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Abstract

Science motivation is among the most important constructs affecting students’ sci-
ence learning and scientific thinking skills. One commonly utilized scale to measure
students’ science motivation is the Science Motivation Questionnaire II (SMQ-II),
a 25-item, Likert-type, self-report scale. This study aimed to conduct a reliability
generalization meta-analysis of the scale considering the Reliability Generalization
Meta Analysis (REGEMA) guideline. Studies included in the analysis implemented
the instrument between 2011-2024 and reported a Cronbach alpha value. Reliabil-
ity evidence from 49 studies reporting a coefficient for the total score or at least
for one of the five subscale scores was analyzed using a random effects model and
Bonett’s transformation. The pooled Cronbach alpha reliability coefficient was 0.94
for the total score and ranged from 0.83-0.88 for the subscale scores. Moderator
analyses showed generally similar reliability estimates across studies, with different
study types, languages, sample types, or sample sizes for the subscales. However,
the test version, sample type, sample size, and female representation in the sam-
ple showed differences in reliability estimates for the total score. The empirical evi-
dence from the SMQ-II’s first 13 years reports high internal consistency across the
scale’s scores.
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Background

One of the fundamental goals of science education is to cultivate scientifically liter-
ate citizens who have a solid understanding of scientific knowledge and can use evi-
dence-based reasoning to make informed decisions about issues related to science
and society (Organization for Economic Co-operation and Development [OECD],
2007; Roberts, 2007). However, recent surveys indicate that students of varying ages
lack basic scientific literacy (Aguilera & Perales-Palacios, 2020). Researchers have
highlighted a bidirectional relationship between the enhancement of scientific lit-
eracy and science motivation (Van Vo & Csapd, 2022).

Given the important role of motivation to learn science, several studies have explored
how to examine the level of motivation of college, secondary, and elementary students
(Breland et al., 2023; Huda & Rohaeti, 2023; Jian-Xin et al., 2023; Meulenbroeks et al.,
2024; Shin et al., 2023). Thus, researchers have utilized the Science Motivation Question-
naire-IT (SMQ-II) developed by Glynn et al. (2011) for different purposes. For example,
the SMQ-II has been employed in conjunction with other scales to develop a model and
identify factors for Science, Technology, Engineering, and Mathematics (STEM) career
interest formation among students (Alexopoulos et al., 2021; Lei, 2024; Riccitelli, 2015),
as well as to evaluate undergraduate students’ perceived motivation and engagement in
game theme-based learning (Bénus et al., 2024; Moro & Billote, 2023; Watt, 2020).

Other studies have employed the SMQ-II to investigate motivation to learn specific
science disciplines, such as chemistry and physics (Ardura & Pérez-Bitrian, 2018; Chen
et al., 2023; de Souza et al., 2022; Hibbard et al., 2016; Kahraman, 2023; Kwarikunda
et al., 2021; Lee & Mun, 2023; Lei, 2024; Salta & Koulougliotis, 2015, 2020; Schén-
felder & Bogner, 2020). The instrument has been translated and adapted to different lan-
guages and cultural contexts to apply to Chinese (Dong et al., 2020), Spanish (Ardura &
Pérez-Bitrian, 2018), Greek (Salta & Koulougliotis, 2020), German (Schumm & Bog-
ner, 2016), Korean (Rachmatullah & Ha, 2019), and Turkish (Tosun, 2013) students.
Researchers have used the SMQ-II to assess students’ motivation in a fourth-year techni-
cal aircraft systems course (Ng & Chu, 2021), measure dental students’ oral medicine
learning motivation in Indonesia, and investigate the learning motivation profile of Japa-
nese pharmacy students (Rahmayanti et al., 2020). The scale was also used to determine
how different motivations of learners relate to their engagement in a massive open online
astronomy course on the Coursera platform (Formanek et al., 2019). Consequently, dis-
cipline-specific versions of the SMQ-II emerged as researchers adapted the instrument
for their studies. For instance, the Chemistry Motivation Questionnaire II (CMQ-II)
(Austin et al., 2018) and Physics Motivation Questionnaire II (PMQ-II) (Kwarikunda
et al., 2020) are frequently used versions of the original questionnaire that replace the
word “science” with “chemistry” or “physics,” respectively.

Overview of the Science Motivation Questionnaire (SMQ-II)

The SMQ-II (Glynn et al., 2011) represents a revised version of an instrument
presented in an earlier study by Glynn et al. (2009). The first version of the scale
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consisted of 30 items in five subscales: intrinsic motivation and personal relevance
(ten items), self-efficacy and assessment anxiety (nine items), self-determination
(four items), career motivation (two items), and grade motivation (five items). Two
years later, the researchers modified the questionnaire to improve the construct
validity, based on the results of the first version of the questionnaire, focus group
interviews, expert opinions, and a pilot study. Sixteen items remained unchanged
in the revised version, and nine were added. As a result, the SMQ-II utilized in this
meta-analysis consists of 25 items with five subscales: intrinsic motivation (IM),
self-determination (SD), self-efficacy (SE), career motivation (CM), and grade
motivation (GM). Five items in each subscale are scaled on a five-point Likert scale
(from never to always). In the original validation study, reliability was reported as
0.92 for the total score, 0.92 for CM, 0.81 for GM, 0.89 for IM, 0.88 for SD, and
0.83 for SE.

During the revision of the SMQ-II scale, students’ motivations were conceptu-
alized more broadly in some respects and more narrowly in others. For example,
intrinsic motivation was considered to include personal interest level, self-efficacy
was considered to be related to evaluation anxiety, and extrinsic motivation was con-
sidered to be differentiated as grade motivation and career motivation. In this regard,
it was stated that the SMQ-II scale targeted positive and mutually supportive moti-
vation factors and took its final form by excluding negative motivation factors such
as evaluation anxiety. It is also stated that the external motivation scale in the first
version of the scale was examined in two separate sub-dimensions in SMQ-II: grade
motivation and career motivation (Glynn et al., 2011).

Of the scale’s subscales, intrinsic motivation refers to a natural interest, curios-
ity, and enjoyment of science learning, while career motivation refers to a belief
in how learning science will help achieve future career goals. Self-determination
refers to the control students believe they have over their own science learning pro-
cesses and the effort they put into these processes, while self-efficacy represents stu-
dents’ beliefs/confidence that they can perform well and succeed in science. The
grade motivation subscale assesses the importance of getting good grades in science
courses and focusing on academic achievement (Glynn et al., 2011).

SMQ-IT has been validated with undergraduate students (Glynn et al., 2009,
2011). Subsequent research has also focused on its use with middle school students
(Ardura & Pérez-Bitrian, 2018; Razali, 2021; Salta & Koulougliotis, 2015; Toma
et al., 2023), high school students (Conner, 2021; Dixon, 2017) and also preservice
teachers (Haviz et al., 2024; Gomes de Freitas et al., 2020). The age-appropriate use
of SMQ-II appears to be shaped by contextual factors, particularly the motivation
for a specific subject (science, physics, chemistry, biology, etc.). This demonstrates
that SMQ-II can be applied and adapted to different ages and different disciplines.

Reliability and Reliability Generalization (RG)
Reliability refers to the degree of consistency and stability of the scores from a

measurement tool (Crocker & Algina, 1986). Errors in the measurement process
reduce consistency; the source of error may vary from the scale itself, the sample
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(e.g., age, gender, motivation, etc.), the way the scale is applied, or the scoring com-
plexity (Barnes et al., 2002; Dawis, 1987; Thompson & Vacha-Haase, 2000). It is
critical to report reliability to support the reproducibility of research findings, par-
ticularly in the case of scores from a scale that is widely used in different languages
and cultures, different sample groups, and different disciplines, such as the SMQ-IIL.
The most appropriate option that allows a quantitative summary of reliability coeffi-
cients is the reliability generalization (RG) meta-analysis proposed by Vacha-Haase
(1998). RG studies are meta-analyses that calculate an average reliability estimate
and can explain the heterogeneity of the coefficients (Henson & Thompson, 2002;
Rodriguez & Maeda, 2006; Sanchez-Meca et al., 2013; Vacha-Haase & Thomp-
son, 2011). RG analysis also allows the examination of moderator variables that can
explain a heterogeneity between the reported reliability coefficients (Sanchez-Meca
et al., 2013). In other words, RG meta-analysis aims to estimate the average reliabil-
ity of test scores based on various test applications in different samples and contexts,
as well as evaluating the consistency across test applications. In addition, if differ-
ences in reliability coefficients are observed, it allows the determination of study and
sample characteristics that may explain these differences from a statistical perspec-
tive (Thompson, 2002; Vacha-Haase, 1998).

The SMQ-II is a scale that exhibits strong psychometric properties and has
become widely used internationally, after being adapted to more than ten languages
to apply to various sample groups across cultures. Since the development of the
SMQ-II, studies have been conducted on its construct validity (Glynn et al., 2011),
measurement invariance for characteristics like gender and culture (Dong et al.,
2020; Toma et al., 2023), construct validity in different languages and disciplines
(Ardura & Pérez-Bitrian, 2018; de Souza et al., 2022; Toma et al., 2023) and adapta-
tion (Salta & Koulougliotis, 2015). However, to our knowledge, no researchers have
conducted an RG meta-analysis of the scale. Therefore, this study aims to conduct
an RG meta-analysis on the SMQ-II scale due to its widespread use in different lan-
guages and cultures, its translations and adaptations into many languages, and its
frequent application in the literature. The purpose of this study was to (a) determine
a precise estimate of the overall reliability coefficient for the SMQ-II; (b) investi-
gate how reliability coefficients vary; (c) determine whether there is heterogeneity
between reliability estimates, and if so, conduct moderator analyses to identify study
characteristics that could explain the variability.

Method
Selection Criteria

To improve its reporting, this paper follows the Reliability Generalization Meta
Analysis (REGEMA, see supplementary), a 30-item checklist by Sanchez-Meca
et al. (2021), which we provide as a supplement to this paper. First, a set of selection
inclusion criteria was created to identify the studies for inclusion in the meta-anal-
ysis. Specifically we looked for studies that: (a) used the original SMQ-II (Glynn
et al., 2011) or any of its adapted versions (Ardura & Pérez-Bitrian, 2018; Salta &
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Koulougliotis, 2020), (b) were published or unpublished (e.g., Ph.D. dissertations)
between 2011-2024, (c) were written in English, (d) allowed access to full text, (e)
reported Cronbach’s alpha reliability coefficient for the total SMQ-II or any of its
subscales, and (f) focused on the target population in STEM fields regardless of age
(e.g., university students, high school students, etc.). We also set exclusion crite-
ria, specifically excluding studies that: (a) employed the earlier version of the SMQ
(Glynn et al., 2009), (b) reported alpha values only from the original scale or from
previous studies, (c) reported a reliability coefficient other than Cronbach’s alpha,
(d) were book chapters or conference proceedings, (e) added different items to total
SMQ-II or any of its subscales, (f) focused on a field other than science education.

Search Strategies

Articles were obtained for the study sample by querying the Web of Science, ERIC,
Scopus, and ProQuest databases with the search terms Science Motivation Question-
naire Il and SMQ II. The search was limited to articles published in or after 2011,
the when the SMQ-II scale was first used. We ensured search consistency across
the research team by first searching for a certain number of articles together, before
completing separate searches in different databases. After the random assignment
of electronic databases to four authors, a folder was created for each database. The
abstracts of the selected publications were read and evaluated, and if they met the
criteria, the full text was examined. All related documents were collected in a main
file and duplicated entries were easily detected and deleted.

Data Extraction and Procedure

A coding form was created following the RG meta-analysis literature as suggested
by Henson and Thompson (2002), and the nature of the test was taken into consider-
ation. We extracted Cronbach’s alpha for the SMQ-II from the studies that reported
at least one reliability estimate for the total score or subscale scores along with the
following potential moderators: (a) study type (article or dissertation/thesis); (b)
language of the SMQ-II utilized (English or other); (c) study sample (college stu-
dents or other); (d) test version (original or adapted for a discipline); (e) sample
size; and (f) gender distribution (percentage of females).

The language of the SMQ-II utilized was coded into two categories. The studies
in the dataset adapted the SMQ-II scale into twelve different languages; however,
there was not enough data for each language category. Therefore, if the SMQ-II was
delivered in English, the language moderator was coded as English or otherwise
coded as other. Due to a similar lack of data for each category in the data set, the test
version was also coded into two categories. If the scale was presented in its origi-
nal form as developed by Glynn et al. (2009) where the word science was used, the
test version moderator was coded as original; if it was adapted to another discipline
(physics, chemistry, etc.), it was coded as adapted.

In some studies, more than one Cronbach alpha value was reported for more than
one sample (experimental-control groups). If the reported values were calculated
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separately for different samples, they were coded separately. However, other studies
reported more than one alpha value for the same sample (Ardura & Pérez-Bitrian,
2018; Salta & Koulougliotis, 2015). In these studies, although alpha values were
calculated separately for different groups, there was also an alpha value for the com-
bined sample where the groups were merged. In this case, only the alpha values
for each group were included in the analysis. Some studies also added or removed
items from the total or subdimensions of the scale (Park & Kim, 2021; Zhdanov
et al., 2022). The valid item numbers and reliability values were coded in case of
item removal. However, if new items were added to the scale, these data were not
included in the analysis.

Searching for SMQ-II from 2011-2024 yielded a total of 259 studies, 76 of which
were duplicate publications. Of the 183 studies included in the full-text review, 78
studies were excluded from the analysis because they did not meet the eligibility cri-
teria: they utilized SMQ rather than SMQ-II, reported prior Cronbach’s alpha values
rather than computing, were not written in English, or conducted research in dis-
ciplines other than science (e.g., aviation, medicine). Thus, 49 studies that met the
inclusion criteria were included in the analysis. The REGEMA flow chart in Fig. 1
presents the selection process details.

Reliability induction is a type of publication bias specific to RG meta-analy-
sis, involving reporting a reliability coefficient from prior research but not for the
study itself (Vacha-Haase et al., 2000). In our study, 30 of the 183 eligible studies
did not report the reliability value, and nine reported the reliability value from the
original SMQ-II study, resulting in a reliability induction rate of 21.31%. The reli-
ability induction rate was obtained as an average of 78.6% in a systematic study of
100 RG meta-analyses, including more than 40,000 empirical studies in psychol-
ogy (Sanchez-Meca et al., 2015). Hence, it can be stated that our study’s reliability
induction rate was at a reasonable level.

Intercoder Agreement

Three members of the research team coded the studies independently after a con-
sensus meeting where three different studies were examined and discussed together.
Then, the coders coded randomly selected ten studies that reported 60 reliability
coefficients, to calculate Krippendorff’s Alpha coefficient for intercoder agreement.
This analysis was performed using the irr package (Gamer et al., 2019) in the R sta-
tistical software (R Core Team, 2025). The intercoder reliability coefficient for the
three coders was 0.99, indicating near-perfect agreement.

Data Analysis

Similar to Sandoval-Lentisco et al. (2023), we conducted separate RG meta-anal-
yses for each SMQ-II subscale before analyzing total scores. Since we assumed
that there might be heterogeneity among population effect size estimates obtained
from different studies, a random effects model was used in the analyses (Hedges
& Vevea, 1998). All statistical analyses were conducted using the metafor package
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Fig.1 REGEMA flow chart for SMQ-II RG meta-analysis

in R (Viechtbauer, 2010). Beretvas and Pastor (2003) suggest that alpha values
reported in studies using the specified scale should not be used directly because they
are usually negatively skewed. To normalize the distribution of reliability estimates
and stabilize variances, it is recommended to apply one of Fisher’s Z, Hakstian and
Whalen’s (1976) transformation or Bonett’s (2002) transformation. Since Bonett’s
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(2002) transformation is recommended for reliability estimates that vary between 0
and 1, such as Cronbach’s alpha or McDonald’s omega (L6pez-Ibafiez et al., 2024),
Bonett’s transformation was applied to the alpha values in this study. Therefore, we
conducted the analyses by transforming the alpha values. We first computed out-
come measures and sampling variances based on Bonett’s transformation (2002) for
the alpha values using -In(1—a;), where «; is the reported reliability coefficient. We
then employed the random effects model with the restricted maximum likelihood
(REML) and back-transformed the results using transf=transf.iabt argument to
compute 1-1/e©m%® and reported point estimates and confidence intervals.

Various methods are suggested to determine heterogeneity between studies, such
as the Q statistic, P value or forest plot (Borenstein et al., 2021; Higgins et al., 2003;
Huedo-Medina et al., 2006). The Q statistic is calculated by squaring the differences
between the effect sizes in each study and the overall effect size obtained from the
meta-analysis, multiplied by the weights of the studies. It is a value used to deter-
mine whether heterogeneity is present. The I? value, on the other hand, indicates
the percentage of observed variance that is due to true heterogeneity (differences
between studies) and provides the percentage of heterogeneity. Forest plots also ena-
ble the visual control of heterogeneity. In this study, we examined Q statistics, I val-
ues, and forest plots to determine the heterogeneity between alpha coefficients. Sta-
tistically significant Q statistics (Cochran, 1954) and large F* values (>75%) indicate
heterogeneity (Higgins et al., 2003). To determine the reasonable reliability estimate
interval of the studies, 95% confidence intervals were calculated, and forest plots
containing these confidence intervals were created to provide a visual inspection of
the effect sizes of the studies. For categorical and continuous moderator variables,
heterogeneity analyses were performed using univariate meta-regression models in
the metafor package (see supplementary for the data set and R syntax).

This RG meta-analysis was conducted with 49 studies: 40 articles (81.63%)
and 9 theses (18.37%). The studies were conducted in over 20 countries, includ-
ing the USA (the majority at 36.73%), Germany, Indonesia, Brazil, China, Greece,
and Turkey. Thirty-six studies applied the SMQ-II scale in English (73.47%), while
13 studies applied it in eleven different languages (26.53%), including Portuguese,
Greek, German, Chinese, Spanish, Russian, and Turkish. While 44.90% of the stud-
ies involved university students, 55.10% of the sample consisted of students at lower
educational levels. The studies obtained data from 21,046 people in total. Since not
all the included studies reported reliability coefficients for both the total score and
for each subscale score, the number of reliability coefficients in each model varied,
as explained in the results section.

Results
Publication Bias
We utilized funnel plots, Egger regression test (Egger et al., 1997), trim and fill

method, and RG fail-safe N (Howell & Shields, 2008) analysis to examine publica-
tion bias for the coefficients of SMQ-II total scores. Egger’s regression test showed
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a statistically significant asymmetry (t=—3.530, sd=24, p=.002), possibly due to
a small study effect or possible publication bias. However, the trim and fill method
analysis determined that there were no missing studies on the right side (see sup-
plementary). The funnel plot in Fig. 2 shows a symmetrical distribution, but with
some asymmetry due to points remaining outside in the upper right region. Fol-
lowing Howell and Shields (2008), we first computed the lower bound estimate of
unweighted alpha for the total score in 26 included studies (see Table S4 in the sup-
plementary). The average alpha for these 26 studies was.93 with a standard devia-
tion of.03, with a plausible worst-case reliability coefficient of.80 standard devia-
tions below the average. For the 134 eligible but not useful studies, average alpha
was estimated as.906, hence resulting in a lower bound estimate of.91. Again, fol-
lowing Howell and Shields (2008) with similar criteria and a threshold reliability
of.80, the RG fail-safe N was computed as 39. In other words, the mean population
reliability of SMQ-II scores would be less than.80 if there were 39 file drawer stud-
ies with an unweighted average reliability of.712, a value far below the estimated
lower bound. Overall, the findings obtained in the following RG meta-analysis are
expected to be highly robust to publication bias.

Total SMQ-II
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Fig.2 Funnel plot of transformed Cronbach alpha coefficients for SMQ-II total score
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Mean Reliability and Heterogeneity

Table 1 reports the year, type, and country for the included studies. Forty of the
studies were articles, whereas nine were theses. Although the studies conducted in
more than 20 countries, most were conducted in the USA (36.73%).

For the subscales, 47 alpha values were obtained from 32 different studies for
CM, 45 from 33 studies for GM, 43 from 32 studies for IM, 46 from 31 studies
for SD, and 50 from 34 studies for SE. For the SMQ-II total score, 27 values were
obtained from 23 different studies. The data analyzed had been collected from
12,434 individuals for the CM subscale, 12,683 for GM, 16,211 for IM, 11,559 for
SD, 13,675 for SE, and 6,881 individuals from more than three countries for the
total scale (see supplementary). Figures 3, 4, 5, 6, 7 present forest plots of reliability
coefficients for the overall scale and each subscale.

The total scale reliability values of the studies ranged from.85 (Moro & Billote,
2023) t0.97 (Huda & Rohaeti, 2023; Lee & Mun, 2023; Razali et al., 2020). The for-
est plot in Fig. 8 shows that the weights of all studies are close to each other, apart
from a few studies (Lei, 2024; Migalang & Azuelo, 2020; Watt, 2020).

Table 2 shows the main results for the total and each of the five subscales of the
SMQ-II scale. The weighted average calculated for alpha (o) for the total score of
the SMQ-II scale was 0.94 (95% CI[.93,.95]) and was statistically significant at the
p <.001 level. The Q statistic was significant (Q =664.0269, p <.001) and the P sta-
tistic was 96.36.

Among the subscales of the SMQ-II, a,=0.88 (95% CI:[0.86, 0.90]) for CM,
a,=0.83 (95% CI:[0.80, 0.85]) for GM, o, =0.85 (95% CI:[0.82, 0. 87]), o, =0.84
(95% CI:[0.82, 0.86]) for SD, and a, =0.85 (95% CI:[0.84, 0.87]) for SE were statis-
tically significant at p <.001 level. Cochran’s Q statistic and F statistics were found
to be statistically significant in the CM (Q=1436.1580, p <.0001, 12=96.96), GM
(0=1960.1004, p<.0001, ?=96.98); IM (Q=1412. 9436, p<.0001, I>=97.40),
SD (Q=1059.1763, p<.0001, F=95.88), and SE subscales (Q=1366.1194,
p<.0001, 7=95.95). Accordingly, the statistically significant Q statistics and high
P values indicate a high level of heterogeneity among the studies reporting reliabil-
ity values for the subscales of the SMQ-II scale.

Moderator Analysis

The Q statistics and high * values (> 92) show significant heterogeneity between the
mean alpha coefficients for the SMQ-II total score and its subscales, as supported by
the forest plots. Moderator analyses were conducted to investigate potential sources
of heterogeneity, with study type, study language, sample type, and test version as
categorical variables, and sample size and female percentage as continuous vari-
ables. While there were missing values for continuous moderator variables in the
data set, no imputation was made for these values, and they were considered missing
data.
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Fig.3 Forest plot of the o, coefficients reported for the career motivation subscale

The results of the meta-regression analysis for categorical moderator variables
are presented in Table 3. The results show that there are no significant differences in
the reliability coefficients of moderator variables in the CM, GM, and IM subscales
(p>.05). However, the test version was a statistically significant moderator variable
in the SD (Qy=7.712, p=.006) and SE (Q,;=9.726, p=.002) subscales. The results
of the analysis revealed that the average reliability coefficients of the original test
were higher than those of the adapted test. In addition, the sample type was a statis-
tically significant moderator variable for the total scale (Qy;=10.540, p=.001). The
average reliability value calculated for the samples consisting of university students
(0.92) was lower than the samples consisting of other students (0.95). Table 3 pre-
sents the average reliability coefficients of the moderator variables for the total scale
and subscales.

Table 4 presents the results of the meta-regression analysis of continuous mod-
erator variables. The sample size variable had a statistically significant effect on the
total scale (b;=.001, SE=-.000, p=.028, R?=13.87). Although this finding indi-
cates that increasing the sample size significantly affects the reliability coefficient
calculated for the total scale, it also indicates that the effect is relatively small. How-
ever, the sample size does not have a statistically significant effect on the reliability
coefficient of any of the subscales (p>.05).

Gender distribution, one of the moderator variables, shows a statistically signifi-
cant negative effect for GM (b;=-.011, SE=.005, p=.028, R?=12.08). This finding
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Fig.4 Forest plot of the o, coefficients reported for the grade motivation subscale

indicates that an increase in the proportion of female participants has a significant,
but relatively small effect on the reliability coefficient for the GM subscale. For the
total scale and other subscales (CM, IM, SD, and SE), gender distribution had no
significant effect (p >.05).

Conclusions and Discussion

This RG meta-analysis study aimed to estimate the mean reliability coefficient of
the SMQ-II scale and its subscales and examine moderator variables that may cause
variability between studies. For this purpose, a meta-analysis was conducted on
49 studies obtained within the scope of the criteria determined. The mean reliabil-
ity coefficient for the SMQ-II total scale score was calculated as 0.94. This value
is very close to the original reliability coefficient of 0.92 reported by Glynn et al.
(2011), but still slightly higher. The mean reliability coefficients of the SMQ-II sub-
scales were between 0.83-0.88, which can be expressed as “very good” according
to DeVellis (2003). Furthermore, these values are above the acceptable lower limit
of 0.70 proposed by Nunnally (1978) for measurement instruments and the widely
accepted 0.80 in the social sciences. When compared with the original reliability
coefficients of the scale, the mean reliability coefficient was higher in two subscales
(GM and SE) and lower in three subscales (CM, IM, and SD). A large heterogeneity
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Fig.5 Forest plot of the o, coefficients reported for the intrinsic motivation subscale

(?=96.36) was found between the coefficients for the SMQ-II total scale. Thus, we
recommend that researchers who plan to use the scale calculate the reliability value
for their own samples and not make reliability induction.

Our results also showed that the reliability values for the total scale varied
according to the type of sample (university versus lower-level students). The mean
reliability value calculated for samples consisting of university students (0.92)
was lower than that for samples consisting of lower-level students (0.95). While
the scientific motivation of university students is related to individual interest and
academic/career goals, it may depend on teacher or parental guidance for students
at other educational levels. Second, students’ levels of intellectual and cognitive
development may affected their responses to the scale. Less advanced students may
have perceived and made sense of abstract concepts such as scientific motivation
differently than more advanced students. The result that the sample type affects the
average reliability estimate mirrors the findings of previous studies by Vacha-Haase
(1998), Yin and Fan (2000), Eser and Dogan (2023), and Bat1 and Irmak (2024).

Another important moderator variable for total score reliability was sample size.
An increase in sample size significantly affected the reliability coefficient, but this
effect was statistically expected, as large samples provide more stable results than
small samples. The positive relationship between sample size and reliability coef-
ficients has yielded similar results in other studies (Sandoval-Lentisco et al., 2023).
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Fig.6 Forest plot of the o, coefficients reported for the self-determination subscale

Significant heterogeneity was also found between the reliability coefficients in the
subscales. The moderator analyses to gauge heterogeneity concluded that the type of
study, language, sample size, and sample type variables did not affect the subscale
reliability values; however, test version, one of the moderator variables, did impact
the change of reliability values in the SD and SE subscales. Moreover, the average
reliability coefficients of the original test version were higher than the adapted test
version.

Another moderator variable, female percentage was found to have an effect on
the reliability values in the GM subscale. However, this effect was relatively small.
This result could stem from the differing levels of gender equality in the countries
where the studies in the sample were conducted. Earlier measurement invariance
studies for the SMQ-II did not reveal significant differences between genders (Dong
et al., 2020; Toma et al., 2023). However, our results suggest that new studies should
employ measurement invariance studies to assure that the SMQ-II measures simi-
larly across genders.

The primary contribution of this reliability generalization is the identifica-
tion of variability in reliability estimates across the subscales of the questionnaire.
Such interpretations can lead researchers to interpret each of the subscales inde-
pendently rather than assuming overall measurement quality. For example, consist-
ently higher reliability scores across the subscales may warrant their use in research,
while subscales with lower reliability may suggest cautious use of such subscales
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Fig.7 Forest plot of the o, coefficients reported for the self-efficacy subscale

or instrument modification. Moreover, the moderators may also indicate the contex-
tual factors that influence the scores obtained from the participants. These findings
can influence the preferred use of SMQ-II and its subscales, while helping research-
ers to determine whether adaptations are necessary for a more valid and reliable
measurement.

The present study’s analysis of research conducted on individuals from more
than 15 countries, with sample sizes ranging from 6,800 to 16,000, revealed very
high reliability coefficients for both the total and subscale scores of the SMQ-II.
However, reliability is not a fixed characteristic of scales, rather a characteristic
of the scores obtained at the end of the measurements (Crocker & Algina, 1986).
Organizations such as the APA (Wilkinson, 1999), American Educational Research
Association, and National Council on Measurement in Education recommend that
researchers calculate and report the reliability values of their own studies. The lit-
erature suggests that many researchers ignore this recommendation and present
the scale by referring either to the original reliability coefficient or to the reliabil-
ity coefficient obtained in another study, which Vacha-Haase et al. (2000) termed
"reliability induction." Therefore, it is important for researchers to report the reli-
ability coefficients obtained from their own studies, regardless of which scale they
use. Investigations have shown that researchers’ most commonly reported reliability
coefficient is Cronbach’s alpha (Scherer & Teo, 2020). This may be because Cron-
bach’s Alpha is easy to calculate, does not require the scale to be reapplied, and can
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Bonus et al. (2024) H 0.96 [0.95, 0.97]
Bonus et al. (2024) (1] 0.96 [0.95, 0.97]
Huda & Rohaeti (2023) » 0.971[0.97,0.97)
Moro & Billote (2023) } ] 0.85[0.71,0.92]
Razali et al. (2020) - 0.971[0.97, 0.98]
Kahraman (2023) —a— 0.89[0.87, 0.91]
Random-Effects Model L 2 0.94[0.93, 0.95]
‘ ‘ ‘
0.7 0.75 0.8 0.85 0.9 0.95
Cronbach’s alpha
Fig.8 Forest plot of the a, coefficients reported for total scale
Table 2 Mean reliabilit
; J 95%CI  95% PI
coefficients, 95% confidence and
credibility/prediction intervals, k o, LL UL LL UL Q P
and heterogeneity statistics for
each subscale CM 45 88 .86 90 .72 95 1436.1580* 96.96
GM 41 .83 .80 85 .60 .93 1960.1004* 96.98
™M 41 85 82 .87 .62 .94 1412.9436* 97.40
SD 42 84 .82 86 .67 .92 1059.1763* 95.88
SE 46 .8 .84 87 70 .93 1366.1194* 95.95
Total 26 94 93 95 85 .98  664.0269%* 96.36

Abbreviations: k, number of studies; o, . mean coefficients a; LL and
UL, lower and upper limits of the 95% confidence and credibility/
prediction intervals for a; Q, Cochran’s heterogeneity Q statistic;
P heterogeneity index; *p <.00, CM career motivation, GM grade
motivation, /M intrinsic motivation, SD self-determination, SE self-

efficacy.

be calculated directly in many software programs. In addition, calculating other reli-
ability coefficients may require more complex statistical knowledge and calculation
skills. Another reason for this situation may be that researchers are not familiar with
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Table 3 Results of categorical moderator analyses for total scale and subscales

95%

Moderator variable k o LL UL Ou P

CM

Study Type Article 39 .88 .87 .90 251 .617
Thesis 8 .87 .82 91

Language English 35 .88 .86 .90 .009 925
Other 12 .88 .85 91

Sample Type University students 24 .89 .87 91 1.527 217
Other 23 .87 .84 .89

Test Version Original 26 .88 .86 .90 .018 .892
Adapted 21 .88 .86 .90

GM

Study Type Article 36 .83 .80 .86 384 535
Thesis 9 81 74 .86

Language English 32 .82 79 .85 182 .670
Other 13 .84 79 .87

Sample Type University students 27 .83 .79 .85 .090 765
Other 18 .83 .79 .87

Test Version Original 25 .84 81 .87 2.228 136
Adapted 20 .81 .76 .84

™M

Study Type Article 34 .85 .82 .87 184 .668
Thesis 9 .84 77 .88

Language English 30 .85 .82 .87 .165 .685
Other 13 .84 .79 .88

Sample Type University students 25 .84 .80 .86 1.433 231
Other 18 .86 .83 .89

Test Version Original 25 .86 .83 .88 2.873 .090
Adapted 18 .82 78 .86

SD

Study Type Article 38 .84 .82 .86 .029 .865
Thesis 8 .84 78 .88

Language English 35 .84 81 .86 .348 555
Other 11 .85 81 .88

Sample Type University students 26 .84 .81 .86 187 .666
Other 20 .84 81 .87

Test Version Original 23 .86 .84 .88 7.712 006%#*
Adapted 23 .81 .78 .84

SE

Study Type Article 42 .86 .84 .87 1.275 .259
Thesis 8 .83 77 .87

Language English 38 .85 .83 .87 .388 .533
Other 12 .86 .83 .89
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Table 3 (continued)

95%

Moderator variable k o LL UL Ou p

Sample Type University students 26 .85 .82 .87 897 344
Other 24 .86 .84 .88

Test Version Original 27 .87 .85 .89 9.726 L002%%*
Adapted 23 .82 .79 .85

Total scale

Study Type Article 24 94 .93 .95 382 536
Thesis 3 93 .88 .96

Language English 17 94 .92 95 .005 945
Other 10 .94 .92 95

Sample Type University students 10 92 .89 93 10.540 L0071 %%*
Other 17 .95 .94 .96

Test Version Original 14 95 93 96 1.864 172
Adapted 13 .93 91 .95

k=number of alpha coefficients; la_/zunstandardized regression coefficient; p=p value; Qp=statistic to
test for residual heterogeneity; SE =standard error; R’ = proportion of variance accounted for by the pre-
dictor. **¥p<.001

Table 4 Meta-regression results for continuous variables

Moderator variable k b; SE D R? Or
CM Sample Size 45 .000 .000 157 2.37 1229.637%%*
Female Percent 40 -.002 .005 781 .00 1164.501%**
GM Sample Size 41 .000 .000 364 .00 1959.794 %%
Female Percent 36 -.011 .005 .028 12.08 1342.208***
™M Sample Size 41 -.000 .000 .900 .00 1236.701%**
Female Percent 36 -.005 .004 249 1.87 945.370%**
SD Sample Size 42 .000 .000 .395 .00 1058.111%**
Female Percent 37 -.005 .004 .209 2.17 715.175%**
SE Sample Size 46 .000 .000 112 2.94 1363.766%**
Female Percent 41 -.005 .004 248 99 1065.478%**
Total scale Sample Size 26 .001 .000 .028 13.87 486.755%**
Female Percent 14 -016 .009 .088 14.43 281.182%**

k=number of alpha coefficients; bj =unstandardized regression coefficients; SE=standard error;
R?=explained variance; Q= test statistic of the test for residual heterogeneity; *p <.05; **¥p <.001, CM
career motivation, GM grade motivation, /M intrinsic motivation, SD self-determination, SE self-efficacy

these methods, or that academic journal referees and editors are also familiar with
Cronbach’s Alpha. A review of the literature shows that reliability generalization in
meta-analysis studies is predominantly based on Cronbach’s Alpha, while studies
using other reliability coefficients such as McDonald’s Omega or KR-21 (Husain
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et al., 2025; Mack et al., 2024; Sandoval-Lentisco et al., 2023; Tsui et al., 2025).
In this context, it is crucial for researchers to report different reliability coefficients
rather than focusing solely on Cronbach’s Alpha. The widespread use of different
reliability coefficients will contribute to the formation of richer and more diverse
data pools in reliability generalization meta-analysis studies, the comparability of
measurement tools in different contexts, and a more comprehensive evaluation of
the psychometric properties of measurement tools.

Implications and Limitations

In our RG meta-analysis of the SMQ-II, the type of study, study language, sample
type, test version, sample size, and female percentage were identified as moderator
variables to determine the sources of heterogeneity. Future studies can focus on dif-
ferent moderator variables to investigate the sources of heterogeneity. More in-depth
analyses are needed, especially for sample types that show statistically significant
differences across sources of heterogeneity. Future research could focus on system-
atically examining how reliability coefficients vary across different age groups, edu-
cational levels, and cultural contexts. Such studies would make important contribu-
tions to assessing the applicability of the scales across different demographic and
socio-cultural groups.

The SMQ-II has been translated into many languages and modified for use in a
variety of fields, including biology, chemistry, physics, and aviation. However, our
study only considered English-language research, which poses another limitation
since it results in the exclusion of research in other languages. At the same time,
although there are adaptation studies in many disciplines, the test version variable
of the scale could not be examined separately according to these disciplines due
to the limited number of studies in the data set. In our study, the studies using the
original form of the scale were coded as “original” in the test version, and the ver-
sions adapted to different disciplines were coded as “adapted” and included in the
analysis. In this context, the inability to conduct detailed analyses on a discipline-
by-discipline basis regarding the translation and adaptation processes of the scale
also creates a limitation. Since we only reviewed studies that applied the SMQ-II to
science education, future RG meta-analyses of the scale should include studies in
different disciplines (e.g., aviation or medicine) and languages. Detailed reporting
of different reliability coefficients, sample characteristics, and descriptive statistics
of the sampled studies would allow future research to focus on new coefficients and
moderator variables.

This study is limited to examining the reliability generalization of the SMQ-II
scale and its subscales. Future research could increase the scope and generalizability
of the findings by enabling a comparative examination of the long version of the
SMQ scale or different motivation scales measuring similar constructs (e.g., another
scale related to science motivation).

Technological advances and digital learning environments affect student motiva-
tion towards science and may consequently change how students respond to tests and
questionnaires. In this context, differences can be observed between the reliability
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coefficients obtained from SMQ-II assessments applied in traditional paper-and-
pencil form and the coefficients obtained from digital assessments. However, there
is not enough data in the studies examined in the present research to evaluate this
difference. We recommend that this situation be systematically addressed in future
RG meta-analysis studies. Despite the aforementioned limitations, it is still reason-
able to assert that the SMQ-II scale has strong internal consistency and robustness to
adaptations for related disciplines.
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