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KEYWORDS Abstract Introduction: Science motivation is important for students’ scientific literacy. Yet,
Secondary school, there is a lack of valid and reliable measurement tools for the Brazilian context. This study
intrinsic motivation, presents the Brazilian Portuguese version of the Science Motivation Questionnaire (SMQ-11) and
career motivation, motivational baseline data. Method: The instrument was translated into Brazilian Portuguese
grade motivation, using cross-cultural validation procedures. For structural validity evidence, the responses of
self-efficacy 646 secondary school students were subjected to exploratory and confirmatory factor analy-

sis, as well as measurement invariance. For reliability evidence, Cronbach’s alpha («) and
McDonald’s omega (w) were calculated. Students’ motivation was analysed using 2 (gender) x
4 (grade levels) x 3 (study modality) MANOVA. Results: 24 items measuring intrinsic motiva-
tion, career motivation, grade motivation, and self-efficacy supported a four-factor structure
with adequate reliability against the original five-factor structure (self-determination was not
salient). Measurement invariance was established across the gender and study modalities,
but not for grade levels. Higher-grade level Brazilian students were less motivated, and girls
reported higher intrinsic and career motivation, but lower self-efficacy than boys. Conclusion:
These findings lay the foundation for the assessment of Brazilian students’ science motivation,
although they also reveal problems in the latent structure of the SMQ-1l and call for the deve-
lopment of instruments rooted in contemporary motivational theories.
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Adaptacéo transcultural do Science Motivation Questionnaire Il (SMQ-Il) para alunos

PALABRAS CLAVE do ensino médio de lingua portuguesa do Brasil

Escola secundaria,

motivacdo intrinseca, Resumo Introdugdo: A motivacdo cientifica € importante para a alfabetizacdo cientifica dos
motivacao de carreira, estudantes. No entanto, ha uma falta de ferramentas de medicdo validas e confiaveis para o
motivacdo de série, contexto brasileiro. Este estudo apresenta a versao em portugués brasileiro do Questionario
auto-eficacia de Motivacao Cientifica (SMQ:Il) e dados de base motivacionais. Método: O instrumento foi

traduzido para o portugués brasileiro utilizando procedimentos de validacdo transcultural.
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Para construir provas de validade, as respostas de 646 alunos do ensino médio foram submeti-
das a analise exploratoria e confirmatoria de fatores, bem como invariancia de medidas. Para
a evidéncia de confiabilidade, foram calculados o alfa de Cronbach («) e o0 6mega de McDo-
nald’s (w). A motivacdo dos estudantes foi analisada usando 2 (género) x 4 (notas) x 3 (moda-
lidade de estudo) MANOVA. Resultados: 24 itens medindo a motivacdo intrinseca, motivacao
de carreira, motivacdo de grau e auto-eficacia suportaram uma estrutura de quatro fatores
com confiabilidade adequada contra a estrutura original de cinco fatores (a autodeterminacao
nao foi saliente). A invariancia da medicao foi estabelecida através de género e modalidade
de estudo, mas nado para o nivel de nota. Os estudantes brasileiros de grau superior estavam
menos motivados, e as meninas relataram maior motivacao intrinseca e de carreira, mas me-
nor auto-eficacia do que os meninos. Concluséo: Estas descobertas abrem o caminho para a
avaliacdo da motivacao cientifica dos estudantes brasileiros, mas também revelam problemas
na estrutura latente do SMQ-Il e exigem o desenvolvimento de instrumentos enraizados em
teorias motivacionais contemporaneas.

© 2023 Fundacion Universitaria Konrad Lorenz. Este es un articulo Open Access bajo la licencia

CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Concerns regarding the scientific literacy of students
and the need to reduce the gender gap in science have
been raised globally (Carrasquilla et al., 2022). This is a
particularly pressing issue in the Brazilian context. Accor-
ding to the latest report of the Programme for International
Student Assessment (OECD, 2019; PISA 2018), only 1% of stu-
dents achieved the highest level of proficiency in science,
with overall scores far below the OECD average. Similar-
ly, the science achievement of Brazilian students lags far
behind that of other Latin American countries. Given that
the affective variable, such as attitudes and motivation im-
proves performance and has a positive impact on career
decisions (Bidegain & Lukas Mujika, 2020; Lupion-Cobos et
al., 2019; Wigfield & Eccles, 2020), its promotion is, the-
refore, an important goal for the science literacy agenda
in Brazil. However, research in the Brazilian context has
largely neglected such a construct, and the development
of a valid and reliable motivation instrument has yet to be
undertaken. Therefore, this study describes the cross-cul-
tural adaptation of the Science Motivation Questionnaire I
(SMQ-II, Glynn et al., 2011) to Brazilian Portuguese and pro-
vides baseline data for Brazilian high school students, who
are going through a moment where science career aspira-
tions are established (Maltese & Tai, 2011). The rationale
for choosing the SMQ-Il and its theoretical underpinnings
follows below.

Defining motivation

Motivation is an umbrella term used to refer to the inter-
nal state that arouses, directs, and sustains goal-oriented
behaviour (Glynn et al., 2009; Schumm & Bogner, 2016).
It is regarded as a multidimensional construct that inte-
racts with cognition to influence learning (Potvin & Hasni,
2014; Taasoobshirazi et al., 2016). Important components
of motivation include, but are not restricted to, intrinsic
and extrinsic motivation, self-determination, self-efficacy,
and task-values orientation (Anderman, 2020; Glynn et al.,
2011; Ryan & Deci, 2000; Velayutham et al., 2011; Wigfield
& Eccles, 2020). The study of students’ science motivation
is a longstanding effort (Pintrich, 2003; Potvin & Hasni,
2014; Wigfield & Eccles, 2000, 2020). Motivation is regarded

as an important trait influencing science academic success
and career aspirations (Aeschlimann et al., 2016; Guo et
al., 2015; Wang, 2013). Hence, the search for appropriate
instruments to measure science motivation has received
increased attention in recent years (Appianing & Van Eck,
2018; Fortus & Vedder-Weiss, 2014; Glynn et al., 2011; Koso-
vich et al., 2015; Tuan et al., 2005; Velayutham et al., 2011,
Toma & Meneses-Villagra, 2020; for reviews, see Potvin &
Hasni, 2014; Toma & Lederman, 2022).

The Science Motivation Questionnaire

The Science Motivation Questionnaire (SMQ) is widely
regarded as one of the highest-quality instruments of its
kind, and it is arguably one of the most commonly used
instrument in science education research to measure moti-
vation (Ardura & Pérez-Bitrian, 2018; Salta & Koulougliotis,
2015, 2020; Schumm & Bogner, 2016). It was designed to
examine the science motivation of undergraduates by elu-
cidating why students strive to learn science, how inten-
sively they strive, and the feelings and emotions aroused
in this process (Glynn et al., 2007, 2009). The pursuit of
a psychometrically valid and reliable instrument resulted
in the development of a second version (SMQ-Il, Glynn et
al., 2011). According to Glynn et al. (2007, 2009, 2011) the
SMQ-1I was developed within the theoretical framework of
social-cognitive theory and refined based on exploratory
factor analysis results, yielding five central constructs: (i)
intrinsic motivation, which refers to inherent satisfaction in
learning science for the sake of learning science; (ii) career
motivation; (iii) grade motivation, which involves learning
science as means to an end, thus representing extrinsic mo-
tivation; (iv) self-determination, which represents students’
beliefs that they control their learning of science; and (v)
self-efficacy, which denotes students’ belief that they can
succeed in science.

The framework makes use of intrinsic and extrinsic mo-
tivation, self-determination theory, and self-efficacy, with
reference to Bandura (2001) and Ryan and Deci (2000).
As motivation is a latent construct that cannot be direct-
ly observed, such theories could be used as interpretive
frameworks for the motivational measures in the SMQ-II.
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Glynn et al. (2007, 2009, 2011) did not, however, explain
the deeper theoretical rationale behind the items included.
As a result, the wording of the self-determination construct
is inconsistent with Ryan and Deci’s (2000) conceptualisa-
tion of intrinsic motivation, which is unrelated to the con-
cept of effort (e.g., Item 22. | study hard to learn science)
or spending time on a task (e.g., Item 11. | spend a lot of
time learning science). It should be noted in this regard that
self-determination items were originally designed to assess
responsibility for learning science (Glynn et al., 2009). This
may explain why some studies failed to reproduce the ins-
trument’s original factor structure (Komperda et al., 2020;
Yamamura & Takehira, 2017), which will be explored as fo-
llows below.

Cultural adaptations of the Science Motivation
Questionnaire Il

The SMQ-Il has been extensively used and adapted to
many countries and languages, including Turkey (Tosun,
2013), Greece (Salta & Koulougliotis, 2015), South Korea (Ha
et al., 2016), Germany (Schumm & Bogner, 2016), Japan (Ya-
mamura & Takehira, 2017), Spain (Ardura & Pérez-Bitrian,
2018), and Indonesia (Prasetya & Ridlo, 2018). Overall, the
research gathered evidence that the SMQ-Il can be used
with secondary school and undergraduate students. Yet,
the factor structure and length of the questionnaire varied
across contexts. For example, the Japanese version only
consists of four dimensions and 13 of the original 25 items.
Among the adaptations that retained the original five-fac-
tor structure, several items were dropped from the Turkish,
German, and Indonesian versions (Prasetya & Ridlo, 2018;
Schumm & Bogner, 2016; Tosun, 2013). Similarly, when the
SMQ-1l was adapted to specific science-related disciplines,
such as chemistry and biology, several items were proble-
matic and thus removed (Komperda et al., 2020). Despite
such differences in questionnaire length, the widespread
use of the SMQ-1l proved useful, revealing important trends
in students’ science motivation. On the one hand, girls
have higher self-determination than boys, but the results
for self-efficacy and intrinsic motivation in science are the
opposite (Ardura & Pérez-Bitrian, 2018; Glynn et al., 2011;
Salta & Koulougliotis, 2015; Schumm & Bogner, 2016). On
the other hand, as the school grade level increases, there
is an overall decrease in motivation for science (Salta &
Koulougliotis, 2015).

The present study

The Standards for educational and psychological testing
conclude that adequate measurement properties of instru-
ments are critical for achieving high-quality results and re-
search trustworthiness (AERA et al., 2014). Reviews of the
literature on measurement instruments for science educa-
tion fell short of identifying motivational instruments for
the Brazilian context (Blalock et al., 2008; Potvin & Hasni,
2014; Toma & Lederman, 2022). As a result, this study aims
to cross-culturally adapt the SMQ-II to Brazilian Portuguese
and assess the motivation of high school students. The SMQ-
Il was chosen for several reasons: (i) it measures core moti-
vational constructs rooted in longstanding theories such as

self-determination theory or social-cognitive theory; (ii) its
short length and easy administration and scoring procedure
reduces data-collection burden and respondent fatigue; and
(ifi) it is a widely used instrument and has been adapted
to more than eight different languages, hence allowing for
international comparisons. This endeavour is significant be-
cause it fills a gap in the Brazilian literature for high-quality
measurement tools. It also contributes to a better unders-
tanding of Brazilian students’ motivation, allowing for the
identification of aspects that require educational interven-
tions if scientific literacy is to be pursued.

Method

This is an instrumental type of research, which refers to
studies analysing the psychometric properties of measure-
ment instruments (Ato et al., 2013). It adopts a cross-sec-
tional design and uses convenience sampling techniques
(Cohen et al., 2018).

Participants

Heuristics for determining the sample size for factor
analysis, such as a 10-to-1 participant-to-variable ratio, are
discouraged (Ferrando et al., 2022; Lloret-Segura et al.,
2014; Mundform et al., 2005). Current recommendations
consider the number of variables/items per factor and the
magnitudes of item communalities. The SMQ-Il is compo-
sed of five items per factor and has a five-factor solution,
and previous research reported high communalities ranging
between .60 and .80 (Schumm & Bogner, 2016). Therefore,
a sample size of approximately 260 participants for each
exploratory and confirmatory factor analysis would produce
accurate estimates (Gaskin & Happell, 2014; Mundform et
al., 2005).

The sample was drawn from the Federal Institute of Ed-
ucation, Science and Technology of Rio Grande do Norte
(IFRN), located in the city of Pau dos Ferros, Brazil. IFRN’s
are institutions promoted by the Federal Government of
Brazil since 2008 to offer specialised vocational and tech-
nological education. It consisted of 646 students enrolled
in the 15t (31%), 2" (28.9%), 3" (27.1%), and 4™ (13%) grades
of secondary school, with a mean age of 16.15 years (SD
= 1.29). They were equally representative of the different
study modalities: nutrition (34.5%), apiculture (31.6%), and
computer science (33.9%). Half of the students declared be-
ing girls (50%), and several of them (9%) did not indicate
their gender.

Translation of the questionnaire

The SMQ-Il was translated to Brazilian Portuguese using
cultural validation methods (Beaton et al., 2000). Two bi-
lingual university professors with Brazilian Portuguese as
their native language and a high level of English proficien-
cy worked independently. The first one forward translated
the items from English to Portuguese. The second profes-
sor, blinded to the original instrument, back-translated the
questionnaire into English. Then, the four authors of this
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study and the two professors jointly reviewed the equiva-
lence between the two versions, ensuring that the Brazilian
Portuguese version is an adequate reflection of the original.

Prior to large-scale administration, a group of eight Bra-
zilian secondary school teachers reviewed the translated
questionnaire and a pilot study was conducted with 30 stu-
dents enrolled in 1st grade of secondary school. This pro-
cess led to minor changes in vocabulary to accommodate
items within the Brazilian context. The word “relevant”
was replaced with “important” (item 1); “coloco bastante
esforco” was adapted to “me esforco bastante” (item 5);
“con hecer ciéncia” was changed to “ter conhecimento em
ciéncia” (item 10); and “uma nota alta” was specified as
“uma nota 10” (items 8 and 18).

During this process, the final instrument was obtained
and administered in paper-and-pencil format to a large
sample using Glynn et al.’s (2011) five-option Likert-type
response (Never; Almost never; Sometimes; Almost always;
Always). Informed consent was secured from the parents or
legal custodians of all students. Participants were informed
that participation was voluntary, anonymous, and would
not affect school grades.

Data analysis plan

Psychometric properties

The Standards for educational and psychological testing
define validity as the “degree to which evidence and theory
support the interpretation of test scores for proposed uses
of tests” and is regarded as the most fundamental consi-
deration in developing tests (AERA et al., 2014, p. 11). It is
considered a unitary concept with several types of evidence
based on the test content, internal structure, or relations to
other variables (convergent and concurrent evidence). This
study focuses on the internal structure of the test scores,
traditionally referred to as structural validity, which deter-
mines whether the various components of the questionnai-
re are homogeneous and distinct from each other (p. 16).

Since previous studies adapting the SMQ-Il reported a
different factorial structure than the original version, the
internal structure of the Brazilian Portuguese version was
assessed in two stages by randomly splitting the sample
into two groups (Ferrando et al., 2022; Lloret-Segura et al.,
2014). Responses from the first subgroup (n = 327) were sub-
jected to robust exploratory factor analysis (EFA). Extant
research suggests that factors are moderately correlated;
hence, Maximum Likelihood with Direct Oblimin rotation
was used (Ferrando et al., 2022; Gaskin & Happell, 2014;
Lloret-Segura et al., 2014), which is also a procedure best
suited for ordinal, Likert type of data. Factor retention was
determined based on Cattell’s scree test, Horn’s parallel
analysis, and Velicer’s MAP test, which are the most recom-
mended criteria (Gaskin & Happell, 2014; O’Connor, 2000).
Items with factor loadings below .32 or with cross-loadings
between factors above .32 were removed (Tabachnick & Fi-
dell, 2007). Informed by Ferrando and Lorenzo-Seva (2018),
the quality and appropriateness of the factor solution were
assessed based on the strength and replicability of the fac-
torial solution (generalised H index > .80), the determinacy
and accuracy of the individual score estimates (FDI > .90),

and the closeness to unidimensionality index (UniCo < .95;
ECV < .85). Inter-factor correlation matrices with correla-
tions below .80 would suggest discriminant validity for each
factor, while factor intercorrelations above .80 imply poor
discriminant validity (Watkins, 2018). FACTOR (v.10.10.03)
software was used (Lorenzo-Seva & Ferrando, 2006).

Successively, responses from the second subgroup (n =
319) were subjected to confirmatory factor analysis (CFA) to
assess the model fit of the factorial structure indicated by
EFA results. Mardia’s coefficient of 716.67, p < .01 indicated
a violation of multivariate normality. Thus, the unweigh-
ted least squares estimation method was used and model
fit was assessed against consensual goodness-of-fit indices
for non-normality data (Harrington, 2009): normed fit index
(NFI > .95); adjusted goodness-of-fit index (AGFI > .90); and
root mean square residual (RMR < .08). Amos (v.23) softwa-
re was used (Arbuckle, 2021). Configural, metric, and sca-
lar invariance testing was conducted to examine whether
the latent structure and factor loadings are equivalent and
whether they measure the same aspect across gender (girls
and boys), grade level (Ist to 4th grades), and study mo-
dality (nutrition, apiculture, and computer science). Based
on common recommendations (Byrne, 2016), invariance was
assessed against the cutoffs described above, a nonsigni-
ficant change in Ay?, and a change in CFl < .01, since the
former is very sensitive to sample size.

Finally, responses from both subgroups (n = 646) were sub-
jected to reliability analysis. Cronbach’s Alpha («) and McDo-
nald’s Omega (w) were calculated for each unidimensional
factor as an index of internal consistency reliability, the lat-
ter being much more appropriate for ordinal items (Hayes &
Coutts, 2020). Values above .70 were considered acceptable.

Brazilian students’ science motivation

Baseline scores for secondary school Brazilian students’
motivation in science were established using a 2 (gender)
x 4 (grade levels) x 3 (study modality) multivariate analy-
sis of variance (MANOVA) on sum scores (Widaman & Reve-
lle, 2023) since the SMQ-Il factors are conceptually related
(Glynn et al., 2011; Salta & Koulougliotis, 2015; Schmid &
Bogner, 2017).

Results

Validity based on internal structure evidence.

The mean values for each item ranged from 2.91 to 4.47,
with eight items (32%) having a mean value greater than
four. Given a Likert scale with five response options, there
are no floor or ceiling effects.

The Kaiser-Meyer-Olkin (KMO) measure of sampling ade-
quacy was marvelous (.91) and Bartlett’s test of sphericity
was significant (y? = 6479.02, p < .01), indicating an adequa-
te correlation between the items for factor analysis. Catte-
s scree test revealed a significant drop at the fifth factor,
suggesting that a four-factor structure accounts for most of
the variance. Likewise, Horn’s parallel analysis and Velicer’s
MAP test suggested that four factors were present in the
data. Hence, four factors were extracted.
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Direct oblimin rotation indicated that item 1 (The science .89, .94, and .95 for each construct, respectively, indicating
| learn is relevant to my life) had a weak loading and low com- that factor scores can be used for individual assessment;
munality (< .32). Removal of item 1 yielded a parsimonious and (iii) UniCo was .94 and ECV was .82, indicating that the
structure explaining 53.91% of the variance (Table 1). In- questionnaire should not be treated as unidimensional.
ter-factor correlation matrix showed correlations below .80, The four-factor model was further supported by the re-
indicating discriminant validity between factors (Table 2). sults of CFA, indicating good model fit (NFI = .97, AGFI = .98,
Quality of factor solution indices met established criteria: RMR =.05) and strong standardised factor loadings (Figure 1).
(i) H index was .83, .79, .86, and .90 for each construct, Since the self-determination construct was not salient, with
respectively, suggesting well-defined latent variables which such items loading into the intrinsic motivation factor, a
are more likely to be stable across studies; (ii) FDI was .91, three-factor model (Figure 2) was further submitted to CFA,

Table 1. Pattern matrix for exploratory factor analysis

SMQ-Il items Factors
i ii iii iv

i. Intrinsic motivation

5. | put enough effort into learning science .725 -147 .077 -.140
22. | study hard to learn science .685 -.076 -.056 -.067
11. I spend a lot of time learning science .567 -.045 -.040 -.018
19. | enjoy learning science .542 .046 a1 155
06. | use strategies to learn science well .540 .002 .020 -.039
16. | prepare well for science tests and labs .500 -.088 101 .073
03. Learning science is interesting .491 .099 -197 .015
12. Learning science makes my life more meaningful .439 186 -.076 .016
17. | am curious about discoveries in science .407 .054 .039 189
ii. Career motivation

13. Understanding science will benefit me in my career -.050 .876 .024 .029
10. Knowing science will give me a career advantage -.110 .783 .048 .035
07. Learning science will help me get a good job -.080 T77 .020 -.053
23. My career will involve science 167 .576 -.003 .045
25. | will use science problem-solving skills in my career .220 471 .024 .050
iii. Grade motivation

08. It is important that | get an “A” in science -.146 .000 J41 .066
04. Getting a good science grade is important to me .078 .000 641 -.071
24. Scoring high on science tests and labs matters to me -.011 132 .640 .065
20. | think about the grade | will get in science .220 -.029 410 -.038
02. | like to do better than other students on science tests 114 .042 .335 102
iv. Self-efficacy

09. | am confident | will do well on science tests -132 -.083 .081 .693
21. | am sure | can understand science .035 -.067 -.054 .671
14. | am confident | will do well on science labs and projects -.035 .097 .015 .620
15. | believe | can master science knowledge and skills 128 .023 -.107 .611
18. | believe | can earn a grade of “A” in science .055 -.021 105 .603
Eigenvalues 7.83 1.91 1.75 1.45
Variance explained (%) 32.61 7.96 7.31 6.03

Notes: the wording of the original items is shown; loadings above 0.32 are shown in bold for readability reasons.

Table 2. Inter-factors correlation matrix

Factor i ii ii iv
i. Intrinsic motivation
ii Career motivation .65
iii. Grade motivation .51 41

iv. Self-efficacy .63 48 .33
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Figure 1. Standardised estimates for the four-factor model
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also indicating a good model fit (NFI = .97, AGFIl = .97, RMR
= .6). These results suggest that a shorter, 3-factor model
of the questionnaire without the self-determination and
intrinsic motivation items could also be used to measure
students’ science motivation. In the remaining analysis, we
use the 4-factor model since it is more comprehensive and
displayed slightly better model fit than the 3-factor one.
Next, since sum scores will be used to analyse students’
motivations, justification for the unidimensional nature of
each scale was provided (Widaman & Revelle, 2023). Hence,
confirmatory factor analysis was conducted for each of the
unidimensional models, with adequate model fit (Table 3).
Likewise, the standardised factor loadings for the unidimen-
sional models were strong (Figure 3), supporting that each
scale is unidimensional and only measures one construct.
The results of configural invariance yielded a good mo-
del fit across gender (NFI = .95, AGFl = .96, RMR = .07),

.50

Figure 2. Standardised estimates for the three-factor model
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grade level (NFI = .94, AGFI = .95, RMR = .08), and study
modality (NFI = .94, AGFI = .95, RMR = .08). These findings
indicate equal factor structures across groups.

Findings of metric invariance yielded a non-significant
change in Ay? and a CFl < .01 across gender (Adf = 20, Ay?
16.44, p = .69; ACFI = .002), grade level (Adf = 60, Ay? =
79.97, p = .04; ACFI = .006), and study modality (Adf = 40,
Ay? = 38.86, p = .52; ACFI = .001), indicating that factor
loadings are equal across groups.

Finally, scalar invariance was also established for gender
(Adf = 20, Ay? = 43.96, p = .002; ACFI = .009), and study mo-
dality (Adf = 44, Ay? = 5.74, p > .05; ACFI = .02), but not for
grade level (Adf = 68, Ay? = 122,992, p < .001; ACFI = .08);
hence, findings of comparison in motivation between grade
level should be interpreted with caution.
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Figure 3. Unidimensional-model for each construct
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Reliability

Students’ responses to each factor were found to produ-
ce reliable results. Cronbach’s « were .85 (intrinsic motiva-
tion), .86 (career motivation), .75 (grade motivation), and
.80 (self-efficacy). McDonalds’ ® were similar, with values
of .86, .81, .72, and .82, respectively.

Students’ science motivation

Students in this sample reported moderate levels of mo-
tivation: intrinsic motivation (M = 3.61; SD = .65); career
motivation (M = 3.89; SD = .89); grade motivation (M = 3.88;
SD = .74), and self-efficacy (M = 3.54; SD = .71). MANOVA re-
vealed no tertiary or secondary interaction effect between
gender, grade level, and study modality (p > .05). Yet, there
was a statistically significant main effect in the combined
SMQ-II dependent variables for gender, F (4, 561) = 15.34, p
< .01; Wilks’ Lambda = .90; n 2 = .10, and grade level F (12,
1484.56) = 5.05, p < .01; Wilks’ Lambda = .90; n,? = .04.

Post-hoc univariate analysis revealed that girls reported
significantly higher levels of intrinsic motivation (F (1, 564) =
5.65, p = .02, n,2= .01) and career motivation (F (1, 564) =
11.98, p < .01, n,*= .02) than boys. Opposite results for the
self-efficacy variable were identified (F (1, 564) = 16.38,
p < .01, n,2=.03). A small effect size was detected for all
differences (Table 4).

Regarding the grade level variable, statistically signi-
ficant differences were found for the intrinsic motivation
(F (3, 564) = 3.35, p = .02, n,>= .02) and grade motivation
(F (3, 564) = 14.69, p < .01, n,2= .07) variables. A post-hoc
univariate analysis with Bonferroni correction revealed that
first year students reported significantly higher intrinsic and
grade motivation than third and fourth year students, with
small and medium effect sizes, respectively (Figure 4).

Discussion

In recent years, research has paid increasing attention
to the motivation construct. Yet, there is no valid and ac-
curate instrument for assessing the science motivation of
Brazilian high school students. Therefore, the purpose of
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this study was to examine the psychometric properties of
the SMQ-Il (Glynn et al., 2011) regarding secondary-school
students speaking Brazilian Portuguese, and to provide ba-
seline data for their science motivation. Overall, students’
responses to the Brazilian Portuguese version of the instru-
ment exhibited evidence of structural validity and internal
consistency reliability and thus serves as a promising instru-
ment that measures four constructs related to science mo-
tivation in this population. Examining students’ responses,
on the other hand, revealed a moderate level of motivation
that tends to decline in the upper grades, as well as gender
disparities worth mentioning.

Figure 4. Descriptive statistics by grade level variable
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Note: Intrinsic motivation (IM); Career motivation (CM); Grade
motivation (GM); Self-efficacy (SE).

In terms of translation, the use of cross-cultural adapta-
tion procedures and a pilot study with the target population
indicated that the items of the SMQ-Il in Brazilian Portu-
guese were accurately understood by secondary school stu-
dents while sustaining an adequate representation of the
original version. Next, exploratory and confirmatory factor
analysis provided evidence of validity and supported the
existence of a simple structure composed of four, well-defi-
ned and parsimonious underlying factors measuring science
intrinsic motivation, career motivation, grade motivation,
and self-efficacy. Likewise, reliability indices reached satis-
factory results (Hayes & Coutts, 2020). The measurement
invariance for gender and study modality was established.
For the grade-level variable, only configural and metric in-
variance were supported, resulting in unsatisfactory results
for scalar invariance. These findings imply that the factor
structure is consistent across grade levels; however, stu-
dents from different grade levels may respond differently to

Table 3. Model fit for the unidimensional structure of each scale

the Likert scale used for the SMQ-Il, so comparisons across
grade levels should be interpreted with caution.

In addition, some structural differences between the
Brazilian Portuguese SMQ-Il and the original version should
be noted. Whereas Glynn et al.’s (2011) instrument contai-
ned 25 items measuring five motivational constructs, the
Brazilian Portuguese version retained 24 items divided
into four constructs. In the exploratory factor analysis,
the self-determination construct was not salient, with such
items loading into the intrinsic motivation factor. These
findings were not unexpected. According to Komperda et
al.’s (2020) theoretical analysis of the SMQ-II, such items do
not align well with self-determination theory because they
are unrelated to the psychological needs of autonomy, com-
petence, and relatedness traits. Similarly, Ryan and Deci
(2000) described self-determination theory within a conti-
nuum of actions ranging from extrinsic to intrinsic motiva-
tions; hence, considering self-determination as a different
construct of intrinsic motivations is inconsistent with this
theoretical framework.

Another explanation for these findings could be metho-
dological variations among the research. Based on explora-
tory factor analysis, Glynn et al. (2011) initially retained the
self-determination items as a separate construct. However,
such a decision appears to be the outcome of erroneous
EFA decisions. Indeed, neither the original study nor any
translations of the instrument used valid construct extrac-
tion criteria, such as parallel analysis or the MAP test. Ins-
tead, the eigenvalue greater than one criterion was applied
(Glynn et al., 2011; Schumm & Bogner, 2016; Tosun, 2013).
However, such a procedure has been strongly criticised and
is not advised because it results in the over-extraction of
factors (Patil et al., 2008). Similarly, in several of the studies
retaining five constructs, items were extracted using the
Varimax-orthogonal rotation (Ardura & Pérez-Bitrian, 2018;
Tosun, 2013). Varimax rotation is problematic since it rests
on the assumption that factors are not correlated (Gaskin
& Happell, 2014; O’Connor, 2000), which is not the case for
the SMQ-II, nor the motivational traits investigated in so-
cial science research in general (Lloret-Segura et al., 2014).

In any case, the SMQ-Il adaptation exposed the theo-
retical issues that the instrument encountered when at-
tempting to adapt it to other languages (Komperda et
al., 2020; Schumm & Bogner, 2016; Yamamura & Takehi-
ra, 2017). As previously stated, there is a conceptual pro-
blem with the constructs measuring intrinsic motivation
and self-determination, as well as the items that represent
the latter, in that they do not represent how these cons-
tructs have been defined in the motivational literature.
As a result, while the SMQ-Il is promising, especially given
the scarcity of instruments for Portuguese-speaking stu-
dents, and given that it is a widely used instrument in the

NFI AGFI RMR

Intrinsic motivation 971 974 .056
Career motivation 974 .956 .093
Grade motivation 977 997 .019
Self-efficacy .990 .987 .033
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Table 4. Descriptive statistics by gender variable

SMQ-II constructs m Girls D M Boys D
Intrinsic motivation 3.70 .60 3.52 .68
Career motivation 4.07 .84 3.70 .90
Grade motivation 3.97 71 3.82 77

Self-efficacy 3.46 .70 3.65 .69

international literature, it is certain that the SMQ-1l would
benefit from a theoretical revision, which has yet to be suc-
cessfully conducted (Komperda et al., 2020).

Finally, the gender and school-level differences in stu-
dents’ motivation are worth highlighting. Brazilian girls
reported higher levels of intrinsic and career motivation,
yet boys reported greater levels of self-efficacy. These
results are consistent with extant literature regarding re-
search conducted in Spain, the United States, Greece, and
Germany (Ardura & Pérez-Bitrian, 2018; Glynn et al., 2011;
Salta & Koulougliotis, 2015; Schumm & Bogner, 2016). On
the other hand, science motivation decreases in the upper
levels of secondary education, findings that are consistent
with studies conducted in Greece (Salta & Koulougliotis,
2015).

The adaptation of the SMQ-1l addresses the gap in sound
measurement instruments for science education research
(Potvin & Hasni, 2014; Toma, 2020). In their influential re-
view study on the psychometric properties of existing me-
asurement instruments, Blalock et al., (2008) advocated
continuing to adapt and validate promising instruments,
rather than designing new ones. Eventually, a cohesive set
of instruments will emerge, allowing international compa-
risons to be made. As a result, the current study sought
to accomplish this goal by focusing on the SMQ-II, which
has been widely adapted to different countries, thus con-
tributing to the literature with a promising instrument for
the assessment of Brazilian students’ science motivation.
Therefore, the proposed instrument can be considered a
first step in the measurement of Brazilian secondary school
students’ science motivation.

These findings, however, must be interpreted in light of
the sample’s characteristics. As a result, the participants
were drawn from a vocational and technological school.
This sampling strategy may have resulted in a lack of par-
ticipation from students interested in other fields, such as
the humanities or social sciences. Following the Standards
for educational and psychological testing (AERA et al.,
2014), which state that validity is an ongoing process, future
studies with a more diverse sample are required to determi-
ne whether the psychometric properties advanced here are
generalisable. Evidence is specifically required for the ins-
trument’s temporal validity (test-retest), which would su-
pport its use in studies with pretest-posttest designs or lon-
gitudinal studies with more than one data collection phase
(Toma & Lederman, 2022). Similarly, if the instrument is to
be used in predictive studies, evidence of the instrument’s
predictive validity, i.e., the extent to which it predicts what
it is theoretically supposed to predict, such as performance

or achievement in science, is required first. This additional
validity evidence would be extremely helpful in establishing
the SMQ-Il as a robust instrument for measuring science
motivation in secondary education.

Despite these limitations, the Brazilian SMQ-Il can be
used to better understand how scientific motivation is sha-
ped. Baseline data from this study suggests moderate levels
of motivation in high school. Future studies should be un-
dertaken to determine what variables may be causing or
inhibiting science motivation, as well as what educational
initiatives could be implemented to address the problem.
Future research into the validity and reliability of the SMQ-II
in late elementary/middle school students is also highly
recommended. This would give a measurement instrument
for longitudinal studies assessing the development of scien-
ce motivation during compulsory schooling.
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