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Abstract. The purpose of the present
study was to validate a scale of attitudes
toward science based on items and data

of TIMSS 2007. The present research intro-
duces several implications and recommen-
dations for science education researchers
who are interested in validating and

using instruments to measure attitudes
toward science. This research examined,
from Rasch measurement perspectives,

to what extent the scale was valid across
diverse participating countries from Rasch
measurement perspectives. The data of the
highest three achieving countries (Singa-
pore, Taiwan, and Japan), the lowest three
achieving countries (Qatar, Botswana,
and Ghana), and three average achieving
countries (Australia, Scotland, and Italy)
were analyzed using WINSTEPS software.
Several Rasch analyses (e.g, fit statistics,

PCA, and person/item map reliability

analysis) were performed to validate the
scale. Although most of the item fit the
Rasch model, a few items were found to be
misfitting. Then, the misfitting items were
eliminated and a second analysis for the
fitting eight items was performed to check
on the validity of the scale. The results pro-
vided evidences that support the validity of
the scale based on Rasch measurement.
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Introduction

Attitudes toward science play an important role in science
education (Hong &Lin 2011; Osborne, Simon, & Collins, 2003). Sev-
eral international studies (e.g., House, 2008) found that students’
attitudes toward sciences were a significant predictor of science
achievement. Students’attitudes toward science in primary school
are a major determinant of their responses to attitudes toward sci-
ence at high schools (Murphy, Ambusaidi, & Beggs, 2006). George
(2000) found that student’ attitudes toward science decline over
the years of middle and high school. Murphy, Ambusaidi, and
Beggs (2006) found an evidence of decline in attitudes toward
science as students get older . Osborne et al. (2003) reported that
there had been a great decline in percentages of students study-
ing science in UK. Preparing qualified scientists and engineers is
required to develop a competitive workforce and enhance the eco-
nomic prosperity (Osborne et al., 2003). Negative attitudes toward
science may lead students to avoid science courses at high school
and to move away from science for their future careers. Therefore,
attitudes toward science should be monitored and assessed regu-
larly taking into account that attitudes toward science are also an
important dependent variable of curriculum evaluation.

The concept of attitudes toward science is not well under-
stood (Osborne et al.,, 2003). As to Cheung (2009), this construct
refers to feelings, beliefs, and values held by a person about sci-
ence. Osborne et al. (2003) pointed out that attitudes toward sci-
ence consists of a number of interrelated sub-constructs such as
perceptions of science teacher, anxiety toward science, the value
of science, self-esteem related to science, motivation toward sci-
ence, enjoyment of science, attitudes of peers and friends toward
science, attitudes of parents toward science, and the nature of the
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classroom environment. Therefore, the construct of attitudes toward science is a complex one that is
constructed from several interrelated sub-constructs.

Measuring Attitudes toward Science

Developing a valid measure of attitudes toward science is necessary (Hong & Lin, 2011). Unfortu-
nately, many of the developers of attitudes instruments failed to address the validity properly or even to
provide a clear definition of attitudes toward science (Wang & Berlin, 2010). Cheung (2009) pointed out
that many of attitude instruments suffered from lack of theoretical rationale and of empirical evidences
to support construct validity. As to Wang and Berlin (2010), the development of attitude instrument
should basically focus on three dimensions of attitudes toward science: (1) science enjoyment, (2) science
confidence, and (3) importance of science. Based on the literature of more than three decades, Cheung
(2009) developed a theoretical framework of attitudes toward chemistry which included four dimen-
sions: (1) Liking for chemistry theory lessons (people have attitude when they love or hate science), (2)
Liking for chemistry laboratory work, (3) Evaluative beliefs about school chemistry; and (4) Behavioral
tendencies to learn chemistry. This framework adapted the idea that attitude is not a behavior but it is
an action tendency to respond. In other words, students have positive attitudes toward science when
they are willing to spend more time reading science books. Results of the confirmatory factor analysis
supported Cheung’s framework (see Cheung (2009) for more details). Researchers however usually
overemphasize the first dimension and ignore the other dimensions such as liking laboratory work.

Attitudes scales are usually developed traditionally and attitude data which collected by Likert scale
are inaccurately analyzed (Bond & Fox, 2007). Unfortunately, educational researchers routinely analyze
ordinal-level attitudinal data as if they are equal interval (Boone, et al., 2010). They usually make mistakes
when they directly carry out inferential statistics on ordinal data from attitude survey because inferential
statistics assume data to be interval (Harwell & Gatti, 2001; Liu & Boone, 2006). Many of them also rely
on Classical Test Theory (CTT) in developing and validating attitude instruments. However, Boone et al.
(2010) indicated that Rach analysis could be used in preparing ordinal-level data for parametric analyses,
and in developing higher quality science education instruments. Nam et al. (2011) suggested the use
of Rasch model to overcome the limitations of CTT. Although Rasch analysis is basically quantitative,
it is also ‘richly qualitative’ (Boone et al., 2010); therefore, it could serve as informative guidance while
developing and validating instruments.

Trend in International Mathematics and Science Study (TIMSS 2007) developed three indices to
measure eighth graders’ attitudes toward science. These indices represent three aspects of students’
attitudes: Positive affect, self confidence, and valuing science (Martin & Preuschoff, 2008). Confirma-
tory factor analysis was employed to examine the validity and dimensionality of the scales that were
considered valid across countries (Martin & Preuschoff, 2008). Accordingly, the question is raised to
investigate the extent to which TIMSS 2007 attitudes is a valid instrument across countries. Validating
instruments across countries is important for developing fair large scale assessment for all students
(Britton & Schneider, 2007; Nam et al., 2011)

The present study used the data of and items developed by TIMSS 2007 to validate an attitude
scale across countries from the perspective of Rasch model.

Rasch Measurement Perspective

Using Rasch measurement model in developing and validating instruments has interest from
educational researchers (e.g., Beglar, 2010; Cheng et al., 2011; Martinelli et al., 2009; Nam et al., 2011).
The Use of Rasch model which produces interval measure makes the validation process more accurate
(Liu & Boone, 2006). Many science education studies (e.g., Bradley & Sampson, 2006; Libarkin & Ander-
son, 2006) found that Rasch analysis was an effective tool in evaluating and improving the quality of
science instruments by examining the validity of instruments in a non-traditional way. Rasch analysis
also provides guidance for assessing the reliability and validity (content, construct, and predictive) of
survey instruments (Boone et al., 2010).
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Rasch model provides FIT statistics for items and persons to indicate how well each item or person
fitthe model. The FIT statistics are calculated based on the residuals between the observed and predicted
responses (Liu & Boone, 2006). Rasch analysis programs (e.g., WINSTEPS,) provide INFIT and OUTFIT mean
square (MNSQ) statistics to evaluate how well each item fits the model. MNSQ is a chi-square data-fit
statistics based on the difference between the observed response patterns and the predicted response
patterns; the closer MNSQ is to 1 the better” the fit (Liu & Boone, 2006). The deviations in this statistic
from 1.0 refers to how much the data are less or more predictable than the model expects (Wright &
Linacre, 1994). Bond and Fox (2007) consider fit as “a quality control principle” to determine whether
items performances are meeting the requirements of Rasch model especially the unidimensionality
requirement. Thus, fit statistics determine whether each item contribute to one construct only and
whether the output could be interpreted on interval level measure ( Bond & Fox, 2007). Linacre (2011)
mentioned that Rasch model “analyzes the data as though they are unidimensional, and then the fit
statistics report how well the data match the mathematically unidimensional framework that the Rasch
analysis has constructed” (p. 1310). Bond and Fox considered INFIT and OUTFIT (MNSQ) values between
0.7 and 1.3 as acceptable indicators for fitting the model. As for the rating scale surveys, the acceptable
range of MNSQ is 0.6 — 1.4 (Wright & Linacre, 1994).

Also, most Rasch software produce item-person map (Wright map) in which the estimations of
abilities and difficulties are presented on the same continuum. The order and spacing of items on the
hierarchical scale which are produced by Rasch analysis serve as a guide for improving instruments. As
for Boone and Scantlebury (2006), the gaps on the hierarchical scale indicate a need for adding more
items to fill these gaps and improve the instrument. Checking the order of item difficulty measures and
comparing it with the theoretically hypothesized order may help identify and improve some items. To
develop good instrument, it is necessary to develop items varying in their difficulties that target the
attitude levels of respondents.

Furthermore, Rasch measurement provides two reliability indices: Item separation index (replica-
bility of item placements) and person separation index (replicability of person ordering). These indices
determine whether there are enough spread of items along the continuum and enough spread of ability
among persons (Bond & Fox, 2007). Rasch reliability indicators are more accurate than the traditional (e.g.,
Cronbach’s alpha) reliability indices as Rasch measurement estimates Standard Error of Measurement
(SEM) for every person and for every item instead of assuming that SEM is the same for every person
(Bond & Fox, 2007; Liu & Boone, 2006; Smith, 2004). The traditional reliability indices usually include the
extreme scores and overestimate the internal consistency of instruments (Linacre, 1997).

Rasch theory provides a framework as well as a road map for survey design and analysis (Boone
et al., 2010). Researchers (e.g., Cheng et al.,, 2011; Lee- Ellis, 2009) usually focus on fit statistic to check
on the quality of items by investigating how well they fit the Rasch unidimensional model. Fitting the
Rasch model provides evidence for the construct validity; it could be considered as an indication that
the hypothesized construct exists (Liu & Boone, 2006). Using Rasch model in developing instrumentsis a
theory-based approach; when there is a good model-data-fit, then there is an evidence for the construct
validity of measures (Liu, 2006). The present research used the Rasch measurement to validate attitude
scale across countries based on participants’responses to attitudes items that were developed by TIMSS
(2007). Developing a valid attitude scale across countries may help researchers in collecting attitudinal
data accurately and conducting comparative studies. Also, the current research may encourage edu-
cational researchers to pay more attention to the cross-countries validation of other instruments that
could be used in the large scale comparative studies.

Methodology of the Study
Background on Attitudes toward Science Indices Developed by TIMSS 2007
TIMSS study developed items which reflect three aspects of students’ attitudes toward science:

Positive Affect toward Science (PATS), Self-Confidence in learning Science (SCS), and Students'Valuing
Science (SVS) (Martin & Preuschoff, 2008). Students’ responses were based on a 4-point scale: agree a
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lot=1, agree alittle = 2, disagree a little = 3, and disagree a lot = 4. (PATS) is based on students’'responses
to three items: (1) | enjoy learning science; (2) Science is boring; and (3) | like Science. SCS is based on
students’ responses to four items: (1) | usually do well in science; (2) | learn things quickly in science;
(3) Science is more difficult for me than for many of my classmates; and (4) Science is not one of my
strengths. The third aspecte, SVM, is composed of three statements: (1) | think learning science will help
me in my daily life; (2) | need science to learn other school subjects; and (3)

I need to do well in science to get into the university of my choice; and (4) | would like to do well
to get the job | want. Before analyzing the data, the negative items were reverse coded.

Selected Data and Data Analysis

Because the purpose of the present research was validating the attitudes toward science scale
across countries, the data of nine countries were selected. The selected countries were the highest
three achieving countries (Singapore, Taiwan, and Japan), the lowest three achieving countries (Qatar,
Botswana, and Ghana), and three average achieving countries (Australia, Scotland, and Italy). Arandom
sample of 150 participants was selected from the data of each country. The three negatively worded
statements were reverse coded before conducting the analysis. WINSTEPS software (Linacre, 2005) was
used to analyze the data. Reliability analysis, fit statistics, person/item map, and Principal Component
Analysis (PCA) were used to validate the scale.

Procedures

First, the fit statistics for the eleven attitudes items (stage 1) was conducted. The results revealed
that the negatively worded items, 3 items, usually outfitted the acceptable range of fit statistics for most
of the courtiers. After that, the misfitting items were eliminated and a second stage analyses (fit statistics,
reliability analysis, and person/item map, PCA) were performed to check on the quality of items and the
validity of the construct (Linacre, 2010).

Results of the Study
Fit Statistics

Rasch analysis estimates the difficulty of each item which is, in case of a Likert scale, the level of
“agreement with” or“endorsement of " (Bond & Fox, 2007). The item fit helps educators to identify to what
extent each of the eleven items elicits unexpected responses on the part of respondents. Fit statistics
could be used for evaluating the quality of each item (Bond & Fox, 2007). The acceptable range of infit
and outfit MNSQ is 0.60 to 1.4 (Wright & Linacre, 1994). The Infit and Outfit MNSQ of the eleven items
across the nine countries were investigated. In general, three items were found to outfit the acceptable
range of MNSQ for one or more countries (Table 1).

To give more details, the data of Singapore indicated that the values of MNSQ of one item (science
is more difficult for me) outfitted the acceptable range of MNSQ. As for the data of Taiwan, three items
(science is more difficult for me than for many of my classmates; science is not one of my strength; and
I need to do well in science to get into the university of my choice) outfitted the acceptable range of
MNSQ. The data of Japan indicated that two items outfitted the model. These items are “science is more
difficult for me than for many of my classmates’, and “ need to do well in science to get the job | want”.
To summarize, the item “science is more difficult for me” outfitted the acceptable range of MNSQ for
the highest three achieving countries.
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Table 1. Infit and Outfit MNSQ of the three misfitting items (Stage 1).

Highest Achieving Countries

Average Achieving Countries Lowest Achieving Countries

Item Singapore Taiwan  Japan Australia Scotland Italy Qatar Ghana  Botswana
Statement

Infit Infit Infit Infit Infit Infit Infit Infit Infit

Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit

MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ

Science is 1.18 0.78 1.23 1.1 1.31 1.35 143 218 1.07

boring STy 90 076 P 123 B g2 T g P g P g4 B oag 0 g
Science is more

difficult for me 2.3 1.37 1.40 1.93 1.49 72 1.52 1.69 1.40

than for many of 070 g 004 y5g =17 451 43 599 1 yg5 =0 g5 0 475 B 17 M 4y
my classmates

Science is
0.98 1.64 1.16 1.36 1.23 1.7 2.22 1.75 2.28
ggiﬁgfh:fmy 123 008 035 189 19 416 4T 451 0 g 05 qug M o500 B a0 B o7

Table2. Infitand Outfit MNSQ of the 8 items (Stage 1 & Stage 2).

Highest Achieving Countries Average Achieving Countries Lowest Achieving Countries

Singapore  Taiwan Japan Australia Scotland Italy Qatar Ghana Botswana

Item Statement
Infit Infit Infit Infit Infit Infit Infit Infit Infit
Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit
MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ

| enjoy learning 0.79 0.77 0.70 .80 712 .76 .66 .75 .68
science. 083 70 06 75 46 70 10 5o 02 o 04 zg M 5 3 g5 B g
| enjoy learning 0.91 0.93 0.88 91 .84 1.08 82 .80 1.25
science * 05 083 07 ogg %8 g M g0 0 g 0T qg3 B g 20T g -3 g
I need to do well
o 14 113 1.37 1.22 1.32 118 1.00 0.45 1.21
|nst;|encetoget -0.23 129 0.27 113 1 145 16 102 .16 113 .75 118 -21 o -48 58 -.09 0.90
the job | want
I need to do well 1.29
o 1.1 1.36 1.10 1.26 115 1.01 1.30 .98
|ns<;|encetoget -0.04 1.15 0.33 109 .01 140 .76 108 24 115 19 108 -15 77 -.38 112 12 57
the job | want
| think learning
) . 0.87 1.07 .76 65 0.80 81 48 .96 1.03
SC|e'nceW|II help -0.76 0.95 -1.04 116 -.36 0.75 -23 79 -24 77 -49 79 -50 51 -52 270 -33 0.98
me in my daily life
| think learning 0.88
science will help ' 112 72 .80 0.90 77 94 1.18 1.00
me in my daily 064 087 A25 10 =85 7y 19 gy 30 ggr B gy 62 gp 02 143 ST s
life *
. . 0.92 0.61 .68 95 74 93 61 62 .58
| like science -0.67 087 0.02 064 -23 57 .09 89 18 59 60 91 .16 53 -37 69 -52 47
. ) . 1.07 0.75 84 1.1 .92 1.21 74 1.18 1.1
| like science -0.55 0.96 0.03 0.72 -40 83 .58 107 29 89 19 117 51 64 -.06 84 =77 64
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Highest Achieving Countries Average Achieving Countries Lowest Achieving Countries
Singapore  Taiwan Japan Australia Scotland Italy Qatar Ghana Botswana
Item Statement
Infit Infit Infit Infit Infit Infit Infit Infit Infit
Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit Mes. Oufit
MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ MNSQ
I need science to
113 0.93 93 .86 92 1.04 72 .59 1.06
Iearpotherschool 0.04 135 0.32 0.93 .88 97 12 95 19 102 .28 108 -.08 66 -18 68 21 20
subjects
| need science to 1.09
0.99 97 1.04 .94 0.92 .80 1.00 1.12
Iearpotrlerschool 0.27 114 0.39 0.95 .98 o 21 117 27 103 22 0.98 10 78 .35 1924 48 110
subjects
| learn things 0.68 0.82 72 73 .76 .58 68 .70 74
quickly in science 079 0.73 0.6 0.81 95 .75 02 72 02 74 ~30 .66 42 .70 19 .81 40 0.77
| learn things 0.80
B 1.03 91 .78 .98 1.02 1.02 .83 .92
qmckl*ymsm- 112 084 0.70 0.99 .56 93 -45 80 10 96 .08 109 .89 119 1.01 0.70 .80 o
ence
I need to do well
in science to get 1.1 1.28 1.30 .82 110 1.23 .53 73 .87
into the university 078 o5 007 oy =41 qgp 03 gy 10 g 42 qpp M 49 N0 ym T g
of my choice
I need to do well 105
in science to get ' 1.29 1.25 1.19 1.06 0.90 68 1.22 1.14
into the university 067 094 009 15y =61 405 3 149 =2 103 10 g0 I g I g 02 g
of my choice *
I'usually do well 0.72 0.53 .70 61 .75 .75 119 .95 .84
in science 068 73 004 ggg 85 76 3T 75 < o B 75 4 g0 ¥ 9 O 75
[ usually do well 1.02 0.74 .98 93 1.04 .88 2.39 1.08 1.09
in science * 100102 005 g8 89 43 =% 105 42 108 6 091 O 301 AT 1 2 1y

As for the average achieving countries, fit statistics revealed that few items outfitted the accept-
able range of MNSQ. As for the data of Australia, the items that outfitted the acceptable range were
“science is more difficult for me than for many of my classmates”and“science is not one of my strength”.
For Scotland, one item outfitted the acceptable range: “science is more difficult for me than for many
of my classmates”. The data of Italian students revealed that two items outfitted the model. These two
items are “science is boring” and “science is not one of my strength”. Therefore, these two items could
be considered problematic for the average achieving countries.

As for the lowest achieving countries, the number of outfitting items was larger than those of aver-
age- or highest- achieving countries. Four items from Qatar data and five items from Ghana outfitted
the acceptable range of MNSQ. As for the results of Qatar and Ghana, the three negatively worded items
outfitted the acceptable range of MNSQ. These items were “science is not one of my strength’, “science is
boring’, and “science is more difficult for me than for many of my classmates"”. Accordingly, we decided
to remove the three misfitting items and perform a second series of analyses (stage 2).

Fit Statistics (Stage 2)

After eliminating the negatively worded items, the infit and outfit statistics for the items across
countries were within the acceptable range of MNSQ with a few exceptions as shown in Table 2. This
basically means that the data of the selected countries met the basic assumptions of Rasch model. Fit-
ting the Rasch model could be considered as evidence that support the construct validity (Liu & Boone,
2006) of the eight-item scale.
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Wright Maps: Item/ Person Maps

Investigating the maps of the high achieving countries (Figure 1) indicated that the items targeted
the levels of attitudes of participants. The estimates of “item difficulty to endorse” ranged from -1 logit
to +1 logit. However, the match between item difficulties and person abilities was not perfect especially
for Singapore and Taiwan. In the case of Singapore and Taiwan, there were no items to target the partici-
pants of high level of attitudes, above + 1 logit. Further, there were no items to target many Taiwanese
whose levels of attitudes were below -1 logit. This means that the levels of attitudes of persons whose
levels were above +1 logit or below -1 logit were estimated imprecisely (Bond & Fox, 2007). However
the map of Japan was the best among the nine maps we have investigated in the present research.
Although the agreement levels for the items ranged from -1 logit to +1 logit, the levels of attitudes for
the Japanese approximately ranged from -1 logit to +1 logit, which indicated a good match between
“item difficulty to endorse” and students’ levels of attitudes.

Figure 1: Wright maps of the high achieving countries for 11 items of Attitude toward Science
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The maps of the average achieving countries were also investigated. The items were estimated to
be very difficult ‘to agree with’ for the participants of the three average achieving countries, Australia,
Scotland, and Italy; the endorsement levels were approximately ranged from -0.50 logit to 0.50 logit. It was
noticeable that no item was targeting many participants whose level of attitudes was below -1 logit.
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Also the maps for the three lowest achieving countries, Qatar, Botswana, and Ghana were inves-
tigated. With regard to Qatar and Ghana, the difficulty levels of the items ranged approximately from
-0.6 to 1.0 logit. The items did not very well target the students’ levels of attitudes that the items ap-
peared very difficult to agree with to many low- attitude students from Qatar and Ghana. However, the
students of Botswana expressed high level of attitudes compared to their counterparts in the other low
achieving countries. Therefore, the items failed to target the high —attitude students whose attitude level
were above 1.0 logit. In sum, although there was acceptable match between the levels of endorsement
and attitudes, especially for those of high-achieving countries, the maps informed us that the items,
especially those of lowest-achieving, did not perfectly target the participants’levels of attitudes, which
might lead to inaccurate estimates.

Principal Component Analysis (PCA)

To collect more evidences that support the unidimensionality of construct, The PCA was conducted
using Winsteps software for the two formats of the scale. The results of PCA show that the percentage
of variance explained by the measures (11 items) was strong (> 40 %) for the average and high achiev-
ing countries (Table 3). It was low for some low achieving countries. However, for stage 2, the variance
explained by the measures was high (> 56 %) for all the participating countries which support the
dimensionality of the construct. Another evidence that supported the dimensionality of the construct
was the low percentage of unexplained variance by the first factor as shown in Table 3. For example,
the strength of Rasch dimension for the data of Taiwan was 68 % which could be compared with the
strength of the biggest secondary dimension ( 11.1%) indicating that the attitudes toward science
could be considered unidimensional for practical purposes ( Linacre, 2003). In short, the results of PCA
provided evidence that supported the construct validity of the scale.

Reliability Analysis

As for stage 1, the person reliability indices ranged from 0.64 to 0.89 (Table 4) for the selected nine
countries. The indices of the highest achieving countries (0.81 - 0.86) and the indices of the average
achieving countries (0.86 — 0.89) were higher than those of the lowest achieving countries (0.64 - 0.77).
The person reliability indices for the average- and the highest achieving countries were relatively high
(>=0.81).

The item reliability indices ranged from 0.67 to 0.96 as shown in Table 4. The item reliability indices
were generally high (> = 0.89) for the most of the selected countries. The high values of item reliability
indices indicate that the item estimates to be replicated when the attitudes scale is applied to other
samples or countries. High reliability indices also suggest that the instrument differentiates the levels
of attitudes successfully.

Table 3. Standardized Residual Variance of Principal Component Analysis for the Attitude toward
Science Scale (stage 1 & stage 2).

. . Percentage of variance unexplained (variance
Percentage of variance explained by measure

Country explained by 1st factor)

Stage 1 (11 items) Stage 2 (8 items)* Stage 1 (11 items) Stage 2 (8 items)*
Singapore 52.9 56.5 12.2 14.3
Taiwan 65.2 68 9.3 1.1
Japan 61 68 91 10.3
Australia 59.8 65.5 1.3 13.3
Scotland 58.8 65.8 1.3 12.9
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Percentage of variance unexplained (variance

Percentage of variance explained by measure explained by 1st factor)

Country

Stage 1 (11 items) Stage 2 (8 items)* Stage 1 (11 items) Stage 2 (8 items)*
Italy 53.3 63.8 10.6 10.8
Qatar 449 68.8 12.7 8
Ghana 2 57 20 94
Botswana 217 56.8 12.9 9.5

* The three misfitting items were excluded in stage 2

Table4.  Person and Item reliability Indices (stage 1 and stage 2).

Loyve§t Average High
Item Person  Achieving Item Person achievin Item Person Achievin
Reliability Reliability Countries Reliability Reliability Countrieg Reliability  Reliability Countrieg
0.91 0.77 0.77 0.89 . 0.96 0.86 Singapore
(0.91) (0.69%) Qatar (0.63%) (0.85%) Ausiralia (0.95%) (0.84%)
0.91 0.72 Botswana 0.67 0.87 Scotland 0.89 0.85 Taiwan
(0.93% (0.51%) (0.74% (0.83% (0.93% (0.84%
0.95 0.64 Ghana 0.91 0.86 Italy 0.92 0.81 Japan
(0.90%) (0.49%) (0.93%) (0.82%) (0.94%) (0.80%) P

* Stage 2, the negatively worded items were excluded

Reliability Analysis (Stage 2)

After eliminating the misfitting items, the person reliability indices for the data of both high achiev-
ing and average achieving countries were not largely affected, they are above .80 as shown in Table 3.
On the other hand, in case of the low achieving countries, the indices decreased greatly especially for
the data of Ghana where it reached .49.

As for the item reliability indices, they were above .90 for the data of seven countries even after
eliminating the three misfitting items. Nevertheless, the item reliability for the data of Australia was
relatively low (.63). In short, the item and person reliability indices were relatively high for most of the
countries even after eliminating three items. The main concern was the low person reliability indices of
the lowest achieving countries.

Discussion

The purpose of this research was to validate a scale of attitudes which could be used by science
educators. The scale covers three aspects of attitudes: Positive Affect toward Science (PATS), Self-Con-
fidence in learning Science (SCS), and Students’Valuing Science (SVS) (Martin & Preuschoff, 2008). This
scale was constructed based on the main aspects of attitudes that were identified by science education
researchers over the past three decades (Liu, 2010; Osborne et al., 2003). The item and person reliability
indices were relatively high for most of the countries.

Several evidences that supported the validity of the scale were presented. First, the infit and outfit
statistics for the items across countries were within the acceptable range of MNSQ with a few excep-
tions. Fitting the Rasch model could be considered as an evidence that supports the construct validity
of the suggested scal; the eight-item scale. In other words, fitting the Rasch model provides evidence
for the construct validity of the scale (Liu & Boone, 2006). Therefore, it could be concluded that the items
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are of high quality with regard to meeting the undimensionality requirement and contributing to one
construct (Bond & Fox, 2007). Furthermore, the item —person map indicated that there was fair good
spread of persons and items especially for the high achieving countries. The maps show that there was
no redundancy of items. Also, the PCA provided evidence that support the construct validity. The results
of PCA indicated that the variance explained by the measure was above 56 % for the nine selected
countries which could be considered high (Conrad et al., 2009). The strength of the Rasch dimension
provided evidence that support the construct validity of the scale (Linacre, 2003).

Implications and Suggestions for Further Research

The present study provided evidences that support the validity of the 8-item attitude scale across
countries especially for the high- and average- achieving countries. This validated scale covers the main
aspects of attitudes; therefore, educators are encouraged to use this scale to collect attitudinal data
and conduct comparative studies. Continuing research on students’attitudes is needed to understand
and remediate the decline in numbers of students studying science (Osborne et al., 2003). TIMSS and
other international studies are advised to pay more attention to the cross-countries validation of scales
using the Rasch model.

Psychometricians are also invited to investigate why the negatively worded items were misfitting.
Interviewing students could be an excellent technique which would provide researchers with informa-
tion about how students perceive and understand these statements. Moreover, TIMSS should be more
sensitive to any factors that could distort the validity of the scale across countries.

The present research introduces some suggestion for future research. Since the validated scale did
not include items of“Liking Laboratory work” (Cheung, 2009) and students'belief of relevance of science
to making better decisions (Siegel & Ranney, 2003), researchers are invited to consider them when they
develop new scales of attitudes toward science. The results of fit statistics across countries indicated that
the negatively worded items were problematic. Therefore, further investigations are needed to explain
why the negatively worded items were more likely to misfit Rasch the model.
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