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Abstract The current research evaluated the psychometric
properties of a questionnaire measuring Ist and 2nd grad-
ers’ attitudes toward school science (CASS). In Study 1,
an exploratory factor analysis revealed a two-factor struc-
ture, consisting of the ’enjoyableness’ and ’self-efficacy’
dimensions of school science. This analysis also provided
initial evidence of satisfactory internal consistency reli-
ability. In Study 2, confirmatory factor analysis showed
that the two-factor model provided a better fit than a uni-
dimensional structure and further supported the internal
consistency reliability of the instrument. Study 3 provided
strong evidence for test-retest reliability. Study 4 offered
promising evidence of construct validity by identifying a
positive and significant relationship between the ’enjoya-
bleness’ and ’perceived self-efficacy’ in school science and
leisure interest in science-related activities. Finally, Study 5
assessed the instrument’s responsiveness to an inquiry-based
intervention, showing that it can effectively detect changes
over time. Taken together, these findings suggest that the
proposed instrument, CASS, yields scores with adequate
validity and reliability, making it a reliable tool for assessing
young students’ attitudes toward school science and evaluat-
ing the effectiveness of educational interventions in the early
elementary school years.
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Introduction

The decline in positive attitudes toward science has
prompted the development of major educational efforts to
repair the leakages in the science pipeline (Jiang & McCo-
mas, 2015; for a review, see van den Hurk et al., 2019).
Despite the efforts, no significant improvements have been
made. Students are becoming increasingly disengaged from
science, and research suggests that by the end of elemen-
tary grades, it may be too late to stimulate their scientific
vocations (Maltese & Tai, 2011; Toma, 2024). Worldwide
research studies undertaken with students in late elemen-
tary and early secondary school demonstrate a consistent
trend: Students’ attitudes toward science decline as the aca-
demic year increases (Ali et al., 2013; Denessen et al., 2015;
DeWitt & Archer, 2015; Said et al., 2016).

This scenario is alarming across the world, especially
when considering the importance of scientific literacy for
making informed decisions, regardless of whether students
choose to pursue a science-related career or not. In other
words, positive attitudes toward science are also required for
making educated judgments and decisions on contemporane-
ous socio-scientific issues (Roberts & Bybee, 2014). As a
result, there is a call for increased attention to lower elemen-
tary grades (Miller, 2021). Such an endeavor, however, has
been hampered by the lack of appropriate and easy-to-use
measurement instruments for the assessment of attitudes
toward science in early grades (Blalock et al., 2008; Toma,
2021a, 2021b). Consequently, the purpose of this study is to
address this gap in the literature by describing the design and
psychometric evaluation of short, valid, and reliable instru-
ments that can be used with confidence in the 1st and 2nd
grades of elementary education.
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Theoretical Underpinnings

“Attitudes toward science” is a polysemous construct, often
conflated with interest or motivation. In the literature, there
is a general agreement in considering attitudes as “a psycho-
logical tendency that is expressed by evaluating a particular
entity with some degree of favor or disfavor” (Eagly & Mla-
dinic, 1993, p. 1). Hence, attitudes are a multidimensional
construct composed of cognitive (thoughts and beliefs),
affective (feelings and emotions), and behavioral (past and
future activities and experiences) components (Breckler,
1984; Potvin & Hasni, 2014; Toma & Lederman, 2022;
Tytler, 2014).

In science education research, a distinction is needed
between “scientific attitudes” and “attitudes toward science.”
The former refers to those characteristics common to sci-
entists and scientific endeavors, such as curiosity, objectiv-
ity, or critical-mindedness (Gardner, 1975). The latter is to
the evaluative judgments of different scientific-related atti-
tudinal objects, such as science as an enterprise, scientific
research, scientists, or school science, among many others
(Tytler, 2014; Tytler & Osborne, 2012). In this sense, Kob-
alla and Crawley (1985) defined attitudes toward science as
an enduring positive or negative feeling about science nearly
four decades ago. However, there is still a lot of ambiguity
today (Potvin & Hasni, 2014).

Uncertainty increases when attitudes toward science
instruments are reviewed. In this sense, researchers have
used many different dimensions thought to be measuring
attitudes toward science. Examples include, but are not lim-
ited to anxiety, career interest, normality of scientists, con-
trol beliefs, or emotional satisfaction (Bauer, 2008; Navarro
et al., 2016; Summers & Abd-El-Khalick, 2018). In addition,
there are also concerns about the overall quality of existing
measurement instruments. Blalock et al. (2008) warned that
many attitudinal instruments lacked the most basic evidence
of validity and reliability to be able to recommend their use.
Years later, Toma and Lederman (2022) reviewed attitu-
dinal instruments from 2008 to the present day, reaching
very similar conclusions. Thus, most of the instruments had
undergone little psychometric analysis and, some of them
widely used in several studies (e.g., ROSE), obtained a con-
tradictory latent dimensionality (Toma, 2021a, 2021b).

These same literature review studies have identified a
gap in instruments for the initial years of elementary school.
Except for the Leisure Time in Science (LeTiS) question-
naire (Pafios & Ruiz-Gallardo, 2021), which was developed
for the beginning years of elementary school, the majority
of the instruments for this educational stage are focused on
4 to 6th graders (for reviews, see Blalock et al., 2008; Toma
& Lederman, 2022). As mentioned, the exception to this pat-
tern is the recently published LeTiS instruments. Although
it is a conceptually sound measure producing scores with

substantial evidence of validity and reliability, its applica-
tion is limited to science during leisure time, hence not being
useful to assess the effectiveness of educational intervention
performed during school science classes. In this sense, many
investigations reveal that while students appreciate science
as a discipline, they reject school science (for reviews, see
Osborne et al., 2003; Tytler, 2014). In other words, there
is a need for an instrument focused on measuring the atti-
tude toward school science learning, which is the attitudinal
object of concern. This measure would make it possible to
evaluate the effectiveness of pedagogical changes in school
science and their possible impact on the improvement of
lower-elementary graders’ attitudes.

The Present Research

The current paper describes the psychometric evaluation of
a brief questionnaire that assesses the attitudes of 1st and
2nd-grade students toward school science, which was called
CASS (children’s attitude toward school science). This is an
instrumental research project that includes studies on the
psychometric properties of a new measurement instrument
(Ato et al., 2013). The significance of this research project
consists in filling the gap for valid and reliable attitude meas-
ures for elementary school students in lower grades.

To this end, the four-step procedure proposed by Nete-
meyer et al. (2003) was followed. During the first step
(construct definition), two authors of this study, with exten-
sive experience in attitudinal and psychometric research,
reviewed the established literature on attitudes and defined
the construct under study. Two overarching constructs were
chosen (i.e., enjoyableness and self-efficacy) since these are
some of the attitudinal dimensions most investigated (Ken-
nedy et al., 2016; Toma & Lederman, 2022).

In the second step (generating measurement items), the
authors developed an initial pool of 20 items which were
examined for clarity by a panel of 27 elementary school
teachers. Suggestions included adapting the language to
enhance comprehension and dropping long and difficult
items, such as “School science lessons are easier for me than
for my peers” or “My school science teacher considers that
I do well in school science.” This procedure led to the final
pool of 13 items that were administered to a large-scale sam-
ple for psychometric analysis. The panel also recommended
using a written response format (i.e., yes, so-so; no) rather
than an emoji response scale in gray; an emoji response scale
with red, yellow, and green colors; and a thumbs up—thumbs
down response format.

Following the reputable Standards for educational and
psychological testing (AERA et al., 2014), and the interna-
tional COSMIN taxonomy of measurement properties (Mok-
kink et al., 2010), the third (designing and conducting stud-
ies to refine the scale) and fourth step (finalizing the scale)
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consisted of assessing the instrument against structural, and
hypothesis-testing validity; internal consistency and tempo-
ral stability (test-retest); and responsiveness.

Study 1

The purpose of Study 1 was to examine the latent structure
of the proposed instrument using robust exploratory factor
analysis, which provides evidence of structural validity, i.e.,
the degree to which the scores are an adequate reflection of
the dimensionality of the attitude construct (Mokkink et al.,
2010, p. 743). Likewise, evidence for internal consistency
reliability was gathered, i.e., the degree of the interrelated-
ness among the items of a construct (Mokkink et al., 2010,
p. 743).

Participants

According to sample size recommendations for exploratory
factor analysis, an instrument with at least 6 variables per
factor and wide commonalities (0.20 to 0.80), a sample size
of 200 participants would result in robust solutions (Gaskin
& Happell, 2014). Hence, a total of 300 students from state-
funded (63.3%) and semi-private (36.7%) schools were sur-
veyed. The sample was drawn using convenience sampling
techniques from the urban area of Burgos, a city located in
north-central Spain (Cohen et al., 2018), yet an effort was
made to represent the educational milieu of such a context.
Almost half of the sample were girls (46%), and students
were aged 6 to 8 years old (M =6.94, SD =0.68).

Measures

The proposed questionnaire consisted of 13 items (Table 1).
Seven items were developed to measure the enjoyableness of
school science, and the remaining six items were intended
to measure self-efficacy.

Data Analysis

Responses were subjected to robust exploratory factor analy-
sis (EFA) using the maximum likelihood extraction proce-
dure with oblique Promax rotation, as this procedure pro-
vides more accurate results when constructs are conceptually
related (Gaskin & Happell, 2014; Roberson et al., 2014). Up
to three different factor retention criteria were used: Cattell’s
(1966) scree test, parallel analysis, and minimum average
partial (MAP) test (O’Connor, 2000). Items with loadings
below 0.32 or cross-loadings between factors were a candi-
date for removal (Tabachnick & Fidell, 2007).

Regarding evidence of reliability, the Cronbach alpha ()
and McDonald’s omega (®) were used as means of internal
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Table 1 The initial pool of items

Construct Items

School science lessons are...
i. Fun

ii. Of my interest

iii. My favorites

iv. I like them

In school science lessons...
v. I am very attentive

vi. I learn interesting things
vii. I have a good time

Enjoyableness

School science lessons are...
i. Difficult

ii. Complicated

In school science lessons...
iii. I make a lot of mistakes
iv. I learn things quickly

v. I know how to do it well
vi. I need help

Self-efficacy

It should be noted that the items were written in Spanish; therefore,
their translation into English is for reporting purposes and does not
have the same grammatical consistency

consistency reliability, the latter being more suitable for
Likert-type items (Hayes & Coutts, 2020; Peters, 2014).

All analyses were performed using SPSS v.25 (IBM,
2017), with the OMEGA macro for calculating McDonald’s
omega (Hayes & Coutts, 2020).

Results

The Kaiser—-Meyer—Olkin (KMO) measure of sampling
adequacy was 78 and passed Bartlett’s test of sphericity ()
(78)=1152.80; p <0.01), which confirms the suitability of
the dataset for factor analysis (Tabachnick & Fidell, 2007).
Cattell’s scree test indicated that a two-factor structure suits
best the data (Fig. 1). The decision to extract two factors was
further supported by the results of parallel analysis and MAP
(O’Connor, 2000), suggesting a two-factor latent structure.

The factor analysis with the maximum likelihood extrac-
tion method and oblique Promax rotation revealed that two
enjoyableness items (I am very attentive; I learn interesting
things) had low factor loadings (< 0.32). After the removal
of these items, a parsimonious structure was achieved, con-
sisting of two constructs explaining a total of 50.80% of the
item variance (Table 2). The first factor has an eigenvalue of
3.63 and is composed of 5 items measuring the “enjoyable-
ness of school science.” The second factor has an eigenvalue
of 1.96 and consists of 6 items measuring “self-efficacy in
school science.” These findings provide initial evidence for
structural validity.

Next, for the sake of parsimony and simplicity, the length
of the scales was reduced based on the following criteria: (i)
high factor loadings; (ii) different wording, thus representing
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4 Table 3 The reduced version of the scale
Factors
1 2
3
g Factor 1: Enjoyableness of school science
© I like them .84
g 2 Fun 80
qg’) I have a good time .76
w Factor 2: Self-efficacy in school science
1 I need help .80
I make a lot of mistakes 12
Difficult .65
0 Cronbach 83 67
12 3 4 5 6 7 8 9 10 11 12 13 McDonald .84 .67

Factor number

Fig. 1 Cattell’s scree test

Table 2 Results of exploratory factor analysis

Factors

1 2
Factor 1: Enjoyableness of school science
Fun .84
I like them .80
I have a good time .76
Of my interest 49
My favorites A48
Factor 2: Self-efficacy in school science
Difficult .80
Complicated 72
I need help .65
I make a lot of mistakes 49
I know how to do it well .36
I learn things quickly 32

construct breadth; (iii) maintaining adequate reliabilities
indices (> 0.60); and (iv) minimum of 3 items per construct
(DeVellis, 2017). Exploratory factor analysis and reliability
results of the reduced version are depicted in Table 3. The
reduced version explained a total of 68.52% of the variance
and both factors had high eigenvalues (2.57 and 1.54, respec-
tively) and great factor loadings. Likewise, internal consist-
ency reliability was adequate.

Summary
Study 1 examined the dimensionality of the proposed

instrument. Overall, findings suggest that enjoyable-
ness and self-efficacy in school science are two distinct

constructs that can be measured with only three items
while maintaining adequate reliability, particularly for
scales with few items and aimed at young respondents
(Newman & McNeil, 1998; Nunnally & Bernstein, 1994).

Study 2

The purpose of Study 2 was to assess the model fit of the
two-factor structure resulting from Study 1, thus providing
further evidence for structural validity in a new sample
of students. Likewise, internal consistency reliability was
calculated.

Participants

Sample size recommendations for confirmatory factor
analysis include at least 200 responses and a 7-to-1 partic-
ipant-to-item ratio (Kline, 2005; Mundform et al., 2005).
Therefore, the sample for this study comprised 282 stu-
dents from the urban area of Burgos. Of them, 163 and 119
were drawn from state-funded and semi-private schools,
respectively, using convenience-sampling techniques. Stu-
dents (47.2% of girls) were aged 6-9, with a mean age of
6.88 (SD=0.70).

Measures

The six-item attitudinal instrument from Study 1 was used.
The items of each factor were presented in an alternat-
ing manner: items 1, 3, and 5 (I like them; Fun; I have a
good time) represented enjoyableness. Items 2, 4, and 6 (I
need help; I make a lot of mistakes; Difficult) represented
self-efficacy.
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Data Analysis

Responses were subjected to confirmatory factor analysis
(CFA) with the maximum likelihood estimation method to
examine the model fit of two theoretical models. The first
model was composed of a unidimensional factor measuring
overall attitude toward school science. The second model
was based on the EFA results from Study 1 and consisted of
two, first-order factors measuring enjoyableness, and self-
efficacy in school. Each model was tested against three good-
ness-of-fit indices (Kline, 2005): (i) comparative fit index
(CFI) >0.90; (ii) Tucker—Lewis index (TLI) > 0.90; and (iii)
root mean square error of approximation (RMSEA)<0.08.
All analyses were performed using SPSS v.25 and AMOS
v.23 software (Arbuckle, 2014; IBM, 2017), with the
OMEGA macro for calculating McDonald’s omega (Hayes
& Coutts, 2020).

Results

The unidimensional latent structure had a poor model fit
(CFI=0.76; TLI=0.59; RMSEA =0.20) and loadings
below the minimum 0.32 cutoff (Fig. 2). Yet, the two-fac-
tor model had adequate model fit (CFI=0.98; TLI=0.96;
RMSEA =0.06) and high factor loadings (Fig. 3). Hence, the
unidimensional structure was dropped from further analyses.

The reliability of the two-factor structure was satisfac-
tory. Both Cronbach o and McDonald o were 0.79 and 0.66
for the enjoyableness and self-efficacy factors, respectively.

Summary

Study 2 confirmed the latent structure resulting from EFA
analyses in Study 1. Hence, the proposed instrument is

ltem 1
Item 3
overal Item 5
attitude m— ‘
Item 4
Item 6

Fig. 2 Standardized estimates for the unidimensional model
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Fig. 3 Standardized estimates for the two-factor model

consistent with theoretical expectations that attitudes toward
school science are a multidimensional construct composed
of affective (enjoyableness) and cognitive (self-efficacy)
dimensions. Taken together, Study 2 secured further evi-
dence for the structural validity and internal consistency reli-
ability of both scales in a new sample of students.

Study 3

Study 3 aimed at gathering evidence for the temporal stabil-
ity (test-retest) reliability of the proposed instrument, i.e.,
the extent to which scores for students who have not changed
are the same for repeated measurement over time (Mokkink
et al., 2010, p. 743). Such psychometric evidence would be
useful when using the instrument in studies with time-series
designs and several data collection phases (Toma & Leder-
man, 2022).

Participants

A convenience sample was drawn from state-funded schools.
A total of 107 students (45.8% girls), aged 6-8 (M =6.78;
SD=0.69), were surveyed on two occasions.

Measures and Procedure

The proposed six-item scale was used as described in Study
2. A ten-day span was used between the first and second
administration of the scale, as it is considered adequate for
computing test—retest reliability (Keszei et al., 2010). Atti-
tudes toward school science can change significantly over
time due to various factors. A shorter interval between tests,
sufficient to minimize recall effects, mitigates the influence
of these external factors. This approach leads to more sta-
ble assessments. The close timeframe allows researchers to
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obtain consistent measurements that reflect the short-term
stability of attitudes.

Data Analysis

ICC estimates and their 95% confidence intervals were cal-
culated based on a mean-rating, absolute-agreement, 2-way
mixed-effects model (Koo & Li, 2016). All analyses were
performed using SPSS v.25 (IBM, 2017),

Results

ICC estimates and their 95% confidence intervals were
0.83 (0.76-0.89) for the “enjoyableness” scale and 0.76
(0.65-0.84) for the “self-efficacy” scale.

Summary

Study 3 used a convenience sample of students who
responded to the questionnaire a second time ten days later
and gathered evidence for test—retest reliability. Specifi-
cally, ICC estimates and their 95% confidence intervals were
indicative of moderate to good test-retest reliability of the
proposed instrument (Koo & Li, 2016).

Taken together, the instrument produces reliable scores
when used in studies with time-series designs, allowing lon-
gitudinal studies to be conducted to unravel when leakage in
the scientific pipeline begins.

Study 4

The aim of Study 4 was to assess the construct validity of the
proposed instrument, i.e., the degree to which its scores are
related to scores of other instruments of conceptual conver-
gence (Mokkink et al., 2010). Thus, the relationship between
the enjoyableness and self-efficacy scales and two estab-
lished questionnaires measuring leisure interest and attitude
toward informal science activities was examined. The con-
struct “leisure interest in science” was used as a benchmark
to assess the concurrent validity of the CASS instrument for
two main reasons. First, students who enjoy science and find
it less difficult are more likely to engage with it voluntar-
ily during their free time, indicating that positive attitudes
toward school science might extend beyond the classroom.
Second, valid and reliable attitudinal instruments for young
Spanish-speaking students are limited. The LeTiS Instru-
ment (Pafos & Ruiz-Gallardo, 2021), with strong evidence
of validity and reliability, provides an ideal standard for
comparison.

Participants

The required sample size was determined for a two-tailed
Pearson correlation coefficient using G¥*Power 3 (Faul et al.,
2007). For alpha=0.05 and power =80%, a large (r=0.50)
and small (r<0.30) would require between 29 and 91 par-
ticipants. Hence, a total of 93 students (46.2% girls) drawn
using convenience sampling from state-funded schools
comprised the sample. Participants’ ages ranged from 6 to
8 years old (M =6.81, SD=0.71).

Measures
Attitudes Toward School Science

The proposed six-item scale, measuring enjoyableness and
self-efficacy, was used as described in Studies 2 and 3.

Leisure Time in Science (LeTiS)

The LeTiS pictographic scale was used to measure students’
attitudes toward science learning activities in informal envi-
ronments (Pafios & Ruiz-Gallardo, 2021). This questionnaire
consists of eight pictures representing science-related activi-
ties (e.g., looking at insects; reading books about animals
and plants; and a trip to a zoo and science museum). The
scale was designed for Spanish students aged 5-8 and was
found to produce results with robust validity and reliabil-
ity. It was administered using a three-point response option
(thumb up =3 points; thumb sideways =2 points; thumb
down=1).

Data analysis

Items of the enjoyableness and self-efficacy measures were
summed and divided by the total number of items in each
scale, thus obtaining values from 1 (minimum) to 5 (maxi-
mum). The same procedure was followed for the leisure time
in the science questionnaire. Next, the relationship between
all three scores was assessed using the Pearson correla-
tion coefficient, since the data passed assumption criteria
(Knapp, 2018).

Results

Both the enjoyableness of school science (r=0.21, p <0.05)
and self-efficacy (r=0.24, p <0.05) were significantly and
positively correlated with attitudes toward science learning
activities in informal environments.
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Summary

Study 4 gathered construct evidence for the proposed atti-
tude toward school science instruments. Consistent with the
hypothesis, scores of the enjoyableness and self-efficacy
scales were positively related to scores of a valid and reli-
able instrument measuring leisure interest in science-related
activities. While these results are in line with theoretical
expectations, it should be noted that both correlation coef-
ficients were small. Hence, while promising, the results of
concurrent validity are not conclusive and warrant further
studies.

Study 5

Study 5 aimed at assessing the responsiveness of the enjoy-
ableness and self-efficacy scales, which is defined as the
ability of the instrument to detect change over time in the
construct to be measured (Mokkink et al., 2010, p. 743).
Specifically, participants from Study 4 participated in an
inquiry-based educational intervention. Hence, this study
used a quasi-experimental, one-group, pretest—posttest
design (Shadish et al., 2002).

Inquiry teaching methodologies are well known for
improving students’ attitudes toward science (Aguilera &
Perales-Palacios, 2020; Demirel & Dagyar, 2016). Indeed, a
recent meta-analysis found a medium effect size for inquiry-
based teaching strategies (Aguilera & Perales-Palacios,
2020). Therefore, it was hypothesized that the intervention
would improve students’ enjoyment of school science and
their self-efficacy beliefs; if the proposed measurement
instrument can identify such a change in score, it is assumed
to be responsive to interventions.

Participants

The sample consisted of the same participants from Study
5. Yet, only 91 completed questionnaires were gathered
(2 students failed to provide post-test data). The required
sample size was determined for the related sample t test
using G*Power 3 (Faul et al., 2007). For alpha=0.05 and
power =80%, a medium (d=0.5) effect size, as reported in
previous meta-analyses of the literature (Aguilera & Perales-
Palacios, 2020), would require between 35 students. Hence,
Study 5 has adequate power.

Intervention
A short-term intervention was designed in line with the
Spanish curricula and the educational milieu. An 8-h unit

addressed the curricular content of minerals and rocks by
enacting a structured inquiry strategy wherein students
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investigated teacher-supplied research questions following a
prescribed procedure but not knowing the results in advance
(Banchi & Bell, 2008; Yanez-Pérez et al., 2024). Hence,
students engaged in different activities such as observation,
identification, description, and classification of materi-
als based on their elementary properties. In doing so, the
unit tackled the standard from the Spanish curricula named
“initiation to scientific activity,” which demands the use of
inquiry in all the courses of the elementary stage (LOMCE,
2013). Minerals and rocks were also highlighted for their
application and utility in everyday life. The didactic unit
concluded with an application activity that included a field
trip to identify minerals and rocks concerning the town of
Burgos’ city cultural heritage (e.g., churches, cathedrals,
historic buildings).

Measures

The proposed six-item scale, measuring enjoyableness and
self-efficacy, was used as described in Studies 2—4.

Data Analysis

Students’ responses were analyzed using a paired sample t
test after confirming that the data met the assumption criteria
(Knapp, 2018). This test focuses on the differences between
paired observations, such as posttest scores minus pretest
scores. A critical assumption of the t test is that these differ-
ences are normally distributed. In this study, this assumption
was satisfied, as the skewness and kurtosis values fell within
the + 3 cutoff range. A homogeneity of variance test was
unnecessary because the analysis involved the same group.

Results

Figure 4 reports the mean value for pretest and posttest
scores. Before the intervention, enjoyableness (M =2.67;
SD =0.58) and self-efficacy (M =2.35; SD=0.60) scores
were high. Following the intervention, both enjoyable-
ness (M =2.72; SD=0.52) and self-efficacy (M =2.48;
SD=0.51) scores improved. A paired sample ¢ test revealed
that the improvement for the enjoyableness scale was negli-
gible, #(90)= —1.14, p=0.27. Yet, changes in self-efficacy
score were statistically significant, #(90)= —2.56, p=0.01.

Summary

The purpose of Study 5 was to examine if the proposed
instrument could detect change over time. For this purpose,
students were subjected to an inquiry-based unit to improve
their attitudes toward school science (Aguilera & Perales-
Palacios, 2020). Overall, the proposed instrument revealed
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Fig. 4 Pretest and posttest means. Note:

(p>.05); * =significant (p <.05)

ns =non-significant

that students’ enjoyment and self-efficacy beliefs improved.
However, only the self-efficacy scores showed a statistically
significant improvement. The lack of statistically significant
changes in enjoyment could be explained by the ceiling
effect. Before the intervention, the students in this sample
had a high overall enjoyment score.

General Discussion and Conclusions

Many studies in recent years have found a decrease in stu-
dents’ attitudes toward science as school grades increase
(Aschbacher et al., 2014; DeWitt & Archer, 2015; Kennedy
et al., 2014). The "leakages in the science pipeline" meta-
phor is frequently used to explain this phenomenon. Despite
the availability of numerous attitudinal measurement instru-
ments, there was a scarcity of psychometrically sound meas-
ures for the lower grades of elementary education (Blalock
et al., 2008; Toma & Lederman, 2022). Improving young
students’ attitudes is critical for the development of success-
ful educational measures aimed at repairing pipeline leaks
(Miller, 2021).

Drawing on the tri-partite model of attitudes (Breckler,
1984) and building upon existing measures focusing on the
affective and cognitive components of attitudes (e.g., Xu
& Lewis, 2011; Zhang & Campbell, 2011), this research
project designed a questionnaire that produces valid and
reliable scores for 1st and 2nd elementary graders enjoya-
bleness of school science and self-efficacy beliefs in school

science. In line with the Standards for educational and psy-
chological testing (AERA et al., 2014) and the measurement
properties taxonomy of the COSMIN initiative (Mokkink
et al., 2010), the psychometric investigations conducted in
this research project indicated a two-factor latent structure
with a satisfactory model fit, indicating adequate structural
validity. Similarly, scores were associated with an existing
measure of conceptual convergence, indicating that the con-
struct validity of the test was promising. Internal consistency
coefficients for short scales directed at young respondents
were within acceptable limits in the reliability domain.
Moreover, the instruments exhibited good temporal stabil-
ity (test—retest), making it a good choice for research involv-
ing several data collection phases, i.e., longitudinal designs
or intervention studies with interrupted time-series designs
(Shadish et al., 2002). Finally, the proposed scales appear to
be responsive and capable of detecting changes in students’
scores following an educational intervention, particularly in
the domain of self-efficacy.

Implications

This work, taken together, results in a short questionnaire
with robust psychometric properties for measuring 1st and
2nd elementary graders’ attitudes toward school science.
Each dimension is measured with only three items and three
response options, making it appropriate for pupils aged 6 to
9. Because of its simplicity, the instrument can be utilized
without causing undue stress to teachers, increasing their
willingness to engage in research projects. It can also be
used in conjunction with other metrics to determine what
factors influence young children’s favorable attitudes toward
science in school.

Limitations and Avenues for Future Research

Several study limitations must be acknowledged. First, the
instrument is based on the tripartite model of attitudes,
which considers affective, cognitive, and behavioral ele-
ments in the formation of attitudes. However, only two
scales that measure affective and cognitive domains have
been proposed and tested against current validity and reli-
ability findings. This was done to align with other attitudi-
nal instruments that concentrate on such dimensions. An
instrument that measures behavioral intention to enroll/study
school science, on the other hand, would enable predictive
and correlational studies to disentangle the relationship
between the three components of attitudes.

Second, while structural validity and internal consist-
ency reliability (Studies 1 and 2) were collected for stu-
dents from both state-funded and semi-private schools
due to convenience sampling, the test-retest reliabil-
ity, the construct validity, and the responsiveness of the
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questionnaire were only examined for students from state-
funded schools. While semi-private schools in Spain are
likewise state-funded (but privately owned), and student
demographics are similar in both state-funded and semi-
private schools, further research on semi-private children
is needed to generalize the findings.

Third, the instrument’s construct validity is promis-
ing, but we expected stronger links between enjoyment,
self-efficacy, and leisure interest in science-related activi-
ties. There is a need for more research on the relationship
between the designed questionnaire and other existing
measures of conceptual convergence. However, the dearth
of reliable measurement instruments for young children
prevented such an approach. Indeed, a series of litera-
ture reviews of attitudinal instruments found that, over-
all, existing instruments had not been validated against
the essential validity and reliability properties to be used
with confidence (Blalock et al., 2008; Toma & Lederman,
2022).

Finally, the construct validity of the instrument is prom-
ising, but we expected higher correlations between enjoya-
bleness, self-efficacy, and leisure interest in science-related
activities. Additional studies further addressing the relation-
ship between the proposed questionnaire and other existing
measures of conceptual convergence are needed. Yet, such
an approach was hampered by the lack of existing robust
measurement instruments for young students. Indeed, a
series of literature reviews on measurement properties of
attitudinal instruments concluded that, overall, existing
instruments were not assessed against the necessary valid-
ity and reliability properties to use them with confidence
(Blalock et al., 2008; Toma & Lederman, 2022). This is an
important caveat in Spanish-related literature. Toma (2021a,
2021b) conducted a review of the most widely used attitude
instrument in Spain, determining that the evidence of valid-
ity and reliability found in the literature was insufficient and
well below current requirements.

While the CASS instrument offers valuable insights into
students’ affective and cognitive attitudes toward science,
addressing these limitations through future research and
instrument refinement would enhance its predictive power,
generalizability, and overall validity. Despite these limita-
tions, the proposed instrument is a promising tool for fill-
ing the gap in valid and reliable attitudes toward science
instruments in early primary school.
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