was removed from our list of statements.

To provide further confirmation of the unidimensionality of each attitude measure,
principle components factor analysis was carried out on each group of statements sepa-
rately. In each case, only one factor was extracted. Once again, this provided confir-
mation that each set of attitude statements was measuring one attitude construct only.

As we identified earlier, however, the scree plot identified around four factors to
extract, rather than seven. Repeating the principle axis factoring with oblique Direct
Oblimin rotation on four factors, it was found that three areas of attitude—Learning
science in school, Science outside of school, and Future participation in science—
were placed in one factor. In addition, the group of statements pertaining to Impor-
tance of Science did not load on any of the four factors. The other three areas of
attitude were still identified as individual factors. These results for the four-factor
solution suggested that the three areas of attitude that were grouped together were in
fact closely correlated, and perhaps make up a more general attitude measure
pertaining to an interest in science. To confirm this, principle components factor
analysis was carried out on the data from these three areas of attitude only. The
scree plot obtained (Figure 2) did indeed suggest a single overall factor.

Scree Plot
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Eigenvalue

0 58 B—8—i)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

40

Component Number

Figure 2. Scree plot for factor analysis on of pre-measure data: three areas of attitude only
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Factor Analysis of the Attitude Measures: Post-measure data

To confirm the results obtained from the pre-measure data, factor analysis was also
carried out on the post-measure data. Principle components analysis of all the post-
measure data gave eight factors with eigenvalues greater than 1, and provided the
scree plot shown in Figure 3.

Once again, the plot suggested the extraction of four factors. However, we again
started with an extraction of seven factors. The results of principle axis factoring with
oblique Direct Oblimin rotation on these seven factors are presented in Table 2.

Although the seven-factor solution identified the seven theoretical constructs that
we started off with, the loadings on the Importance of Science factor were relatively
small. This indicated that this factor was not well defined as an individual construct.
The results also showed that, in this case, some of the Future participation in science
items loaded more on the Science outside school factor. Again, this might have indi-
cated that these two areas of attitude to science were quite closely related. Carrying
out principle components factor analysis on each of the attitude areas separately, we
once again found that only one factor was extracted in each case. This once again
confirmed that each of our theoretical constructs were unidimensional.

We now carried out principle axis factor analysis with oblique Direct Oblimin
rotation, this time with four factors. We found that similar results were obtained as

Scree Plot

16

Eigenvalue

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43
Component Number

Figure 3. Scree plot for factor analysis of post-measure data
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Scree Plot
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Figure 4. Scree plot for factor analysis on of post-measure data: three areas of attitude only

for the pre-measure data, with the three areas of attitude Learning science in school,
Science outside of school, and Future participation in science being placed in one
factor. Once again, principle components factor analysis was carried out on the data
from these three areas of attitude only. The scree plot obtained (Figure 4) did again
suggest a single overall factor incorporating these areas of attitude.

In addition, two of the Importance of Science statements loaded on this combined
factor, although one of these loadings was relatively weak at around 0.3. Therefore,
as for the pre-measure data, we considered the Importance of Science factor to be
separate to this combined attitude factor. The other three areas of attitude were
again identified as individual factors.

Therefore, from this part of the study concerning the factor analysis of the attitude
data, we drew the following conclusions:

o The statements of attitude in each of our seven constructs were each found to be
unidimensional in each case.

o Principle component factor analysis suggested that three of the factors—Iearning
science in school, Science outside of school, and Future participation in science—
combined to form a more general factor, which we called the Combined interest in
science factor.
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Table 3. Cronbach’s a reliability values for each attitude measure

Cronbach’s a

Measure Pre-measure Post-measure
Learning science in school (6 items) 0.89 0.92
Self-concept in science (7 items) 0.85 0.85
Practical work in science (8 items) 0.85 0.89
Science outside of school (6 items) 0.88 0.87
Future participation in science (5 items) 0.86 0.88
Importance of science (5 items) 0.77 0.72
General attitude towards school (8 items) 0.85 0.85
Combined interest in science (17 items) 0.93 0.94

Reliability Analysis of the Attitude Measures

Having established the unidimensionality of the various attitudes to science
measures, we next examined the internal reliability of these measures. Table 3
presents the Cronbach o values for each measure, both for the pre-measure and
post-measure data. Prior to carrying out the reliability calculations, all negatively
worded items were reverse coded.

The Combined interest in science measure (incorporating the Learning science in
school, Science outside of school, and Future participation in science measures) is
also included in Table 3. For all the attitudes to science measures, the internal reli-
ability was calculated to be above the threshold of 0.7 for both the pre-measure and
post-measure data. However, we can see that the reliability was lowest for the
Importance of Science measure. This indicated that improvements to this measure
(e.g., modifying items or adding new ones) would perhaps be required in the future.

In addition to examining the internal reliability of each measure, we also checked
the spread of each measure in terms of mean values and standard deviations. These
results are summarised in Table 4.

Table 4. Mean values and standard deviation of each attitude measure

Pre-measure Post-measure
Measure M SD M SD
Learning science in school 3.38 0.82 3.06 0.97
Self-concept in science 3.41 0.70 3.24 0.75
Practical work in science 4.05 0.64 3.95 0.77
Science outside of school 2.75 0.93 2.64 0.92
Future participation in science 2.57 0.85 2.38 0.89
Importance of science 3.58 0.67 3.50 0.65
General attitude towards school 3.40 0.76 3.32 0.77

Combined interest in science 2.92 0.76 2.71 0.83
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From these results, we identified that the Practical work in science measure had
the highest average of around 4 on the five-point scale. The fact that this measure
was closer to the maximum value of the scale, and that this measure had lower stan-
dard deviations than most of the other measures, indicated that a ceiling effect might
be acting on this measure. Plotting histograms of this measure’s data confirmed this.
Therefore, another future improvement that we would suggest would be to add
other items to this particular measure, lowering this mean score and thus reducing
the ceiling effect.

Correlation of Attitude Measures

We conclude this analysis of the attitude measures by examining the correlations
between the different constructs. The Pearson correlation coefficients between each
of the seven individual measures are presents in Tables 5 and 6 for pre-measure and
post-measure data, respectively. The Combined interest in science measure is not
included, as we know that this will correlate highly with the individual measures that
comprise it.

In both tables, the correlations between the Learning science in school, Science
outside of school, and Future participation in science measures were among the
highest in the tables, being in the range 0.6—0.7. These high correlations confirmed
our previous conclusions that these three measures were closely related, and could in
fact be combined into one Combined interest in science measure.

Discussion

The main aim of this study was to describe the development of measures for atti-
tudes towards science. In doing so, we defined in advance the constructs to be
measured, and outlined clearly the process of validating the measures—in this case
using factor analysis. Of course, a question we needed to ask was whether there were
already suitable attitude measures, with well-defined and validated constructs, that
we could have used instead of developing our own. Therefore, we begin this discus-
sion by looking at the suitability of some other published attitudes to science
measures.

As discussed at the beginning of the paper, problems with some existing attitude
measures have been raised in the literature. Munby (1983, 1997) has criticised the
Science Attitude Instrument developed by Moore and Sutman (1970) and Moore
and Foy (1997) in terms of the validity of its underlying constructs. Gardner (1996)
has also provided examples of attitudes towards science measures that do not define
the underlying concepts, or examine the unidimensionality of the constructs. One
example that he does provide for good practice in developing such measures is that
of Coulson (1992), although this measure was developed for early childhood
educators rather than for school pupils.

Napier and Riley (1985) used existing items from the National Assessment of
Educational Progress survey in the United States to develop attitude towards science
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measures. They did carry out factor analysis to obtain a number of unidimensional
measures for a number of science-related attitudes. These included science enjoy-
ment in the classroom and anxiety in the science classroom, which could perhaps
have been appropriate for our use. However, the wording of some of the items
involved (e.g., “How often do you like to go to science class”) did not appear to be
appropriate for use with younger, non-American school pupils.

Germann (1988) also developed a reliable, unidimensional measure for attitudes
towards science in school. With Cronbach a reliability values of 0.95 and higher,
this measure would certainly seem to be an appropriate measure that we could have
used. The only reason that it was inappropriate for our particular use was that we
wanted to separate the constructs of attitude towards science in and out of school.
Some of Germann’s items (e.g., “Science is interesting to me and I enjoy it”, “When
I hear the word science, I have a feeling of dislike”) seemed not to be specific enough
in this respect.

The Attitudes towards Science Inventory, developed by Gogolin and Swartz
(1992), once again examined relevant constructs such as enjoyment of science, self-
concept in science, and value of science in society. In this case, however, although
reliability measures and item-to-scale correlations were given for each construct, no
checks of unidimensionality of the scales were provided in their paper. Pell and
Jarvis (2001) did check for unidimensionality in their development of attitudes
towards science measures for children aged 5-11 years. They identified three
constructs: a science enthusiasm scale, a social context of science scale, and a
science is a difficult subject scale. Because of the suitability of the items for younger
school pupils, some of Pell and Jarvis’ items were used in the present study; in
particular, for our Science outside of school measure. However, we chose not to use
all of their items, firstly because we wanted once again to separate out items pertain-
ing to science in and out of school, and secondly because the reliability values for
their scales were close to or below the threshold of o = 0.7.

Finally, Francis and Greer (1999) developed a measure to particularly examine
the affective domain of attitude towards science. They used factor analysis to estab-
lish a unidimensional measure that gave high reliability values (o = 0.9). However,
the underlying constructs making up this measure were not defined, and appeared in
fact to be a mix of what we have termed as importance of science, attitude towards
science in school, future intentions in science, and self-concept in science. There-
fore, once again, we chose not to use this measure for our particular study.

Our reasons for not using available measures for attitudes towards science were
therefore just as much to do with our specific requirements in using these measures,
as well as drawbacks in the development of some of these. Our wish to examine
specific constructs associated with attitudes towards science, rather than to examine
a general attitude towards science, necessitated the development of our particular
measures.

In fact, we view this approach of starting with particular constructs as a strength of
this study. Not only are we dealing with the concern of Gardner (1996) that different
constructs are being mixed together in the same attitude scale, but it also allows us to
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build up the attitude scales step by step. It may perhaps be that separate constructs
are closely correlated and are effectively part of a more general attitude scale, but we
only combine the constructs when this has been validated through responses to the
scales. The approach also allows us to identify particular weaknesses and gaps in the
attitude scales. By dealing with the constructs separately, we could see that there were
weaknesses in our Importance of science measure. We have also acknowledged that
we have not examined other important influences on pupil attitudes towards science,
such as their views on their science teachers. We can therefore include these as other
separate constructs in our studies in the future.

A possible weakness that can be put forward with the present study is that further
validation of the various attitude measures could be carried out. Demonstrating
concurrent validity would have further strengthened the validity of the measures, but
in this instance we did not wish to overload the pupils with a lengthy questionnaire.
This is something that we can address in future studies. The criteria that we put forward
for developing attitude measures suggested that different methods of validation be
used. The results of the factor analyses in Tables 2 and 3 confirmed that our concep-
tually formed factors matched with empirically produced scales (i.e., the components
formed in the way we would have expected). These results also confirmed convergent
and divergent validity at item level (items that belonged to the same scale are highly
correlated with themselves and divergent from those in different scales).

However, we could have also examined whether the attitude measures had predic-
tive validity in describing expected behaviour from pupils. For example, commonly
observed patterns in pupils’ attitudes towards science are that they decline over the
period of their schooling, and that the attitudes of female pupils are less positive than
those of the male pupils. Having developed our attitudes towards science measures
in this paper, we will explore in a future publication whether these patterns are
highlighted by our measures.
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Notes

1. Further information of Lab in a Lorry can be obtained from the website www.labinalorry.org.uk
These are the first three years of secondary schooling in England.

3. For copies of the questionnaires used in this research, please contact Dr Patrick Barmby at the
corresponding address or email address provided.
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