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Abstract

This paper aims at developing and validating a brief scale specifically assessing Attitude 
Toward Learning of Scientific Subjects (ATLoSS) and at testing its measurement invari-
ance across genders. The scale was validated on a sample of 18,436 Italian students (51% 
males) attending middle schools at 7th grade by using both exploratory factor analysis and 
confirmatory factor analysis. The four item scale had good internal consistency with a 
Cronbach’s alpha of .864 and a one-factor solution characterized by measurement invari-
ance across genders. Associations with other measures – in particular with math academic 
self-concept and interest/enjoyment in math – supported convergent and divergent validity 
of the scale; besides, good criterion validity based on student achievement and prospective 
choice of higher education was confirmed. The scale represents a brief and easy instrument 
which can be used in large scale student assessment and can provide teachers and educators 
with preliminary information on their students’ attitudes which are relevant for academic 
achievement. 
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1.  Introduction

Attitude can be considered as one of the most important affective constructs 
in education (Osborne, Simon, & Collins, 2003) and improving a positive 
attitude toward scientific subjects among students is a crucial goal of science 
education, which plays a key role in any country’s economic and techno-
logical development (TIMSS, 1999). This is confirmed by research findings 
showing a positive relationship of attitude toward science and achievement, 
because students with a more positive attitude toward science are more likely 
to have sustainable learning and to continue with those subjects they enjoy 
(Pell & Jarvis, 2001; Else-Quest, Mineo, & Higgins, 2013).

Attitude generally refers to a favorable or unfavorable feeling toward 
something (Koballa & Warden, 1992) as well as to feelings about engaging in 
the behavior (Chiappetta & Koballa, 2002). According to the International 
Encyclopedia of Education, science attitudes are positive or negative feel-
ings that an individual holds about science subject (Lakshmi & Rao, 2003). 
However, literature provides several definitions about this construct. For 
instance, Klopfer (1971) categorized a set of affective behaviors such as: the 
manifestation of favorable attitudes toward science and scientists; the accept-
ance of scientific enquiry as a way of thought; the adoption of scientific 
attitudes; the enjoyment of science learning experiences; the development 
of interests in science and science-related activities; and the development of 
an interest in pursuing a career in science or science related work. Then, 
Gardner (1975) defined attitude toward science as «learned predisposition 
to evaluate […] objects, people, actions, situations or propositions involved 
in learning science» (p. 2) and proposed a differentiation between «attitudes 
toward science» and «scientific attitudes». Osborne et al. (2003) described 
further components of attitude toward science, including anxiety toward sci-
ence, self-esteem, motivation, enjoyment of science, attitude of peers toward 
science, classroom environment, and achievement in science. Whereas, a 
comprehensive review by Blalock et al. (2008) categorized it into four dif-
ferent areas: attitude toward science, scientific attitude, the nature of science, 
and scientific career interests. Given the wide range of instruments published 
for measuring attitudes toward science from various perspectives, Weinburgh 
(2000) has reported an increasing trend to measure this construct over time, 
as well as a large number of related components which tend to add ambigu-
ity more than clarity to the understanding of the construct (Koballa, 1988). 
Therefore, as stated by Shah and Mahmood (2011), «keeping in view the 
diversity of sub-constructs associated with the construct of attitude, develop-
ing a scale for measurements of attitude toward science becomes a complex 
task» (p. 72). In this regard, most of studies regarding attitudes toward sci-
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ence have considered learning as a sub-factor of the whole scales/research 
instruments and only few researchers specifically focused on attitude toward 
science learning (Shah & Mahmood, 2011), albeit it is strongly associated 
with increased retention, attention to classroom instruction and academic 
achievement (Gasiewski et al., 2012; Narmadha & Chamundeswari, 2013).

Based on this premise and given the lack of similar measures in the 
Italian context, the present paper aims at developing and validating a brief 
scale specifically assessing attitude toward learning scientific subjects (such as 
mathematics or natural sciences) and at testing its measurement invariance 
across genders. Such a measure could be easy to use in the school context from 
teachers and educators thus providing them preliminary and quick informa-
tion on student attitudes which are relevant for academic achievement. This 
is particularly relevant in the light of the current effort to promote student 
achievement and more positive attitudes toward learning within the Italian 
school system, especially with regard to mathematics (Argentin et al., 2014).

2.  Theoretical rationale and development of the scale

In the first step of the instrument development, we examined relevant 
research on the issue and similar existing measures (Fraser, 1981; Parkinson 
et al., 1998; Renmin et al., 1998; George, 2000; Weinburgh, 2000; Nasir & 
Kono, 2004; Reiss, 2004). We adopted the theoretical framework proposed 
by Cheung (2009) which considered three classes of observable attitudinal 
responses toward the attitude object: affective (feelings and emotions), cogni-
tive (evaluative beliefs), and behavioral (action tendencies) responses. Con-
sistently, an initial set of 12 items was developed dealing with four different 
domains (three item each), which were used by Cheung (2009) to assess 
attitude toward chemistry: (1) Liking for lessons about scientific subjects; (2) 
Interest in scientific work at school; (3) Evaluative beliefs about school scien-
tific subjects; and (4) Behavioral tendencies to learn scientific subjects. Items 
scored on a 4-point Likert-type scale (not at all, little, somewhat, very much), 
indicating students’ agreement with some statements about their learning 
of scientific subjects. Then, a team of three experts in educational psychol-
ogy rated the appropriateness of each item based on four criteria (relevance, 
clarity, simplicity, and ambiguity) by a 4-point scale (e.g., 1 = not relevant /
clear / simple or doubtful, 2 = item needs some revision, 3 = relevant/clear/simple 
or no doubt but needs minor revision, 4 = very relevant / clear / simple or mean-
ing is clear). This was in order to test the items’ face validity, an estimate of 
the instrument’s ease of use, clarity, and readability. Each item was given 
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four different ratings. Item Content Validity Index was then computed as 
the percentage of experts that approved the item and gave it a score of 3 or 
4. The researchers discarded the items which did not score over 0.75 for each 
criterium (Martuza, 1977), and only the item with the highest score for each 
domain was retained. The result was a four item scale, reported as follows:
1.	 I like attend lessons about scientific subjects (Liking for lessons); 
2.	 There should be more hours of scientific subjects at school (Interest in 

school work);
3.	 Scientific subjects are the most interesting ones (Evaluative belief );
4.	 I would like to learn more about scientific subjects (Behavioral tendency).

3.  Method

3.1.  Participants

The sample of this study comprised 18,436 students attending middle 
schools at 7th grade. 

In detail, boys were 51% while girls were 49%, mostly aged from 11 to 
13 years (M = 11.93, SD = 0.42). They came from 1,228 classes belonging 
to 327 different middle schools of nine Italian Regions, which were well-
distributed across the entire national territory (Apulia, Calabria, Campania, 
Emilia-Romagna, Lombardy, Marche, Piedmont, Sicily and Veneto).

3.2.  Material 

Student data were collected in the 2010/2011 school year in occasion of 
the evaluation of the project PQM 1 (Italian acronym for National Plan for 
Quality and Merit) carried out by INVALSI (Italian acronym for National 
Institute for the Educational Evaluation of Instruction and Training). PQM 
is an Italian in-service training program addressed to lower secondary school 
teachers which supports school improvement plans (Caputo & Rastelli, 
2014; Caputo, 2015). Data are derived from the Student Questionnaire, vali-
dated by INVALSI and used for the annual national assessment of student 

	 1	 The project was financed by the EU funding – PON Istruzione 2007-2013 (A-2-
FSE-2009-2). The opinions expressed in the article are those of the author and do not repre-
sent an official position of INVALSI.
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achievement in the Italian context 2. The questionnaire aimed at collecting 
students’ demographic and background characteristics, previous school expe-
rience and learning attitudes. The following variables were assessed and ana-
lyzed in the course of this study.

3.2.1.  Attitude Toward Learning of Scientific Subjects (ATLoSS)

This construct refers to attitudinal responses toward the learning of scientific 
subjects, including affective (feelings and emotions), cognitive (evaluative 
beliefs), and behavioral (action tendencies) aspects. In particular, based on 
Cheung’s framework (2009), four different domains are inspected: (1) Liking 
for lessons about scientific subjects; (2) Interest in scientific work at school; 
(3) Evaluative beliefs about school scientific subjects; and (4) Behavioral 
tendencies to learn scientific subjects. Items scored on a 4-point Likert-type 
scale (not at all, little, somewhat, very much), indicating students’ agreement 
with the following statements:
•	 I like attend lessons about scientific subjects (item 1); 
•	 There should be more hours of scientific subjects at school (item 2);
•	 Scientific subjects are the most interesting ones (item 3);
•	 I would like to learn more about scientific subjects (item 4).

3.2.2.  Math academic self-concept

Academic self-concept is defined as the student’s perception of competences 
held at school in relation to specific subjects. This perception can be seen 
as a cognitive evaluation of the abilities to accomplish certain tasks. Accord-
ing to the hierarchical self-concept model of Marsh and Shavelson (1985), 
students’ academic self-concept is a subcomponent within a model where 
general self-concept is at the top of the hierarchy. In this study, math aca-
demic self-concept was measured on a 4-point Likert scale, ranging from 
«strongly disagree» to «strongly agree». The scale assessed three aspects refer-
ring to students’ beliefs (performance, learning process and peer compari-
son), according to Trends in International Mathematics and Science Study 
(TIMSS) (Mullis et al., 2008), which are expressed with the following state-
ments: 
•	 I am good at Math (item 1); 
•	 I am able to learn Math quickly (item 2); 
•	 I perform Math tasks better than my other classmates (item 3).

	 2	 For the official validation of the questionnaire, see INVALSI, 2010.
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In the present study the scale showed an acceptable internal consistency 
(a = .795), with a one-factor solution explaining for 71.33% of the overall 
variance.

3.2.3.  Interest/enjoyment in math

It refers to motivation that is driven by an interest or enjoyment in the task 
itself, and exists within the individual rather than relying on any external 
pressure (Lepper, 1988). It is based on taking pleasure in an activity rather 
working toward an external reward. In the present study, intrinsic motiva-
tion was measured for mathematics on a 4-point Likert scale, ranging from 
«strongly disagree» to «strongly agree», by means of the three following state-
ments: 
•	 I enjoy doing Math (item 1); 
•	 I would like to take more Math in school (item 2); 
•	 I like solving Math problems (item 3). 

In the present study the scale showed an acceptable internal consistency 
(a = .737), with a one-factor solution explaining for 65.55% of the overall 
variance.

3.2.4.  Test anxiety

This hypothetical construct consists of two components: worry and emo-
tionality (Liebert & Morris, 1967), respectively related to cognitive con-
cerns about one’s own performance and physiological reactions to the test 
situation. The students answered to four statements concerning the level of 
test anxiety they experienced during the standardized assessment test. They 
were requested to express their level of agreement with some statements on a 
4-point Likert scale, adapted from the Motivated Strategies for Learning Ques-
tionnaire (MSLQ) by Pintrich and De Groot (1990) and then specifically 
validated in the Italian context (Poliandri et al., 2011). The four statements 
regarding students’ emotional reactions during the test are: 
•	 Even before we started I was worried about having to take a test (item 1); 
•	 I was so nervous that I couldn’t find the right answers (item 2); 
•	 While I was answering I felt I was doing poorly (item 3); 
•	 While I was answering I felt calm (item 4).

In the present study the scale showed an acceptable internal consistency 
(a = .806), with a one-factor solution explaining for 63.43% of the overall 
variance.
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3.2.5.  Measure of competences and skills in mathematics

Standardized tests were developed to assess math knowledge and skills at 
7th grade. Math test score is normalized and hence varies between 0 and 100. 
The test followed the theoretical framework for Mathematics curriculum 
based on the recommendations of the IEA-TIMSS. This theoretical frame-
work addressed two main dimensions for test item development, consistently 
with most of the international studies on student achievement assessment:
•	 Math contents belonging to four different thematic areas: numbers and 

algorithms, geometry, relations and functions, data handling.
•	 Cognitive processes regarding the student ability to know and master some 

elements, such as specific math contents, algorithms and procedures, forms 
of math representation, problem solving, measurement tools, math think-
ing and quantitative information.

3.3.  Statistical analyses

3.3.1.  Testing assumptions

Distributional properties of the scale were inspected to examine the normal-
ity of the total scores. Skewness and kurtosis values between -1 and +1 were 
assumed to indicate an acceptable range to prove normal univariate distribu-
tion (Peat & Barton, 2008).

3.3.2.  Construct validity

To test construct validity, the total sample (n = 18,436) was divided into two 
groups by using the odd-even split method: Group A (n = 9,218) and Group 
B (n = 9,218). Group A was used for exploratory factor analysis (EFA) to 
establish the factor structure, and Group B was used for confirmatory factor 
analysis (CFA) to confirm the factor structure of the scale found in Group A.

EFA with a maximum likelihood (ML) was performed to extract under-
lying common variance among items. In this regard, several researchers and 
statistical practitioners advocate the use of ML over other methods because 
of its sensitivity to model misspecification, which may reduce type II error 
rates (Olsson et al., 2000). Direct oblimin rotation was then used with the 
aim of obtaining simple structure and considering best results. Because it 
assumes the factors to be correlated, it is worth testing the oblique rotation 
that is psychometrically apt for the data. Each item was included in a specific 
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factor if there was a minimal factor loading of 0.4, while to determine how 
many factors should be retained, two main criteria were used (Fabrigar et al., 
1999):
•	 The Kaiser criterion to select those factors that have an eigenvalue > 1. 

Because this criterion could misrepresent the most appropriate number of 
factors, we also calculated confidence intervals (CIs) for the eigenvalues;

•	 Parallel analysis, a method based on the generation of random variables, 
to determine the number of factors to retain. In this procedure, eigenval-
ues extracted from experimental data (i.e., values forming a standard scree 
plot) are plotted against those extracted from randomly generated data. 
Components with eigenvalues exceeding those extracted from the random 
data are considered for retention. For this study, 100 randomly generated 
data sets equal in size to the experimental data were constructed.

The Kaiser-Meyer-Olkin Test of Sampling Adequacy (KMO) was com-
puted, as a measure of the shared variance in the items. Values between 0.7 
and 0.8 are considered as good and values between 0.8 and 0.9 are consid-
ered as excellent (Hutcheson & Sofroniou, 1999). Whereas, anti-image cor-
relations higher than 0.5 are regarded as acceptable (Field, 2013). 

In performing the CFA on the second sub-sample, the maximum like-
lihood (ML) estimation method was used  for the current model, because 
there was no violation of the multivariate normality assumption in terms 
of skewness (M = -.16, SD = .26, ranging from -.37 to .22) and kurtosis 
(M = -.68, SD = .14, ranging from -.85 to -.52). Different components of fit 
were evaluated (Hu & Bentler, 1995), because it is generally recommended 
that multiple measures be considered to highlight different aspects of fit 
(Tanaka, 1993). As a stand-alone measure of fit, chi-square (χ2) is known 
to reject trivially misspecified models estimated on large sample sizes (Hu 
& Bentler, 1995); therefore, the χ2 ratio (χ2/degrees of freedom [df ]) was 
used to evaluate stand-alone models. This index tends to be less sensitive to 
sample size, and values less than 3 (or in some instances 5) are often taken to 
indicate acceptable models (Kline, 2010). We also evaluated model fit using 
the root mean square error of approximation (RMSEA), standardized root 
mean square residual (SRMR), Confirmatory Fit Index (CFI), Tucker-Lewis 
Index (TLI), Akaike Information Criterion (AIC), and Bayesian Information 
Criterion (BIC). Smaller χ2, AIC, and BIC values correspond to better fitting 
models (Schumacker & Lomax, 2010). As Hu and Bentler (1999) indicated, 
RMSEA values up to .05 indicate good fit, between .06 and .08 indicate 
adequate fit, and > .10 indicate poor fit; SRMR values below .08 are indica-
tive of a good fit; CFI and TLI values greater than .90 are generally indicative 
of acceptable model fit.
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3.3.3.  Measurement invariance

To test the measurement invariance across gender groups, a multi-group CFA 
was conducted. The test assumption of measurement invariance is that the 
construct being measured is the same in different groups; as well, the invari-
ance can be examined at multiple levels (configural, metric, scalar). To test 
the model fit for the structure of the scale across gender groups, we used the 
same goodness of fit indexes presented above. To test whether the measure-
ment invariance across gender groups holds, we used the change for CFI and 
RMSEA (ΔCFI and ΔRMSEA) as indexes used in previous studies (Gardner 
& Qualter, 2011; Irwing, 2012). 

We used decline in model fit at a given stage of the analysis as an indi-
cation that the assumptions of invariance do not hold in the constrained 
parameters (French & Finch, 2006). Cheung and Rensvold (2002) recom-
mended that the changes lower than or equal to .01 for CFI and RMSEA 
indicate that invariance holds. Before testing the invariance models, we first 
validated the original model on the male and female sample, respectively.

3.3.4.  Convergent/divergent validity

Evidence for convergent and divergent construct validity was evaluated by 
examining Pearson’s correlations between the ATLoSS and the other meas-
ures. Based on previous studies, it was hypothesized that ATLoSS should be 
positively correlated with both interest/enjoyment in math and math aca-
demic self-concept (Osborne, Simon, & Collins, 2003; Pekrun & Linnen-
brink-Garcia, 2014); instead, it was expected to be negatively associated with 
test anxiety (Akman et al., 2007; Lee, 2009).

3.3.5.  Criterion validity

Criterion validity was evaluated by conducting independent-samples t-tests 
to compare different groups of students based on concurrent measures 
regarding both students’ math achievement and prospective choice of higher 
education. 

Math achievement was expressed by means of two indicators: 
•	 Students’ mark in math at the first semester (ranging from 1 to 10) – 

reflecting the judgment of the teacher – using 6 (equal to passing grade) as 
cut-off in order to differentiate higher and lower performing students;

•	 Students’ math skills assessed by the standardized test – as objective meas-
ure of their math competence – indicating students who scored higher 
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than 75th percentile or lower than 25th percentile as higher or lower per-
forming respectively.

With regard to the prospective choice of higher education, a single item 
was used which examined students’ preferences for the type of secondary school 
they were going to attend in the future, including lycei (classic, scientific, linguis-
tic, human sciences, artistic, music and dance), technical institutes (economic, 
technological) and professional institutes (services, industry and handicrafts).

Consistently with the theoretical framework (Osborne, Simon, & Col-
lins, 2003; Lavonen et al., 2008), students choosing future scientific edu-
cation (in our case, scientific lyceum  3) were expected to score higher on 
ATLoSS compared with other groups.

3.3.6.  Reliability

ATLoSS was examined to assess the reliability of test scores. Internal con-
sistency was measured by Cronbach’s alpha correlation coefficient. Internal 
consistency is considered excellent when Cronbach’s alpha is greater than .9, 
good when it ranges between .8 and .9, acceptable between .7 and .8, ques-
tionable between .6 and .7, and poor when it is lower than .6.

4.  Results

Table 1 shows descriptive statistics and indexes of skewness and kurtosis for 
each item of the scale. No missing data were present. Based on these results, it 
could be concluded that normality assumptions were tenable because values 
for skewness and kurtosis between -1 and +1 are considered as acceptable in 
order to prove normal univariate distribution.

As earlier indicated, an EFA was conducted to test the dimensionality 
of the ATLoSS from a randomly chosen half of the sample (n = 9,218), and 
the remaining responses were saved for a CFA. In the initial EFA, one factor 
with eigenvalue greater than 1.0 was extracted which accounted for 71.05% 
of the variance of the original items. Parallel analysis confirmed that one factor 
should be retained because only the first eigenvalue (equal to 2.84) from 
our actual data set exceeded the 95th percentile of eigenvalues derived from 
random data sets (CI = 0.99, 1.05). Therefore, the results of this EFA was not 

	 3	 In the Italian education system this type of secondary school is traditionally dedicated 
to scientific studies and is designed to give students the scientific skills to progress to any uni-
versity or higher educational institution.
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rotated. The KMO of 0.82 verified the sampling adequacy for the EFA. Anti-
image correlation values for individual items were all > 0.80, which is well 
above the acceptable limit of 0.50. As shown in Table 2, overall factor loadings 
were satisfactory (from .74 to .81) and communalities ranged from .55 to .65. 

Table 1. – Distributional indexes of the ATLoSS items.

Item Range M SE SD SkewnessKurtosis
1.	I like attend lessons about scientific 

subjects
	 (Italian version: Mi piace seguire lezioni 

che riguardano materie scientifiche)

1-4 2.73 .007 .90 -.30 -.65

2.	There should be more hours of scientific 
subjects at school 

	 (Italian version: A scuola si dovrebbero 
fare più ore di materie scientifiche)

1-4 2.32 .007 .94 .22 -.85

3.	Scientific subjects are the most intere-
sting ones

	 (Italian version: Le materie scientifiche 
sono quelle più interessanti)

1-4 2.64 .007 .89 -.19 -.70

4.	I would like to learn more about scientific 
subjects

	 (Italian version: Mi piacerebbe imparare 
di più sulle materie scientifiche)

1-4 2.81 .006 .87 -.37 -.52

Note: SD = standard deviation; SE = standard error.

Table 2. – Loading for exploratory factor analysis of ATLoSS.

Item Loadings Communalities
1.	I like attend lessons about scientific subjects
	 (Italian version: Mi piace seguire lezioni che riguardano 

materie scientifiche)
.81 .65

2.	There should be more hours of scientific subjects at school 
	 (Italian version: A scuola si dovrebbero fare più ore 

di materie scientifiche)
.79 .63

3.	Scientific subjects are the most interesting ones
	 (Italian version: Le materie scientifiche sono quelle più 

interessanti)
.80 .63

4.	I would like to learn more about scientific subjects 
	 (Italian version: Mi piacerebbe imparare di più 

sulle materie scientifiche)
.74 .55

Note: Extraction method maximum likelihood. 
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To test the hypothetical structure of the scale extracted from EFA, a CFA 
with ML estimation was used on the second half of the sample (n = 9,218). 
The CFA confirmed the one-factor solution of the scale and indicated that 
the proposed model provided a good fit to the data according to the stand-
ards by Hu and Bentler (1995). The values of fit indexes are as follows: χ² 
(2) = 2.497, p = .287, NNFI = 1, CFI = 1, RMSEA = .005, SRMR = .002. The 
factor loadings were .77 (item 1), .82 (item 2), .82 (item 3) and .68 (item 4). 

With regard to measurement invariance (Table 3), the results demon-
strated that: both male and female sample had a good model fit; the con-
figural invariance model fitted the data reasonably well in both groups; 
factor loadings as well as intercepts were invariant across the male and female 
groups. No significant change occurred in fit indexes when comparing 
the configural, metric and scalar invariant model, because both ΔCFI and 
ΔRMSEA were smaller than the cut-off values. Taking these results together, 
it is suggested that measurement invariance holds across gender groups.

The ATLoSS total score was then used for subsequent validity and 
reliability analyses on the whole sample (n = 18,436). Consistenly with the 
theoretical framework, positive correlations with math academic self-concept 
and interest/enjoyment in math were detected; on the contrary, ATLoSS was 
negatively associated with test anxiety, despite to a very small extent (Table 4). 

Table 4. – Correlations between the ATLoSS total score and other measures.

  Pearson’s correlation p value
Math academic self-concept .185 < .001
Interest/enjoyment in math .350 < .001
Test anxiety  -.015 < .05

Then criterion-related validity was also confirmed. Student with better marks 
in math reported higher ATLoSS scores (M = 10.65, SD = 3.17) than those 
with worse marks (M = 10.22, SD = 3.43), t(4,930.341) = 6.78, p < .001. In 
addition, high performing students scored higher on ATLoSS (M = 11.08, 
SD = 3.14) compared to the low performing ones (M = 10.19, SD = 3.42), 
t(8,014.250) = 12.182, p < .001. Whereas, students who expressed their pref-
erence for scientific education in secondary school (30.1% chose scientific 
lyceum out of the total) showed higher ATLoSS scores (M = 11.96, SD = 
2.89) compared to students who indicated other preferences (M = 10.37, 
SD = 3.23), t(7,265.859) = 26.047, p < .001.

In regard to internal consistency, Cronbach’s alpha for the scale was 
good with a value of .864. The entire scale presented a mean of 10.50 and a 
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standard deviation of 3.04 units. The inter-item correlation was on average 
.614 and item-total correlation ranged from .677 to .734. No alpha improve-
ment could be gained by item deletion.

Independent-samples t-test showed a difference on ATLoSS scores 
by gender, with male students scoring higher (M = 10.82, SD = 3.35) than 
female ones (M = 10.31, SD = 3.07), t(18,389.107) = 10.848, p < .001.

5.  Discussion

In this study we developed and validated a bief scale to assess Attitude Toward 
Learning of Scientific Subjects (ATLoSS) in middle school students. The 
first step included the formulation of 12 items consistently with Cheung’s 
framework (2009), which covers four different domains: (1) Liking for lessons 
about scientific subjects; (2) Interest in scientific work at school; (3) Evaluative 
beliefs about school scientific subjects; and (4) Behavioral tendencies to learn 
scientific subjects. Face validity was tested and allowed the retention of four 
items which reflected the content of the original item pool. An initial EFA 
showed a one-factor solution and next CFAs confirmed good fit indexes for 
construct validity and measurement invariance (configural, metrical, scalar) 
across genders. The scale had high internal consistency (Cronbach’s α = .864).

Concerning convergent and discriminant validity, higher ATLoSS scores 
were associated with math academic self-concept and interest/enjoyment in 
math, as confirmed by previous research on attitudes toward scientific school 
subjects (Osborne, Simon, & Collins, 2003; Pekrun & Linnenbrink-Garcia, 
2014). Besides, a statistically significant but not meaningful negative cor-
relation was detected between test anxiety and attitude toward learning of 
scientific subjects; therefore, such a correlation cannot be taken into account 
and consistently discussed.

Criterion-related validity was also confirmed because the scale suc-
ceeded in differentiating higher and lower performing students, based on 
both marks in math (teacher evaluation) and test of math competence 
(standardized assessment). Besides, students who chose scientific education 
as preference for secondary school showed higher ATLoSS scores compared 
to students who indicated other preferences, thus suggesting a potential pre-
dictive power of ATLoSS which could be further examined in future research 
in educational guidance.

Some limitations of the study need to be acknowledged: the limited 
content focus of the scale does not consent to grasp the complex and multi-
faceted nature of students’ attitudes toward scientific subjects, such as the 
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development of an interest in pursuing a career in science or science related 
work. In addition, the lack of measures on science-related attitude or compe-
tence/achievement in the present study does not consent to provide exhaus-
tive evidence about convergent validity of this scale with other scientific 
school subjects different from mathematics.

However, the ATLoSS scale seems to be a valid and reliable measure 
which can provide relevant implications for both research and practice, con-
sistently with the general recommendations on large scale assessments in sci-
ence education (Britton & Schneider, 2007). It represents a brief and easy 
instrument which can be used in large scale student assessments, also through 
online surveys. Besides, teachers and educators can be provided with prelimi-
nary and quick information on their students’ attitudes which are relevant for 
academic achievement. In this sense, ATLoSS can serves as an initial screening 
tool for detecting students who might not benefit from scientific education 
in order to promote their sustainable learning. Given the association found 
between ATLoSS scores and academic achievement, this scale could – along 
with other measures – help differentiate among students who are low perform-
ing in school scientific subjects those who show less positive attitudes. In this 
sense, ATLoSS can serve as an important instrument to monitor the quality 
of teaching and the educational relationship with the class, so as to promote 
more involving activities based on real-life situations in scientific education. 
The relevance of attitudes toward scientific subjects can also be advocated in 
the light of the intercultural and interethnic contact between immigrant stu-
dents and autochthone students, which often characterizes the multilingual 
environments within the Italian schools. Indeed, the cross-cultural nature of 
scientific education has rich implications for developing new orientations to 
students’ difficulties, because it leads to the examination of new contributory 
factors and different pathways (Hawkins & Pea, 1987). Scientific learning – 
especially in mathematics – can be conceived as intercultural because it relies 
on an independent language and a shared formal thinking, which have to be 
acquired explicitly in order to be able to understand and actively use them 
(Prediger, 2001). Therefore, scientific subjects may symbolically represent a 
bridge between different cultures within formal learning contexts, as in the 
case of foreign language. In this regard, previous research has demonstrated 
that foreign language learning may reduce children’s ethnic prejudices and 
favor processes of social integration (Pirchio et al., 2017). As well, family 
foreign language learning creates a positive attitude toward multilingualism, 
thus developing better contextual conditions for multilingual education (Pir-
chio et al., 2015). From this perspective, future studies could explore the 
potential contribution of attitude toward scientific subjects to the develop-
ment of more collaborative and inclusive learning environments (Caputo & 
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Langher, 2015; Langher et al., 2016; Langher, Caputo, & Ricci, 2017), also 
in the light of the association between students’ perception of school climate 
and math achievement (Caputo, 2013).

References

Akman, B., İzgi, Ü., Bağçe, H., & Akıllı, H. İ. (2007). The effect of elementary 
students’ attitude toward science on their levels of test anxiety. Education and 
Science, 32(146), 3-11.

Argentin, G., Pennisi, A., Vidoni, D., Abbiati, G., & Caputo, A. (2014). Trying to 
raise (low) math achievement and to promote (rigorous) policy evaluation in 
Italy: Evidence from a large scale randomized trial. Evaluation Review, 38(2), 
99-132. doi: 10.1177/0193841X14529125

Blalock, C. L., Lichtenstein, M. J., Owen, S., Pruski, L., Marshall, C., & Toepper-
wein, M. (2008). In pursuit of validity: A comprehensive review of science 
attitude instruments 1935-2005. International Journal of Science Education, 
30(7), 961-977.

Britton, E. D., & Schneider, S. A. (2007). Large-scale assessments in science edu-
cation. In S. K. Abell & N. G. Lederman (Eds.), Handbook of Research on 
Science Education (pp. 1007-1040). Mahwah, NJ: LEA.

Caputo, A. (2013). Students’ perception of school violence and math achievement 
in middle schools of Southern Italy. Educational Assessment, 18(4), 269-284. 
doi: 10.1080/10627197.2013.846679 

Caputo, A. (2015). Le dimensioni motivazionali dell’apprendimento scolastico: uno 
studio correlazionale sul concetto di sé e gli stili di attribuzione [The moti-
vational patterns of school learning: A correlational study on self-concept 
and attributions]. Educational, Cultural and Psychological Studies (ECPS), 12, 
143-167. doi: 10.7358/ecps-2015-012-capu

Caputo, A., & Langher, V. (2015). Validation of the Collaboration and Support for 
Inclusive Teaching (CSIT) scale in special education teachers. Journal of Psych-
oeducational Assessment, 33(3), 210-222. doi: 10.1177/0734282914548335

Caputo, A., & Rastelli, V. (2014). School improvement plans and student achieve-
ment: Preliminary evidence from the Quality and Merit Project in Italy. 
Improving Schools, 17(1), 72-98. doi:10.1177/1365480213515800

Cheung, D. (2009). Developing a scale to measure students’ attitudes toward chem-
istry lessons. International Journal of Science Education, 31(16), 2185-2203.

Cheung, G. W., & Rensvold, R. B. (2002). Evaluating goodness-of-fit indexes for 
testing measurement invariance. Structural Equation Modeling, 9(2), 233-255.

Chiapetta, E. L., & Koballa, T. R. (2002). Science instruction in the middle and sec-
ondary schools (5th ed.). Upper Saddle River, NJ: Merrill Prentice Hall.

http://www.ledonline.it/ECPS-Journal/
https://doi.org/10.1177%2F0193841X14529125
https://doi.org/10.1177%2F0734282914548335


ECPS Journal – 16/2017
http://www.ledonline.it/ECPS-Journal/

73

A Brief Scale on Attitude Toward Learning of Scientific Subjects (ATLoSS)

Else-Quest, N. M., Mineo, C. C., & Higgins, A. (2013). Math and science attitudes 
and achievement at the intersection of gender and ethnicity. Psychology of 
Women Quarterly, 37(2), 293-309. doi: 10.1177/0361684313480694

Fabrigar, L. R., Wegener, D. T., MacCallum, R. C., & Strahan, E. J. (1999). Evaluat-
ing the use of exp-loratory factor analysis in psychological research. Psycho-
logical Methods, 4, 272-299. doi: 10.1037/1082-989X.4.3.272

Field, A. (2013). Discovering statistics using SPSS. London: Sage.
Fraser, J. B. (1981). Test of Science-Related Attitudes (TOSRA). Melbourne: Australian 

Council for Educational Research.
French, B. F., & Finch, W. H. (2006). Confirmatory factor analytic procedures for 

the determination of measurement invariance. Structural Equation Modeling, 
13(3), 378-402.

Gardner, K. J., & Qualter, P. (2011). Factor structure, measurement invariance and 
structural invariance of the MSCEIT V2.0. Personality and Individual Differ-
ences, 51(4), 492-496.

Gardner, P. L. (1975). Attitude to science: A review. Studies in Science Education, 2, 
1-41.

Gasiewski, J. A., Eagan, M. A., Garcia, G. A., Hurtado, S., & Chang, M. J. (2012). 
From gatekeeping to engagement: A multicontextual, mixed method study 
of student academic engagement in introductory STEM courses. Research in 
Higher Education, 53(2), 229-261.

George, R. (2000). Measuring change in students’ attitudes toward science over 
time: an application of Latent Variable. Journal of Science Education and Tech-
nology, 9(3), 213-225.

Hawkins, J., & Pea, R. D. (1987). Tools for bridging the cultures of everyday and 
scientific thinking. Journal of Research in Science Teaching, 24(4), 291-307.

Hu, L. T., & Bentler, P. M. (1995). Evaluating model fit. In R. H. Hoyle (Ed.), 
Structural equation modeling: Concepts, issues, and applications (pp. 76-99). 
Thousand Oaks, CA: Sage.

Hu, L. T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance struc-
ture analysis: Conventional criteria versus new alternatives. Structural Equa-
tion Modeling, 6, 1-55. doi: 10.1080/10705519909540118

Hutcheson, G. D., & Sofroniou, N. (1999). The multivariate social scientist: Intro-
ductory statistics using generalized linear models. Thousand Oaks, CA: Sage.

INVALSI (2010). Rapporto tecnico. Validazione del Questionario Studente per il Ser
vizio Nazionale di Valutazione [Technical Report: Validation of the Student 
Questionnaire for the National Evaluation Service]. Roma: INVALSI.

Irwing, P. (2012). Sex differences in g: An analysis of the US standardization sample 
of the WAIS-III. Personality and Individual Differences, 53(2), 126-131.

Kline, R. B. (2010). Principles and practice of structural equation modeling (3rd ed.). 
New York: Guilford Press.

http://www.ledonline.it/ECPS-Journal/


Andrea Caputo

ECPS Journal – 16/2017
http://www.ledonline.it/ECPS-Journal/

74

Klopfer, L. E. (1971). Evaluation of learning in science. In B. S. Bloom, J. T. Hast-
ings, & G. F. Madaus (Eds.), Handbook of formative and summative evalua-
tion of student learning (pp. 559-642). London: McGraw-Hill. 

Koballa, T. R., & Warden, M. A. (1992). Changing and measuring attitudes in the 
science classroom. In F. Lawrenz, K. Cochran, & J. Krajcik (Eds.), Research 
matters to the science teacher (pp. 75-83). Manhattan, KS: National Associa-
tion for Research in Science Teaching.

Koballa, T. R. (1988). Attitude and related concepts in science education. Science 
Education, 72, 115-126. 

Lakshmi, G. B., & Rao, D. B. (2003). Attitude toward science. New Delhi: Discovery 
Publishing House.

Langher, V., Caputo, A., & Ricci, M. E. (2017). The potential role of perceived sup-
port for reduction of special education teachers’ burnout. International Jour-
nal of Educational Psychology, 6(2), 120-147. doi: 10.17583/ijep.2017.2126

Langher, V., Ricci, M. E., Propersi, F., Glumbic, N., & Caputo, A. (2016). Inclu-
sion in Mozambique: A case study on a cooperative learning interven-
tion. Cultura Y Educaciòn: Culture and Education, 28(1), 47-71. doi: 
10.1080/11356405.2015.1120447 

Lavonen, J., Gedrovics, J., Byman, R., Meisalo, V., Jutti, K., & Uitto, A. (2008). 
Students’ motivational orientations and career choice in science and tech-
nology: a comparative investigation in finland and Latvia. Journal of Baltic 
Science Education, 7(2), 86-102.

Lee, J. (2009). Universals and specifics of math self-concept, math self-efficacy, and 
math anxiety across 41 PISA 2003 participating countries. Learning and 
Individual Differences, 19, 355-365.

Lepper, M. R. (1988). Motivational considerations in the study of instruction. Cog-
nition and Instruction, 5(4), 289-309. doi: 10.1207/s1532690xci0504_3 

Liebert, R. M., & Morris, L. W. (1967). Cognitive and emotional components of 
test anxiety: A distinction and some initial data. Psychological Reports, 20, 
975-978. doi: 10.2466/pr0.1967.20.3.975

Marsh, H. W., & Shavelson, R. J. (1985). Self-concept: Its multifaceted, hier-
archical structure. Educational Psychologist, 20, 107-125. doi: 10.1207/
s15326985ep2003_1

Martuza, V. R. (1977). Applying norm-referenced and criterion-referenced measurement 
in education. Boston, MA: Allyn & Bacon.

Mullis, I. V. S., Martin, M. O., Olson, J. F., Berger, D. R., Milne, D., & Stanco, 
G. M. (Eds.). (2008). TIMSS 2007 Encyclopedia: A guide to mathematics and 
science education around the world. Chestnut Hill, MA: Boston College.

Narmadha, U., & Chamundeswari, S. (2013). Attitude toward learning of science 
and academic achievement in science among students at the secondary level. 
Journal of Sociological Research, 4(2), 114-124.

http://www.ledonline.it/ECPS-Journal/
http://dx.doi.org/10.17583/ijep.2017.2126


ECPS Journal – 16/2017
http://www.ledonline.it/ECPS-Journal/

75

A Brief Scale on Attitude Toward Learning of Scientific Subjects (ATLoSS)

Nasir, M., & Kono, Y. (2004). Development and validation of constructivist learner 
scale (CLS) for elementary school science students. Educational Technology 
Research, 27(1-2), 1-7. 

Olsson, U. H., Foss, T., Troye, S. V., & Howell, R. D. (2000). The performance of 
ML, GLS, and WLS estimation in structural equation modeling under con-
ditions of misspecification and nonnormality. Structural Equation Modeling, 
7, 557-595. doi:10.1207/S15328007SEM0704_3

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes toward science: A review of 
the literature and its implications. International Journal of Science Education, 
25, 1049-1079. doi: 10.1080/0950069032000032199

Parkinson, J., Hendley, D., Tanner, H., & Stables, A. (1998). Pupil’s attitudes to 
science in Key stage 3 of the national curriculum: a study of pupils in South 
Wales. Research in Science and Technological Education, 16(2), 165-176.

Peat, J., & Barton, B. (2008). Medical statistics: A guide to data analysis and critical 
appraisal. London: BMJ Books.

Pekrun, R., & Linnenbrink-Garcia, L. (2014). International handbook of emotions in 
education. New York: Routledge.

Pell, T., & Jarvis, T. (2001). Developing attitude to science scales for use with chil-
dren of ages from five to eleven years. International Journal of Science Educa-
tion, 23(8), 847-862.

Pintrich, P. R., & De Groot, E. (1990). Motivational and self-regulated learning 
components of classroom academic performance. Journal of Educational Psy-
chology, 82(1), 33-50. doi: 10.1037/0022-0663.82

Pirchio, S., Passiatore, Y., Carrus, G., Maricchiolo, F., Taeschner, T., & Arcidia
cono, F. (2017). Teachers and parents involvement for a good school experi-
ence of native and immigrant children. Journal of Educational, Cultural And 
Psychological Studies, 15, 73-94. doi: 10.7358/Ecps-2017-015-Pirc

Pirchio, S., Taeschner, T., Colibaba, A. C., Gheorghiu & Zacharová, Z. J. 
(2015). Family involvement in second language learning: The Bilfam 
project. In S.  Mourão & M. Lourenço (Eds.), Early years second language 
education (pp. 204-217). Oxon: Routledge-Taylor and Francis. doi: 
10.4324/9781315889948

Poliandri, D., Cardone, M., Muzzioli, P., & Romiti, S. (2011). A rating scale 
model for a scale of test anxiety in Italy. Working Paper 11. Retrieved from 
National Institute for the Educational Evaluation of Instruction and Training 
(INVALSI) website: http://www.invalsi.it/download/wp/wp11Poliandri.pdf

Prediger, S. (2001). Mathematics learning is also intercultural learning. Intercultural 
Education, 12(2), 163-171. doi: 10.1080/14675980120064809

Reiss, M. J. (2004). Students’ attitudes toward science: A long term perspective. Cana-
dian Journal of Science, Mathematics and Technology Education, 4, 97-109.

Renmin, Y., Raymonds, W. R., Susan, T., & Hanxia, R. (1998). Student attitudes 
toward science learning: A cross-national study of American and Chinese second-

http://www.ledonline.it/ECPS-Journal/


Andrea Caputo

ECPS Journal – 16/2017
http://www.ledonline.it/ECPS-Journal/

76

ary school students. Paper presented at the Annual Meeting of the National 
Science Teachers Association, Las Vegas, NV, April 16-19. 

Schumacker, R. E., & Lomax, R. G. (2010). A beginner’s guide to structural equation 
modeling. Mahwah, NJ: Lawrence Erlbaum.

Shah, Z. A., & Mahmood, N. (2011). Developing a scale to measure attitude 
towardscience learning among school students. Bulletin of Education and 
Research, 33(1), 71-81.

Tanaka, J. S. (1993). Multifaceted conceptions of fit in structural equation models. In 
K. A. Bollen & J. S. Long (Eds.), Testing structural equation models (pp. 10-39). 
Newbury Park, CA: Sage.

TIMSS (1999). Trends in mathematics and science achievement around the world. 
http://timss.bc.edu/timss1999.htm

Weinburgh, M. H. (2000). Gender, ethnicity, and grade level as predictors of middle 
school students’ attitudes toward science. ERIC, ED442662.

Riassunto

Il presente lavoro intende sviluppare e validare una scala breve per la valutazione dell’atteg-
giamento verso l’apprendimento delle materie scientifiche (ATLoSS) e testarne l’invarianza 
per genere. La scala è stata validata su un campione italiano di 18,436 studenti (51% ma-
schi) di classe seconda della scuola secondaria di primo grado attraverso l’analisi fattoriale 
esplorativa e confermativa. La scala costituita da quattro item ha una buona consistenza 
interna con un alfa di Cronbach di .864 e mostra una struttura fattoriale unidimensionale 
invariante per genere. Evidenze di validità convergente e divergente emergono dalle asso-
ciazioni con ulteriori misure, in particolare con il concetto di sé scolastico in matematica e 
l’interesse/piacere per la matematica; inoltre, relazioni con l’apprendimento scolastico e la 
futura scelta del percorso di istruzione superiore supportano la validità di criterio. La scala 
rappresenta uno strumento breve e agile che può essere utilizzato nell’ambito della valuta-
zione degli studenti su larga scala, fornendo a insegnanti e educatori alcune informazioni 
preliminari sugli atteggiamenti degli studenti che sono rilevanti per il successo scolastico.

Parole chiave: Apprendimento, Atteggiamento, Matematica, Scienze, Scuola se-
condaria di primo grado.
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