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Abstract: Given the theoretical and applied importance of self-regulation in learning, our study
aimed to report the internal structure of the psychometric properties of the Learning Self-Regulation
Questionnaire. Five hundred and ninety-six Peruvian university students participated in their
first to tenth semesters on campuses in Lima, Trujillo, and Cajamarca. Nonparametric scalability,
dimensionality, reliability (score and item levels), and latent invariance were analyzed. The results
showed that reducing the number of response options was necessary. Reducing the number of
items also produced better scaling. Two slightly related dimensions were strong internal validity
and acceptable item reliability; furthermore, reliability was adequate. Age and gender had trivial
correlations in item variability. Finally, differences between the semesters were obtained in the means,
variances, and latent correlations. In conclusion, we propose a better definition of the constructs
of autonomy and control measured by the SRQ-L. This article also discusses the limitations and
implications of the study.

Keywords: social cognition; self-regulation; validity; invariance; learning; higher education; educational
innovation; professional education

1. Introduction

Learning is omnipresent throughout life, and self-regulation is particularly relevant
in learning and performance in various age groups, for example, adults [1], university
students [2,3], adolescents in secondary education [4,5], and children in elementary edu-
cation [6,7]. The relevance is because self-regulation modulates cognitive, affective, and
behavioral facets to achieve the desired success level [8]. Therefore, self-regulation is one
of the relevant variables in understanding the student’s academic performance and adap-
tation. The people who self-regulate their learning have a greater capacity to select and
structure the content they must learn [2]. They can adapt teaching strategies to perform
better [9–11], reflect, participate with initiative, engagement [12,13], perseverance, and
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proactivity in their learning [11,14,15] have firmer self-efficacy beliefs [11,16,17], become
goal-oriented in a particular domain [18], adjust more easily to university life [14], and
persist in their careers [19–21], especially during the COVID-19 pandemic’s confinement
and health restrictions [22].

This study is based on the cognitive perspective of self-regulation of learning from
self-determination theory [23,24]. According to this, the regulation of behavior depends on
the extent to which the individual perceives themselves as controlled (that is, pressured
by external demands or situations) or autonomous (internal control and internalization of
self-regulation processes). This perception affects intrinsic motivation, the expression of
positive effects, flexibility, and the capacity for autonomous choices [11–14]. Its relevance
and transversal quality [25] make it an essential competency in all academic semesters [26].
In the university context, particularly in Peru, it is necessary to have instruments with
adequate evidence of validity and reliability.

One instrument that measures learning self-regulation is the Learning Self-Regulation
Questionnaire (SRQ-L) [24]. It is an adaptation to the field of learning from the clinical
area. The Hispanic version of the instrument came from a Peruvian study, which was
rigorously translated from English to Spanish spoken in Peru [27]. However, it could
be recognized that the phrasing is generalizable in different Hispanic countries. The
obtained scale integrates the content of two versions, which is also available on the author’s
website (http://selfdeterminationtheory.org/self-regulation-questionnaires/ (accessed
on 10 September 2021)). According to the reference website, these versions are slightly
different and malleable for specific situations, suggesting transferability to other learning
contents. The adaptations were developed for studies with medical students in training
interviews [24] and organic chemistry [28].

In Peru, structural validity has been tested twice [27,29]. In these two studies, which
had samples of 237 and 369 university students, respectively, the structure of the dimensions
(autonomy and control) was empirically differentiated with satisfactory adjustment indices;
the parameters of the items were also adequate to represent their dimensions validly. The
relationship between control and autonomy was equal to zero [29], suggesting that they do
not operate linearly to achieve learning. This situation would be in line with the study by
Matos [27], which found no correlation between the two (0.08; p > 0.05).

Other problems replicated in these studies were the factorial complexity of two items,
5 and 13, and their low factor loadings. Although these items were removed during their
analysis, other types of psychometric problems may need to be explored to verify the lack
of fit of these items (the distribution of the items, the correlated errors, or the appropriate
ordering of the response options). The answer to these problems still requires investigation
because the theoretical or methodological explanations were not previously addressed
in sufficient detail, which may limit the interpretation of the scores. Exploring potential
problems also involves the appropriate definition of the conceptual content of the factors to
achieve valid interpretations of the scores.

The practical implication of this psychometric clarity of the instrument (regarding its
accuracy and content) is the correct identification of the attribute in the students, given
that control and autonomy are sources of influence on the student’s adaptive behavior.
Other relevant aspects of the properties of the SRQ-L need to be addressed to build a
complete knowledge of it. One of these is measurement invariance, a necessary condition
to make valid comparisons between groups [30], for example, between men and women
or completed academic years. The differences between these groups concerning self-
regulation are not uniform, but there is a clear tendency not to corroborate the invariance
of the parameters of the items. On the one hand, studies have shown that women self-
regulate their learning more intensely than men [24], but it has also been found that there
are no differences between the sexes [31]. In another case, it was observed that women
have greater autonomy than men [24], while in another, no differences were observed
in control [2]. The differential performance of the instrument may also influence these
differences. Therefore, interpreting the variability between these groups may contain
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undetected bias or parameters that violate the measurement invariance of the SRQ-L. Since
this property of the internal structure has not been verified before, it needs to be resolved.

Another aspect is the reliability of the differences between scales and the identification
of abnormal differences, both psychometric parameters that help describe the discrepancies
between the scores while controlling the measurement error [32,33]. This type of informa-
tion is practical because it is exposed in the metric of the observed score [32] and directly
influences the interpretation of the score to describe the student’s position in the measured
attribute and the study of the differences between both measured constructs (control and
autonomy). Compared to the estimation of reliability coefficients, the information on the
error variability in the observed score metric has practical and nonacademic use.

Regarding reliability, studies usually report internal consistency coefficients, specif-
ically the alpha coefficient; its magnitude varies, typically from 0.60 but less than 0.90
on the two subscales [19,24,27,28,34–37]. More appropriate internal consistency estimates
may be required because the alpha coefficient requires several assumptions to be met,
such as the absence of correlated errors and the tau-equivalence relationship between the
items and their construct [38]. The fulfillment of these conditions avoids overestimating or
underestimating the reliability through the alpha coefficient.

The objective of the present study is to contribute to a more rigorous evaluation
of the construct validity through a validated Self-Regulation of Learning Questionnaire
(SRQ-L) by considering two aspects: the internal structure and the measurement invariance,
overcoming the gaps from previous studies [29], and thus obtain higher metric quality
during its application in university learning contexts. This metric quality can be defined
by the validity of the items, the dimensional structure, the invariability of its parameters,
and the functioning of the current response scaling. These properties were not previously
investigated or were performed with outdated analysis strategies, so this situation suggests
a source of potential inconsistency with future studies from an updated view of the internal
structure of the SRQ-L. Due to the importance of adapting and using tests in education,
this instrument in its Spanish version (SRQ-L) demonstrated solid psychometric properties,
with the methodological strength necessary to interpret the results in the desired way. It
is a functional, valid, reliable, and culturally relevant scale for higher education students,
replicating these findings in other contexts and populations.

2. Materials and Methods
2.1. Participants

Five hundred and ninety-six evaluated university students from the cities of Trujillo
(320, 54%), Lima (29, 29%), and Cajamarca (101, 17%), Peru, were selected through non-
probabilistic convenience sampling [39], related to the researchers’ access to professional
career directors and the facilities provided by teachers for access to classrooms. Participants
excluded from the study were the ones who had studied a previous professional career,
were not present at the time of the survey administration, did not sign the informed consent,
and did not complete the survey due to personal choice.

51% of the participants were male, 88% were single, and 72% did not work. The
ages fluctuated between 16 and 40 years (M = 19.85; SD = 2.82). Their socioeconomic
level was medium to medium-high. Of the participants, 77% were between the first- and
third-semester studies, 22% between the fourth and sixth semesters, and 1% between the
seventh and tenth semesters. They were enrolled in the professional careers of Engineering
(39%), Administration (24%), Accounting (20%), Law (14%), Psychology (2%), and Com-
munications (1%). To compare the participants per their study semester, we categorized
three groups: from the 1st to the 2nd semester (141, 24%), the 3rd semester (320, 54%), and
the 4th to the 10th (134, 22%). All students in the study signed the informed consent as a
condition for completing the survey.
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2.2. Instrument

Self-Regulatory Learning Questionnaire (SRQ-L) [24]. It is a self-report test consisting
of 14 ordinal, 5-point items (from 1 = Not true at all to 5 = Completely true for me). It
was translated and adapted to the Peruvian context by Matos [27], the version used in
this study. Its structure comprised two factors: Autonomy (6 items) and Control (8 items).
The first refers to the importance assigned to learning due to internal regulation and is
based on intrinsic motivation; the basic psychological needs of competency, autonomy, and
relationship were satisfied without searching for external stimuli. The second was oriented
toward seeking rewards, external approval, or punishment avoidance [23,24].

2.3. Procedure

Design. The study was cross-sectional and instrumental [40,41] and employed a
quantitative methodology.

Data Collection. Authorization was obtained from the directors of each university, and
we solicited the support of the Psychological Orientation area to evaluate the students by
psychologists and psychology interns trained for this purpose in an estimated 15 min. The
test was applied in the middle of the academic semester, coordinating with the teachers
to facilitate classroom access. The instruments were applied in groups of approximately
35 students, to whom the evaluation objectives were explained, and participation was
voluntary, following the ethical principles of psychologists [42,43]. These instructions also
communicated the anonymity of the response, the support in case of questions about the
survey content, the absence of participation incentives, and the freedom not to continue
filling out the survey. The applied material consisted of informed consent and the study
instrument.

Analysis. The quantitative analysis focused on carefully examining (a) the univariate
characteristics of the items, (b) the internal structure, (c) and the reliability. The differences
according to variables that could explain the variability in self-regulation were identified
using the latent variables within the methodological framework of the analysis of structural
invariance. The analysis’ general strategy was to apply several approaches to reduce the
dependence of the conclusions on a single analytical procedure [44].

Item analysis. As the content of the items referred to two control attributes as in-
dividual expressions [45], their involvement could generate possible response patterns
associated with the functional distribution of the response categories [45,46]. To examine it,
we estimated thresholds for the items, which are points of intersection between adjacent
response categories associated with the probability of choosing between one or another
conditional category at the level of the latent attribute (or construct). The ordering (or dis-
ordering) of these thresholds would indicate the good (or bad) performance of the response
categories [46]. It was estimated within the partial credit model [47,48], derived from the
Rasch modeling for polytomous items [49]. For this estimation, the eRm program [50]
was used within the IANA graphical interface [51] in the R program [52]. Additionally,
the correlation between sex and age was examined as a partial expression of the content
validity of the items [53,54].

Nonparametric analysis. A nonparametric approach [55] was applied to the ordinal
items of the SRQ-L [56] to verify several fundamental and precursor properties [57] of the
instrument scores but with independence from the strong assumptions of latent variable
models. Three essential characteristics [58] were explored for the completion of the mono-
tone homogeneity model (MHM): scalability (using the coefficient H), local independence
(responses to the items are not mutually influenced; examined through three conditional
association indices, W(1), W(2), and W(3) [59]), and monotonicity (incremental function
between the item and the latent attribute; evaluated by comparing the number of current
and expected violations to the monotonic model [55]). The procedure was performed using
the Mokken program [52,60].

SEM analysis. The evaluation of dimensionality was complemented by the confir-
matory factor analysis for categorical data, using the weighted least square mean and
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variance adjusted estimator (WLSMV) [61]; fit was assessed using approximate fit indices:
CFI (≥0.95), TLI (≥0.95), RMSEA (≤0.05), Gamma-hat (G-h) [62], and SRMR (≤0.05). Re-
garding the measurement invariance, the appropriate sequence of steps was implemented
for categorical variables [63], starting with successfully implementing restrictions on the
parameters of the items. We started with configurational invariance, then introduced the
cumulative constraint of equality of thresholds, factor loadings, intercepts, and, finally,
residuals. Since identifying the adjustment in the measurement invariance is still a matter
of debate [64], together with the CFI, the centrality index (Mc) [65] was also used, given
its statistical robustness [64]. After corroborating the measurement invariance, the latent
differences of the means were evaluated and estimated using d [66]; also, we assessed
the differences of the variances through the standardized variance heterogeneity index,
SVH [67], and the correlations using the standardized index q [66]. All SEM analyses were
performed with the lavaan program [52,68].

Reliability. Reliability was estimated at the item and score level for each subscale.
Regarding the items, it was calculated using the coefficient corrected by attenuation [69],
given its lower bias and computational ease [70]; the minimum acceptable value is around
0.30 [71]. At the scoring level: (a) consistent with the nonparametric model, the MS
coefficient was estimated [56], and (b) consistent with linear SEM modeling, the coefficient
ω was estimated [72]. For comparison purposes, the coefficient α was obtained.

Practical indices of the measurement error of both scores were also estimated, using
the standard error of measurement (SEM) and the standard error of measurement of the
difference (SEMD) [33]. For the latter, the formula

√
SEM2

F1
+ SEM2

F2 was used, where
SEMF1 and SEMF2 correspond to the SEM of each compared score. To obtain the critical
values, the SEMD was multiplied by the z values derived from the standardized normal
curve (1.43, 1.64, 1.96, and 2.57) and consistent with the 0.15, 0.10, 0.05, and 0.01 levels,
two-tailed (respectively). Finally, to estimate the statistical abnormality of the difference
between the F1 and F2 scores obtained by a subject from a clinicometric approach, the
standard deviation of the difference was calculated [73]: SDD = SD

√
2 − 2rxy, where

SD is the standard deviation in the standardized score metric (for this study, t-score, that
is, M = 50, SD = 10), and rXY is the correlation between both compared scores (usually
Pearson’s linear correlation).

3. Results
3.1. Item Analysis

Results are presented in Table 1. The means of the F1 (Autonomy) items were generally
higher than those of F2 (Control), indicating a degree of independence of the behaviors
in both factors. In contrast, an apparent more significant variability of behaviors was
found in F2 (observed from the standard deviation). On the other hand, the distributional
non-normality was moderately variable (skewness and kurtosis). The correlations between
the items of the scale F1 with F2 tended to be lower than the inter-item correlations within
the same scale, suggesting clear divergent and convergent relationships (respectively).
For the correlations of the items with sex and age, the Type I error was controlled by
adjusting the nominal alpha by the Bonferroni method (in F1: 0.05/6 items = 0.008; in
F2: 0.05/8 items = 0.006), finding that none of the correlations with the sex and age of the
participants was statistically significant. Although no cut-off points were established to
indicate the magnitude of the item–criterion correlations, the magnitude of the correlations
obtained could be considered between the trivial and low levels. The examination of the
ordering of the response options (see Figure 1) showed a pattern of disorder, strongly
concentrated in options 1 and 2, and 4 and 5; a tendency to less differentiation between
thresholds 3 and 4 was also observed. Because these observations (disordering and less
differentiation) decrease the appropriate interpretation of the scale scores [46], category
1 was merged with 2, and category 3 merged with 4 and 5. The new scaling with three
response options effectively maintained the ordering of the thresholds, except in Items 7
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and 14 of the F2 scale (Control). Without making other modifications, these items were kept
for the following analyses to evaluate their effect on parameterization with factor analysis.
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3.2. Nonparametric Dimensional Analysis

Scalability. The result of the Mokken modeling appears in Table 2. The scalability
coefficients (H) were obtained in the total and three-semester samples. The decision
to remove the items was based on (a) the pattern of comparatively low H coefficients
(<0.30) [74], (b) their comparatively high standard errors, and (c) the moderate invariance
of the two previous patterns in the compared groups (three levels of academic semesters).
Therefore, Items 12 and 11 of F1 (Autonomy) and Items 4, 5, and 13 of F2 (Control) showed
the lowest scalability, considering that the lower limit of their confidence interval (in 95%)
was below 0.30. The final evaluation result of the items appears in the last column of the
scalability analysis in Table 2.



Sustainability 2022, 14, 11239 7 of 17

Table 1. Descriptive and correlational characteristics of the SRQ-L items (n = 596).

Descriptive Information Correlations

M SD Skew. Kurt. au1 au3 au6 au9 au11 au12 au2 au4 au7 au8 au10 au14 au5 au13 Gender Age

Autonomy (F1)
au1 3.790 0.993 −0.138 −0.806 1.000 −0.130 0.029
au3 3.948 1.062 −0.664 −0.199 0.514 1.000 −0.024 −0.043
au6 4.310 0.898 −1.14 0.774 0.228 0.257 1.000 −0.006 −0.070
au9 4.227 0.942 −0.973 0.223 0.209 0.316 0.459 1.000 0.070 −0.139
au11 4.413 0.900 −1.57 2.186 0.238 0.260 0.330 0.315 1.000 0.050 0.090
au12 4.153 0.981 −0.898 0.078 0.176 0.161 0.198 0.239 0.280 1.000 −0.015 0.056
Control (F2)
au2 1.621 0.977 1.447 1.314 0.022 0.017 0.031 0.055 −0.053 0.081 1.000 −0.109 −0.071
au4 2.894 1.371 0.034 −1.05 0.144 0.284 0.152 0.168 0.103 0.169 0.266 1.000 −0.008 −0.056
au7 2.148 1.296 0.779 −0.551 0.020 −0.001 0.125 0.063 0.002 0.081 0.453 0.299 1.000 −0.044 −0.098
au8 2.384 1.300 0.541 −0.691 −0.075 −0.073 0.170 0.152 0.011 0.149 0.362 0.139 0.479 1.000 −0.069 −0.131
au10 2.122 1.227 0.751 −0.436 −0.041 0.044 0.173 0.156 −0.079 0.099 0.409 0.386 0.477 0.414 1.000 −0.026 −0.080
au14 2.297 1.406 0.670 −0.854 0.060 0.056 0.136 0.086 0.040 0.131 0.377 0.269 0.632 0.361 0.462 1.000 −0.075 −0.075
au5 3.930 1.085 −0.682 −0.216 0.117 0.128 0.512 0.403 0.252 0.177 0.146 0.185 0.208 0.246 0.232 0.159 1.000 0.011 −0.128
au13 3.968 1.096 −0.852 0.054 0.148 0.140 0.229 0.276 0.322 0.633 0.105 0.136 0.112 0.219 0.154 0.181 0.200 1.000 0.013 −0.002

Note. Skew.: Skewness coefficient. Kurt.: Kurtosis coefficient. Correlations are not statistically significant (see text). au1 . . . aun: SRQ-L items. Correlations: Pearson correlation
coefficient. Association with gender and age: biserial-point, and Pearson coefficients correlation, respectively.
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Table 2. Results of the Mokken analysis (scalability and monotonicity) of the SRQ-L.

Scalability (H Coefficient) Monotonicity
(n = 596)

Initial Analysis Final Analysis

Total Sample
(n = 596)

Level 1
Semester
(n = 136)

Level 2
Semester
(n = 309)

Level 3
Semester
(n = 131)

Total Sample
(n = 596) #vi #zsig CRIT

H s.e. H s.e. H s.e. H s.e. H s.e.

Autonomy (F1)
au1 0.339 0.036 0.320 0.068 0.365 0.055 0.320 0.066 0.413 0.039 0 0 0
au3 0.314 0.034 0.339 0.072 0.325 0.049 0.273 0.065 0.399 0.037 0 0 0
au6 0.345 0.035 0.281 0.078 0.370 0.051 0.332 0.055 0.395 0.041 1 0 19
au9 0.315 0.033 0.332 0.064 0.345 0.044 0.239 0.069 0.363 0.040 0 0 0
au11 0.288 0.043 0.235 0.084 0.300 0.067 0.336 0.061 – – – – –
au12 0.187 0.037 0.105 0.069 0.205 0.053 0.187 0.073 – – – – –
Total 0.296 0.029 0.269 0.055 0.316 0.044 0.279 0.048 0.392 0.033

Control (F2)
au2 0.393 0.035 0.322 0.084 0.486 0.042 0.262 0.077 0.414 0.040 2 0 17
au4 0.258 0.032 0.183 0.067 0.254 0.046 0.354 0.057 – –
au7 0.451 0.026 0.413 0.056 0.478 0.037 0.421 0.053 0.522 0.027 0 0 0
au8 0.374 0.027 0.359 0.054 0.407 0.038 0.315 0.059 0.445 0.032 1 0 9
au10 0.439 0.025 0.389 0.057 0.474 0.033 0.407 0.058 0.465 0.030 0 0 0
au14 0.424 0.026 0.340 0.063 0.474 0.034 0.400 0.053 0.490 0.028 1 0 5
au5 0.290 0.036 0.323 0.059 0.327 0.048 0.154 0.089 – – – – –
au13 0.257 0.039 0.271 0.067 0.280 0.055 0.200 0.084 – – – – –
Total 0.367 0.022 0.326 0.046 0.401 0.029 0.329 0.047 0.472 0.026

Note. s.e.: standard error of H. #vi: number of monotonicity violations. #zsig: number of statistically significant
violations. CRIT: Combined and weighted count of #vi and #zsig.

Monotonicity. With the reduced version of the SRQ-L, no violation (#vi) was found
in the monotonicity ratio greater than two between the items or that was statistically
significant (#zsig), and the CRIT statistic for each item was less than 40 [75]. Overall, the
results indicate that the monotonic homogeneity model is satisfactory.

Local independence. Finally, the local independence of the reduced version, evaluated
with the indices W(1), W(2), and W(3) [59], indicated that the items of F1 (Autonomy) do
not contain associations between significant items in magnitude (W(1) between 0.111 and
0.937; W(2) between 2.426 and 3.605; W(3) between 0.015 and 1.893). In F2 (Control), there
was substantial inconsistency between the indices (concerning Item 2): W(1) between 0.009
and 0.618; W(2) between 3.322 and 6.714; W(3) between 0.004 and 2.355. Therefore, the final
detection of local independence was evaluated by linear SEM modeling as a confirmatory
option [76].

3.3. Structural Equations Modeling (SEM)-Based Parametric Analysis

Dimensionality. Dimensionality modeling with all items showed poor results: WLSMV-
χ2 = 1926.135 (df = 76, p < 0.001), CFI = 0.775, TLI = 0.730, RMSEA = 0.202 (90% CI = 195,
0.210), SRMR = 0.168. However, the factor loadings were acceptable; for example, in F1
they were between 0.456 (h2 = 0.208; Item 1) and 0.784 (h2 = 0.615; Item 12); in F2, between
0.474 (h2 = 0.225; Item 4) and 0.770 (h2 = 0.593; Item 7); and the covariation between the
factors was high (r = 0.621, cov = 0.165, p < 0.01). This result was considered questionable,
and it was a conclusion strengthened by the observation of the modification indices (MI), in
which several potential and strong factor-item respecifications were detected, not defined
by the original structure (MI > 200.0, ZEPC = 0.500), and a strong covariation of residuals
existed between several items (e.g., MI > 100.0, ZEPC > 0.80). These possible respecifications
were consistently corroborated by a method based on the statistical power and size of the
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MI [77]. These problems occurred more frequently in the items detected as problematic by
the Mokken nonparametric analysis (Items 11, 12, 5, and 13).

Taking into account the items selected in the Mokken scaling, the adjusted model
showed higher fit indicators: WLSMV-χ2 = 118.391 (df = 26, p < 0.001), CFI = 966, TLI = 0.953,
RMSEA = 0.077 (IC 90% = 0.063, 0.092), SRMR = 0.090. When reviewing the MIs, trivial
factor-item coefficients were found towards a nonhypothesized item; however, strongly
correlated residuals were found with Items 1 and 3 (ZEPC = 0.563) and Items 6 and 9
(ZEPC = 0.498). The procedure of Saris et al. [77] detected an inconsistency in the criteria
based on power and the magnitude variation of the respecification between Items 1 and 3;
therefore, these were discarded. There was consistency in the association of Items 6 and 9,
but the content analysis did not reveal an explicit conceptual link, so it was also discarded.
Therefore, the final model appears in Table 3, where it is shown that the items maintained
strong factor loadings with their individual factors and were statistically significant (F1,
λ > 0.65, z > 9.0; in F2, λ > 0.62, z > 11.0). The linear covariation between the factors was
0.09, 95% CI = 0.01, 0.169 (cov = 0.040, p > 0.10), showing orthogonal association. The
correlation at the direct score level was 0.108 (95% CI = 0.028, 0.187).

Table 3. Confirmatory factor analysis and item reliability of the final version of the SRQ-L.

λF1 λF2 h2 ritc ritem

au1 0.674 0.454 0.436 0.300
au3 0.689 0.474 0.503 0.400
au6 0.739 0.546 0.412 0.268
au9 0.704 0.496 0.431 0.294
au2 0.635 0.403 0.514 0.341
au7 0.872 0.760 0.696 0.626
au8 0.666 0.444 0.519 0.348
au10 0.723 0.522 0.576 0.429
au14 0.819 0.671 0.609 0.479

Descriptive statistics
M 16.275 10.572
SD 2.754 4.642

Skew. −0.583 0.765
Kurt. 0.212 −0.118

Clinicometric indicators
SEMF1 SEMF2 SEMD DED

Value 1.470 2.060 6.943 13
Z

85% 2.116 2.966 10 19
90% 2.418 3.389 11 22
95% 2.882 4.038 14 26
99% 3.787 5.307 18 34

Note. λ: factor loadings. h2: commonality. ritem: reliability of the item. Skew: Skewness coefficient. Kurt.: Kurtosis
coefficient. ritc: corrected item–test correlation. F1: Autonomy. F2: Control. SEM: standard error of measurement
of F1 and F2. SEMD: standard error measurement of difference (reliable difference). DED: abnormal deviation
(abnormal difference).

Tau-equivalent model. To verify if the items were similar in their validity with their
construct, the tau-equivalent model (equal factor loads) was tested to fit, finding a poor
fit, WLSMV-χ2 = 1445.526 (df = 36, p < 0.001), CFI = 0.892, TLI = 0.882, RMSEA = 0.088
(90% CI = 0.063, 0.092), SRMR = 0.090. The scaled difference [78] between this model and
the previously accepted congeneric was statistically significant, ∆χ2 = 48.65 (df = 7).

3.4. Reliability

The MS coefficient was 0.684 and 0.772 for F1 (Autonomy) and F2 (Control), respec-
tively. The reliability estimated by the ω coefficient for categorical variables [72] was
0.715 (s.e. = 0.031, 95% CI = 0.621, 0.776, bca bootstrap) for F1, and 0.803 (s.e. = 0.015,
95% CI = 0.767, 0.830, bca bootstrap) for F2. Compared with the alpha coefficient, it was
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substantially lower in F1 (α = 0.634, s.e. = 0.029, 95% CI = 0.572, 0.688, bca bootstrap) and
F2 (α = 0.774, s.e. = 0.016, 95% CI = 0.740, 0.804, bca bootstrap). At the item level, reliability
in F1 was acceptable but slightly low (close to 0.30) [58,59], while in F2, it was satisfactory
(>0.33) but moderately variable. The clinicometric application parameters appear in Table 3.

3.5. Invariance

Measurement invariance. After verifying the internally most acceptable model, we
evaluated the measurement invariance. Table 4 presents the estimates and adjustment
differences. The groups chosen for this objective were study semesters carried out by the
participants, grouped into three categories: Group 1 or initial (the first two semesters),
Group 2 or intermediate (3rd semester), and Group 3 or advanced (the 4th to the 10th
semesters). Age and gender were not included in this analysis because they showed correla-
tions around zero with the SQR-L items. The first stage of the invariance was verifying the
factorial structure (configurational invariance), where the results were acceptable, although
with some slight variation in some indices (Mc and RMSEA). Although the standardized
factor loadings of the model in each group were not reported, the magnitudes of the
differences [79] were in the trivial (≤0.10) or small (≥0.1) range, and none in moderate
magnitudes (≥0.2) or large (≥0.3). The invariance of the thresholds was also satisfactory,
and its difference with the configurational model was slight. The magnitude of minor dif-
ferences was maintained in comparing the rest of the evaluated models, even reaching the
invariance of the residuals. At this level of strict invariance, the fit indices were uniformly
satisfactory, except for Mc.

Table 4. Measurement invariance parameters (semester groups: initial, intermediate, and advanced).

Invariance
Models

Fit Estimates Fit Differences

WLSMV-χ2

(df) CFI TLI G-h Mc RMSEA
(90% CI)

∆WLSMV-χ
2

(df) ∆CFI ∆TLI ∆G-h ∆Mc ∆RMSEA

Configuration 159.314
(78) 0.973 0.963 0.970 0.933 0.073

(0.056, 0.089) – – – – – –

Thresholds 171.101
(92) 0.974 0.969 0.971 0.935 0.066

(0.050, 0.081)
17.79
(14) 0.001 0.006 0.001 0.002 −0.007

Loads,
thresholds

183.521
(106) 0.975 0.974 0.971 0.936 0.061

(0.046, 0.075)
13.21
(14) 0.001 0.005 0.000 0.001 −0.005

Loads,
thresholds,
intercepts

206.634
(110) 0.968 0.969 0.965 0.922 0.067

(0.053, 0.081)
10.07 *

(14) −0.007 −0.005 −0.006 −0.014 0.006

Residuals 200.111
(124) 0.975 0.978 0.971 0.938 0.056

(0.041, 0.070)
1.40
(14) 0.007 0.009 0.006 0.016 −0.011

Note. G-h: Gamma-hat index. Mc: McDonald index. CFI: Comparative Fit Index. TLI: Tucker-Lewis Index.
RMSEA: Root Mean Square Error of Approximation. ∆: difference. * p < 0.05.

Structural invariance. After ensuring the invariance of the measurement, Table 5
shows the results of the structural comparisons between groups of the latent parameters
(means, variances, and correlations). For the comparison of g1 vs. g2 and g3 groups,
the reference group was g1; for the comparison between g2 and g3, the reference group
was g3. Regarding the latent means, the standardized differences detected that in the
Autonomy construct (F1), the differences between groups were close to zero and statistically
insignificant, except that the students of the g3 group (fourth to tenth semesters) scored
slightly higher (between 0.30 and 0.50) [66] than students in the third semester (group g2).
On the other hand, in the Control construct (F2), the group from the third semester (g2)
showed lower scores compared to the students from the first two semesters (g1), but the
size of the difference was negligible. The group of advanced semesters (g3) scored more
than Group g2 (3rd semester), of small magnitude.

Regarding the degree of individual differences (latent variances) in the compared
semesters, students from more advanced semesters (g3, 4th to 10th semester) in Autonomy
(F1), and students from 3rd semester (g2) in Control (F2), showed more variability. However,
the comparisons with the SVH index were small (<0.56) [67], comparing groups within
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each factor and between factors. Finally, in the evaluation of the heterogeneity of the
correlations [80], it was found that the relationships between the Autonomy and Control
factors are different between the three groups (Q = 6.880, gl = 2, p < 0.05); the magnitude
of this difference, I2 [81], can be considered strong (I2 = 90.92%). As shown in Table 5, the
covariation was higher in Group g3 than in the rest.

Table 5. Structural invariance (means, variances, and latent covariances).

Comparison of Latent Means Variances and Latent Correlations

F1 (Autonomy) F2 (Control)

g1 g2 g3 g1 g2 g3 g1 g2 g3 SVH

Variances
g1

(1st to 2nd semester) – – F1 0.746 0.779 1.062 0.116

g2
(3rd semester) F2 0.401 1.041 0.462 0.321

∆no-Z −0.075 – −0.323 * – – SVH 0.300 0.143 0.393
∆Z −0.085 – −0.317 * – –

Correlations
g3

(4th to 10th semester) g1 g2 g3

∆no-Z 0.029 0.116 – −0.011 0.322 * – r(F1,F2) −0.075 0.097 0.244
∆Z 0.028 0.322 – −0.017 0.459 * –

Note. ∆no-Z: nonstandardized difference; ∆Z: standardized difference. g1, g2, g3: semester groups compared
(initial, intermediate, and advanced, respectively). F1: Autonomy factor. F2: Control factor. SVH: standardized
variance heterogeneity. Ng1 = 136. Ng2 = 309. Ng3 = 131. * p < 0.05.

4. Discussion

The purpose of the study was to evaluate the internal structure of the psychometric
properties of the SRQ-L [24] in a group of Peruvian university students. The motivation was
to explore its psychometric functioning in greater depth, given that the trend of previous
studies in moderately similar groups [29] did not seem to identify some of its properties
and failed to evaluate other important ones, specifically, measurement invariance, response
scaling performance, divergent item–factor relationships, and correlated errors.

The analyses related to dimensionality showed results that seem to optimize the valid-
ity of the short version, given that the content relationships of the SRQ-L were maximized
by selecting those items with better scaling and discriminative power; that is, they bet-
ter differentiated the subject’s position on the score continuum. The selected items, as a
whole, helped to define better the score derived from them, through more discriminative,
representative items and with better psychometric evidence. In the reduced version, the
Autonomy construct now includes behaviors of following suggestions to optimize learning
and actively participating in class to understand and improve skills. In Control, this is
represented by behaviors to avoid the disapproval of others, actively participating in class,
and following suggestions to achieve a good grade and have a good image in the eyes
of others. Two of the items in this smaller version (Items 7 and 14 of the Control scale)
showed a significantly different scaling compared to the rest of the items because the
distance between their thresholds was minimal, and one of them still showed threshold
disorder. However, these items maintained sufficiently high inter-item correlations, high
scalability, and a pattern of statistical indicators indistinguishable from the rest of the
items. Therefore, they were chosen for the final version of the SQR-L. Because previous
studies did not examine this, we are unsure if this result comes from a sampling variation,
representing a consistent feature of these two items. At this point, one implication is that
further examination is required on a new sample to characterize this particular result.

The instrument’s content derived from our analyses reduced the behaviors sampled
from the original version (six items in the Autonomy factor and eight in the Control factor),
which may limit the validity of the initially designed construct. However, the statistical
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fit of this full version using nonparametric scaling was not satisfactory; this is usually
related to multidimensionality or excess variance irrelevant to the measured construct.
The correlated errors between the items detected by both procedures (nonparametric and
SEM) confirmed that the structure of the original SRQ-L contained inter-item relationships
irrelevant to the construct measured and even that some items could be better related to
the other factor. Furthermore, these problems strongly influenced the correlation between
the constructs because the high correlation (>0.50) initially estimated between them was
drastically reduced in the shortened version (zero).

Regarding reliability, the estimates showed acceptable magnitudes to describe the con-
struct in a group of participants. However, they are possibly less precise if the abbreviated
SRQ-L describes an intervention’s individual effects. It is accepted that higher levels of
reliability are required, such as >0.89. Interestingly, the brevity does not appear to have
seriously affected the reliability of the scores, and the small number of items did not bias
toward high reliability. This information may suggest that the content is not redundant
or repetitive and still displays moderately different behaviors linked to its constructs. On
the other hand, the clinical value indicators reported in Table 3 are helpful for research but
especially for professional practice [32,33]. Multiplied with the standardized values of the
normal curve, the statistically infrequent (abnormal) differences show an extreme range,
especially at the 95% and 99% levels. Applied use may require choosing the 90% level to
reasonably determine abnormal differences or the 85% level to reduce Type II error.

Regarding the study’s implications, the reduced version can be easily incorporated
into screening evaluations during some study semester periods, allowing space for other
instruments. On the other hand, it can also be very efficient in measuring the change in
self-regulatory skills since it is sensitive to interventions in the educational context. Indeed,
some experimental studies have shown that self-regulation skills can be strengthened [4,82].
The development of a reduced version has known advantages for evaluation practice. For
example, it reduces examinee fatigue when a set of measures is applied at a fixed time or in
a longitudinal design. It reduces the number of estimable parameters when a short measure
is used in structural equation modeling; sampled behaviors maintain stronger statistical
covariations, and replicability is more guaranteed. Although the original version is not
excessively long, a parsimonious measure with good psychometric properties is possibly
better accepted. A final implication of the study is that since the instrument is used in
various regions worldwide, our results provide working hypotheses on internal structure
and group differences.

The reduced version also achieved invariance of its main psychometric parameters be-
cause the compared groups of students belonging to different academic semesters showed
homogeneity in autonomy and control for learning, with a slightly greater tendency in
students from the more advanced academic semesters. This finding would indicate that
autonomy in learning supports, during professional training, learning achievements, well-
being, and adjustment in the classroom [14]. In other contexts, promoting self-regulated
learning in students during their first year at university is necessary to enable them to
stay longer and avoid dropping out [83]. The difference could be explained by the period
in which the data collection was carried out (the middle of the academic semester). The
results might have been different if the measurement had been done at the beginning.

One of the indices that showed inconsistency with others (CFI, TLI, G-h) was the
Mc [65], a fact possibly associated with the different validity of the items with their construct
(factor loads) or the imbalance of the groups compared in a three-group context [84], as
occurred in the present study. However, since the rest of the adjustment indices and
comparisons between them were satisfactory, the validity of the invariance evaluations
can also be considered satisfactory. It can be concluded that the construct is measured
invariantly among the three semesters compared. The minor differences in structural
invariance (e.g., means, variances, and latent correlations) are not tests of measurement
invariance because the differences, even slight, are related to the latent attribute once it has
been controlled for differences in the measurement (i.e., measurement invariance).
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Regarding the study limitation, we did not evaluate the replicability of the results since
a similar-sized sample was not available in this study phase. Although the replicability of
the results can be partially concluded from the invariance study [85], a complete study with
larger sample size is required. Another limitation is the possible lack of representativeness
of the participants because it does not ensure the generalization of the results. The study did
not prove the population representativeness of the participating sample, and the degree of
representativeness is inconclusive. Finally, it is unknown how the scores obtained from this
new version are associated with behaviors and constructs relevant to practical academic
life, such as academic performance, student well-being, and other adaptive behaviors.
These limitations suggest that, although this version of the SRQ-L can achieve a better
psychometric definition in the sample studied, additional studies are required to verify
its results.

5. Conclusions

The Hispanic version of the SRQ-L applied to Peruvian students is a measure with
satisfactory evidence of validity in its internal structure. The results showed that the two
constructs were maintained but without two items from the Autonomy scale and two from
the Control scale. Because disorder and trivial distinction of some response thresholds
were detected, the scaling of the items needed to be modified from an original scaling of
five to one of three response options.

The items of this new version show moderate scalability (measured from Mokken Scal-
ing Analysis) and a satisfactory fit to the monotonic homogeneity model. From structural
equation modeling, the items showed to be moderately or strongly associated with their
constructs. The reliability of the scores was appropriate for use in interpreting the construct
in groups, and the reliability of the items was acceptable. The measurement invariance was
maintained in the groups of the chosen semesters. The structural invariance indicated that
this characteristic was not fulfilled concerning the mean and latent variance between some
semesters. This result was explained as possible natural differences among the groups.
The size of these differences was generally small. Finally, the association between the
two constructs measured by SRQ-L (autonomy and control) varied between the compared
semester groups, indicating a possible evolution of these constructs aligned with their
dependency. Although these results point to a more complete and optimal psychometric
characterization of SRQ-L, the possible intercultural variability should be evaluated and
avoided inducing its validity from one or more studies [86–88].
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