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WIP: Validating a Motivated Strategies for Learning
Questionnaire (MSLQ) in an Active, Blended, and Collaborative
(ABC) Dynamics Learning Environment

Introduction

In engineering education research, students’ motivation and learning strategies are often
measured using the Motivated Strategies for Learning Questionnaire (MLSQ). The socio-
cognitive foundation on which this survey was established assumes that motivation and learning
strategies are not inherent attributes of the learner, but rather are contextually attached. Although
the MSLQ scales have been extensively tested in different subject-matter contexts in
engineering, this study aims to examine the MSLQ constructs and factor structures in a novel
engineering educational setting.

This paper validated three MSLQ subscales in an “ABC” learning environment for
engineering dynamics: (A) Active learning, (B) blended structures, (C) and collaborative student
engagement that have shown to be highly influential for university-level engineering students.
This unique class environment exhibits several features that make it a new and distinct
educational setting in which to validate the MSLQ.

Preliminary results suggest the existence of two separate self-efficacy factors in this ABC
context: one related to performance and one related to conceptual understanding. Engineering
education researchers and instructors would benefit from further understanding what affects the
divergence of self-efficacy factors.

Background
Measuring Self-Regulate Learning

The learner intentionally organizes his or her learning process using metacognitive,
motivational, and behavioral strategies. Self-regulated learning is an active process within and
between these strategies, and the degree of learners’ using these strategies where successful
students employ multiple factors of self-regulative components in their learning [1], [2]. The
MSLQ is one of the most extensively used scales designed to assess self-regulated learning [3].
Pintrich and colleagues developed the MSLQ [2] to measure three components (motivation,
metacognition, and behavior) of self-regulated learning [2]. It has been widely validated and
deployed in university engineering education settings.

The MSLQ has two parts: Motivation and Learning Strategies. Motivation scales are
composed of three dimensions (value, expectancy, and affective) with 31 items subdivided into
six subscales: intrinsic goal orientation, extrinsic goal motivation, task value, control beliefs,
self-efficacy for learning and performance, and test anxiety. The learning strategies scale
measures two dimensions (cognitive and metacognitive strategies, resource management



strategies) with 50 items subdivided into nine subscales: rehearsal, elaboration, organization,
critical thinking, metacognitive self-regulation, time and study environment, effort regulation,
peer learning, and help seeking.

Motivation in Engineering Education Contexts

The MSLQ measures student motivation, self-regulation, and learning strategies [4].
This scale adapted the social cognitive view of motivation and self-regulated learning [2], which
assumes motivation and learning strategies are not static characteristics innate to the learner, but
are rather dynamic, contextually-embedded constructs under the control of the student [5]. In this
context, the learner actively, cognitively processes the input, while engaging and negotiating the
learning environment and react differently depend on the context. In other words, motivation and
learning strategies can be differently established based on the study subject, and teaching
methods. For instance, engineering students struggled with goals and beliefs when they take
required foundational courses outside of their major [6].

The motivation of a learner can shift from course to course based on the efficacy of
interest, and learning strategies may vary depending on the designs and features of a learning
task [7], [8]. In engineering education, with meaningful advances of the traditional engineering
education course environment, various forms of alternative classrooms have more recently
served as new contexts in which to study student motivation. For instance, motivations in online
learning and blended learning [9]-[11]; active, collaborative learning in a small group [12]; and
flipped learning [13] classrooms suggested the existing factor structure can be differentiated
depend on the engineering learning context.

The MSLQ in Various Engineering Education Contexts

The MSLQ in engineering education was utilized as a popular tool to see the changes of
motivational/strategic status [13]-[15] and to see the relationship between motivational
constructs and GPA [16]-[20]. Although validation studies of the MSLQ proposed various factor
structures or models depending on the study population and environment [21]-[23], engineering
education has been focused on different cultural or national settings [1], [24], or social cognitive
constructs validation based on gender differences [25].

Additionally, subscales have been adopted as a module to develop a new scale specific to
a certain engineering context [15], [26], [27]. However, these studies applied and utilized the
MSLQ in engineering education without validating the scale. Considering that the design of the
MSLQ items and factor structures are for the traditional classroom (teacher-centered, face-to-
face lecture, quiz, homework without supplemental online materials) and general college
population rather than focusing on specific major, this might overlook the unique dynamics of
the blended, collaborative classroom and not reflect the self-regulative learning experiences of
learners.



The MSLQ in the Freeform context

In 2008, an active, blended, and collaborative (ABC) teaching and learning environment
for a core engineering science course (Dynamics), named Freeform, was developed and adopted
by a team of mechanics instructors [28]. With the goal of a student-centered classroom, Freeform
transformed a lecture-based pedagogical environment to a highly-networked pedagogical
environment. The hybrid nature of course resources (i.e., instructor-produced videos, hybrid
textbooks which combined a traditional textbook and significant white space for note taking, and
a course blog) allowed the students to actively, collaboratively engage in the class and manage
multiple, aligned study resources asynchronously.

Based on the above-mentioned innovative nature of the Freeform learning context, this
study adapted the instrument of three MSLQ sub-scales to examine the motivational construct
and learning strategies in a Freeform setting. Within the MSLQ (Appendix 1), we selected three
subscales: self-efficacy for learning and performance (n = 8), test anxiety (n = 5), and time study
environment (n = 8), replacing the words “class” in the scale items with “ME274”, the name of
the course.

Self-Efficacy for Learning and Performance

The MSLQ measures two aspects of expectancy: expectancy for performance and self-
efficacy (one’s self-appraisal of the ability to master a task). These two aspects belong to the
same factor and showed high coefficient alpha (.93) with the final grades in the original MSLQ
description [2].

Test anxiety

The MSLQ includesd test anxiety as a factor of affective component. This component
includes both an emotionality and cognitive component. Emotionality refers to affective and
physiological aspects, like worries. The cCognitive component of test anxiety includes cognitive
concern and preoccupation with performance. Test anxiety was negatively correlated to
academic performance (o = .80) [2].

Time and study environment

Self-regulation of time and study environment (TSE) is important for one’s successful
learning, and this factor also was highly correlated with the final grade (o = .76). It encompasses
scheduling, planning, and study time management, with setting aside time to study and effective
utilizing utilization of the study time. Study environment characterizes the setting for studying
the coursework. Major claims in here is, structured, organized and quiet study space without
distraction is considered optimal study environment [2], [29].



The Freeform environment alters the time and study environment factors of students.
Student can utilize the learning materials with support of colleagues, asynchronously. This
learning context offers student support synchronously and asynchronously by employing blogs,
lecture videos and tutorial rooms with teaching assistants. With multiple online/offline sources,
this environment fosters students’ participation and engagement while improving students’
preparedness [30]. Developing better study strategies reduces text anxiety of the learners [2],
changing the perceptions of self in this course.

Research Question

Considering the original factor structure of the MSLQ [4] was not appropriate in a more
active, student-centered learning context [19]-[22] compared to the traditional classroom that is
more widely used in core engineering sciences contexts, this study aims to validate three
subscales of the MSLQ in our ABC engineering educational setting, a contradistinctive context
compared to a less-active general classroom with fewer or no digital resources. The specific
research questions are:

1) What is the internal validity of the MSLQ in the Freeform setting?

2) What is the predictive validity of the MSLQ in the Freeform setting?

Research Design and Methods
Participants and Data Collection

A total of 681 students enrolled in Freeform dynamics classes at a large midwestern
university in the United States participated in this study during the 2017 (Spring, Summer, and
Fall) — 2018 (Spring, Summer, and Fall). These research procedures were approved by the
university’s Institutional Research Board, and all participants supplied informed consent for this
research study.

Measures

The MSLQ [2] contains 81 items scored on a 7-point Likert scale (1 = “Not at all true of
me” to 7 = “Very true of me”) and unevenly distributed over 15 subscales comprising two
sections: Motivation and Learning Strategies. In this study, three subscales of the MSLQ were
implemented: self-efficacy and test anxiety from the Motivation section and time study
environment from the Learning Strategies section (see Appendix 1).

Data Analysis and Results

Stage 1. The internal validity of the scale with three latent factors (self-efficacy for
learning and performances, test anxiety, and time study environment) employed by MSLQ (see
Appendix 1) and align with the MSLQ structure were validated using confirmatory factor
analysis (CFA). Model fit indices of the proposed MSLQ subscales were below the threshold
levels, and not acceptable (RMSEA = 0.111, CFI =0.811, TLI1 =0.787, GFI = 0.789, 2 =
1739.859, df = 186), it is recommended to have a threshold levels (RMSEA < .07, CFI, TLI, GFlI



greater than .95 is good and greater than .90 is acceptable, and for x?2, the smaller, the better)
[31], [32] .

Stage 2. The original items were subjected to an exploratory factor analysis (EFA) for
uncovering stable underlying factors and factor structure. The maximum likelihood factor
analysis was used with Promax rotation, an oblique rotation that allows factors to be correlated
and is useful for large datasets. The Kaiser-Meyer-Olkin measure of sampling adequacy index
was .889, as a measure of homogeneity of variables. Bartlett’s test of sphericity was significant
(¥?(190) = 8171.032, p < .001).

A total of two items in time study environment which did not share common variance
failed to meet a minimum criteria .3 with other items were eliminated: TSE 6 (“I attend class
regularly”) and TSE 8 (“I rarely find time to review my notes or readings before exams.”).

Though the original MSLQ consisted of 3 factors, the scree plot recommended a 3- or 4-
factor solution. The three-factor solution explained a total of 56.85% of the variance, and the
four-factor solution explained a total of 58.60% of the variance. For the three-factor structure,
five items cross-loaded on self-efficacy for learning and performance and test anxiety, and two
items were not explained by any of the suggested factors. The four-factor structure displayed a
clearer factor structure without any cross-loadings. A four-factor structure, which yielded more
robust results [33], was selected (see Appendix 2, 3).

According to the factor score means, Factor 1 (self-efficacy including performance
expectations) showed the highest factor score (6.269), and Factor 4 (time study environment) had
the lowest score (1.391). All factor loadings above .40 were retained.

In the four-factor solution, test anxiety and time study environment test items were
loaded on the same factor. However, self-efficacy for learning and performance test items loaded
on two separate factors. The first factor of the self-efficacy for learning and performance
includes performance expectations [2] (SE1, SE2, SE4, and SE5), and the second factor of the
self-efficacy subsumes items ascribing comprehension (SE3, SE6, SE7, and SE8).

Stage 3. The four-factor model of the MSLQ from Stage 2 was validated using CFA-
structural equation modeling (SEM). This model fit showed improved indices (RMSEA = 0.069,
CFI1=0.927, TLI1 =0.917, GFI = 0.898, y? = 779.871, df = 183) compared to the model from
Stage 1.

Stage 4. Several modifications were introduced by the Lagrange Multiplier test for the
statistical significance of the omitted paths [34]. Within this, four modifications were adopted,
given that these modifications were theoretically acceptable which means correlations within the
factor and greatly improved the model fit indices. All modifications were the correlation between



the test items within the factor. Pathways were added between TSE1 and TSE2; TSE1 and TSE4;
TA2 and TAS3; and SE6 and SE7. These pathways significantly improved the model fit (RMSEA
=0.054, CF1 = 0.956, TLI = 0.949, GFI = 0.926, y* = 539.966, df = 179).

Stage 5. The predictive validity of the model from Stage 3 was examined using CFA-
SEM (see Appendix 5). Out of the four suggested factors, time study environment, test anxiety,
and the second factor of self-efficacy did not have significant predictive power for academic
performance as measured by course grade. The first factor of self-efficacy (SE1, SE2, SE4, and
SE5) was the only significant predictor of academic outcomes (See Appendix 4).

Discussion, Conclusions, and Next Steps towards Work in Progress

The results suggest an alternative factor structure with two self-efficacy factors in the
Freeform setting. The MSLQ included self-efficacy for learning and performance in the same
subscale, asserting that they comprise the same factor. The items in this scale assess two
dimensions of expectancy: expectancy for success and self-efficacy to accomplish the task [2].

The first factor describes items with expectancy for success, which refers to performance
expectations [2]. This factor embodies items with students’ perceptions and their beliefs of
academic achievement. The second factor, including the items related to the self-efficacy to
accomplish the task [2], represents students’ self-appraisal of their ability to understand the
course materials. These results imply that engineering students have distinct perceptions of self-
efficacy between their understanding of course materials and performance. It also supports other
research findings in the engineering context that self-efficacy with academic milestones differs
from other coping self-efficacy (i.e., adjusting to a new environment, be a part of the group of
engineering students), and predicts academic performance [35].

Also, out of the two self-efficacy factors, only performance-self-efficacy predicted
academic performance, which means self-perception of conceptual understanding aligns with
previous studies that suggested conceptual understanding alone is not sufficient to predict
students’ grades [36]. Instead, problem-solving skills with qualitative understanding and verbal
explanation can predict students’ achievement [37]. This implies students are cognizant that the
current status of conceptual understanding is somewhat different from getting a good grade.

Test anxiety did not significantly predict students’ grades in the Freeform environment,
which aligns with the previous study [38] that investigated engineering education students’ test
anxiety and suggested that test anxiety may not be a direct predictor of the final grade but a
negative predictor of self-efficacy. Studies suggested that cognitive test anxiety, which related to
individuals’ cognitive attitudes to the assessment, would lead to a more accurate prediction of
students’ academic achievement [39]. Furthermore, for the engineering student,



multidimensional perspectives and mental workloads and demands should be considered for
successful problem-solving that leads to successful learning [40].

The time study environment also failed to predict academic achievement. The
asynchronous nature of the blended learning environment may switch the time study
environment of the student. Also, students in the Freeform setting showed high attendance [41],
and lower DFW rates [30] compared to other “typical” engineering sciences course contexts.
This may contribute to what we observe as a different time study environment factor structure.

This study provides implications for psychometrically valid measures for gauging and
characterizing engineering students’ motivation. This helps to understand the unique
motivational aspects of self-efficacy, test anxiety, and time study environment in the Freeform
setting. The next steps for this work will bridge the gap between conceptual understanding and
actual performance, developing ways to help students expand conceptual knowledge.
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Appendix 1. MSLQ: Test item from Selected Subscales

Section Scale Subscale Item # Test Item
Motivation Expectancy  Self-Efficacy = SE1 | am confident I can do an excellent job on the assignments and tests in ME
(SE) 274.

SE2 | expect to do well in ME 274.

SE3 | am certain | can master the skills being taught in ME 274.

SE4  Considering all the aspects of the course - the difficulty of this course, the
teacher, and my skills - I think I will do well in ME 274.

SE5 | believe I will receive an excellent grade in ME 274.

SE6 | am certain I can understand the most difficult material presented in ME
274,

SE7 1 am confident | can understand the most complex material presented by the
instructor in ME 274.

SE8 | am confident I can understand the basic concepts taught in ME 274.

Affect Test-Anxiety TAl  When | take a test, | think about how poorly | am doing compared with other
(TA) students.

TA2 | have an uneasy, upset feeling when | take an exam.

TA3 | feel my heart beating fast when | take an exam.

TA4  When I take tests, | think of the consequences of failing.

TA5  When I take a test, | think about items on other parts of the test I can't
answer.

Learning Resource Time Study  TSE1 1 usually study in a place where | can concentrate on my course work.

Strategies  Management Management TSE2 | make good use of my study time for my courses.

(TSE) TSE3 | find it hard to stick to a study schedule.

TSE4 | have a regular place set aside for studying.

TSE5 | make sure | keep up with the weekly readings and assignments for my
Ccourses.

TSE6 | attend class regularly.

TSE7 1 often find that I don't spend very much time on my courses because of
other activities.

TSE8 | rarely find time to review my notes or readings before exams.




Appendix 2. Factor loadings based on an exploratory factor analysis

Factorl Factor2 Factor3 Factor4

SE2 .969

SE5 934

SE4 847

SE1l 770

SE7 979

SE6 .958

SE3 592

SES8 576

TA2 71

TA3 .749

TA4 731

TAl .624

TAS .622

TSE?2 801
TSE3 .658
TSE4 .589
TSE1 .580
TSE7 .559
TSE5 492




Appendix 3. Factor Correlation Matrix (4-factor model)

Factorl Factor2 Factor3 Factor4
Factor 1 1.000 .679 -.493 274
Factor 2 .679 1.000 -.343 161
Factor 3 -.493 -.343 1.000 -.089
Factor 4 274 161 -.089 1.000

Extraction Method: Maximum Likelihood.
Rotation Method: Promax with Kaiser Normalization.



Appendix 4. Relationships among motivational factors and grade (Stage 5)
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