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ABSTRACT: The objective of the present study is to investigate whether there exists a statistically significant
correlation between students’ motivated strategies for learning and students’ academic achievement in an engineering
dynamics course. Students’ motivated strategies for learning were measured by a Motivated Strategies for Learning
Questionnaire (MSLQ) survey. Students’ academic achievement was measured by their dynamics examination scores.
A total of 71 engineering undergraduates participated in this study. The results of statistical correlation analysis show
that students’ dynamics examination scores were statistically significantly correlated to a sub-scale of MSLQ: students’
self-efficacy for learning and performance (r = 0.55, p < 0.01). Methods on how to improve students’ self-efficacy for
learning and performance are also discussed.
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INTRODUCTION
Engineering Dynamics

Engineering Dynamics is a high-enrolment, high-impact and core course that nearly all undergraduate students in
mechanical, aerospace, civil, biological and biomedical engineering programmes are required to take [1-3]. However,
this sophomore-level course is also widely regarded as one of the most difficult courses to succeed in [4-7], because it
covers numerous foundational engineering concepts (e.g. displacement and velocity, force and acceleration, work and
energy, impulse and momentum, and vibration) and is a prerequisite for many subsequent advanced courses, such as
machine design, advanced structural design and advanced dynamics.

Factors Affecting Students’ Academic Achievement

Research evidence has shown that students’ academic achievement is affected not only by cognitive factors [8-10],
e.g. cognitive abilities, but also by affective factors, such as motivation, interest and learning strategies [11-14].
For example, if a student is deeply interested in a particular learning topic and is highly self-motivated, the student
would be willing to spend a significant amount of time and effort in learning. Most probably, this student would learn
more than other students who lack interest and motivation.

Relevant literature has reported that students’ motivated strategies for learning is statistically significant in correlation to
students’ academic achievement on many subject matters in STEM (science, technology, engineering and mathematics)
disciplines [15-17]. For example, Jin et al found that motivation and leadership were two important affective factors that
determined engineering students’ retention and grade point average (GPA) in their first year of undergraduate study
[16]. In a study of a college physics course, Lynch found that students’ semester grade was positively correlated with
students’ self-efficacy, both intrinsic and extrinsic motivation, and task value [17].

The author of this article has conducted an extensive literature review using a variety of popular databases, including the
Education Resources Information Center, Science Citation Index, Social Science Citation Index, Engineering Citation
Index, Academic Search Premier, the ASEE annual conference proceedings (1995-2013) and the ASEE/IEEE Frontier
in Education conference proceedings (1995-2013). The results of this literature review show that little research has been



conducted to investigate whether the correlation between students’ motivated strategies for learning and students’
academic achievement also exists in any engineering dynamics courses.

The Motivated Strategies for Learning Questionnaire (MSLQ)

The Motivated Strategies for Learning Questionnaire (MSLQ) is a 81-item self-report instrument developed at the
University of Michigan for assessing college students’ motivational orientations and their use of different learning
strategies in a college course [18][19]. The 81-items are categorised into two scales: the motivation scale and the
learning strategies scale. Each scale consists of a set of sub-scales. The motivation scale consists of 31 items assessing
students’ goals and value beliefs, their beliefs about their skills to succeed and their anxiety about tests. The learning
strategies scale includes 31 items regarding students’ use of different cognitive and meta-cognitive strategies, and 19
items concerning student management of different resources [18][19].

Pintrich et al confirmed that scale reliabilities of the MSLQ were robust and that the instrument had reasonable
predictive validity [20]. The MSLQ has been widely adopted in studying the impacts of students’ motivational
orientations and use of different learning strategies on their performances [17-21].

The Objective, Scope and Structure of the Present Study

The objective of the present study is to investigate whether there exists a statistically significant correlation between
students’ motivated strategies for learning (measured by MSLQ at the end of the semester) and students’ academic
achievement (measured by students’ examination scores) in an engineering dynamics course. A total of 71 engineering
undergraduates (including 62 male and nine female students) participated in the present study. In a recent semester,
these students took an engineering dynamics course from the author of this article. During the semester, students took
three mid-term examinations and one final comprehensive examination. At the end of the semester, students responded
to the MSLQ survey. A statistical correlation analysis was conducted between motivated strategies for learning and
academic achievement.

The scope of the present study is limited in studying the correlation between students’ motivated strategies for learning
(measured at the end of the semester) and students’ academic achievement, and does not include study on how a
student’s motivation and learning strategies change over the semester. It is true that student’s motivation and learning
strategies may increase or decrease over the semester. Although the instructor (i.e. the author of this article) applied a
variety of active learning approaches (such as clickers, as well as computer simulation and animation) throughout the
semester, no measurements were taken to measure if students’ MSQL scores varied over the semester. These
measurements will be taken in a future study.

The remainder of this article is structured as follows. First, the research method and data collection are described in
detail, including student participants and a set of dynamics examinations employed in the present study. Then, research
findings from statistical correlation analysis are presented. The results show that students’ dynamics examination scores
were statistically significantly correlated to students’ self-efficacy for learning and performance (r = 0.55, p < 0.01).
Methods on how to improve students’ self-efficacy for learning and performance are also discussed. Finally, conclusions
are made at the end of the article.

RESEARCH METHOD AND DATA COLLECTION
Student Participants

A total of 71 students who took a dynamics course from the author of this article in a recent semester participated in the
present study. Table 1 shows student demographics, where MAE stands for mechanical and aerospace engineering, CEE
for civil and environmental engineering, BE for biological engineering, and other for biological engineering, general
engineering, pre-engineering, undeclared majors, etc. As seen from Table 1, the majority of student participants were
from either a mechanical and aerospace engineering major (52.1%) or a civil and environmental engineering major
(26.8%). The vast majority of students were males (87.3%), and females accounted for only 12.7%.

Table 1: Student demographics.

Major Gender
MAE CEE BE Other Male Female
Total student participants (n=71) | 37 (52.1%) | 19 (26.8%) | 9 (12.7%) | 6 (8.4%) | 62 (87.3%) | 9 (12.7%)

Dynamics Examinations
During the semester, students took four dynamics examinations: three mid-term examinations and the final

comprehensive examination. These examinations assessed student learning outcomes on a variety of learning topics that
were addressed in the course. Table 2 shows learning topics covered in each examination.

7



Table 2: Learning topics covered in each examination.

acceleration

particle: impulse

and acceleration

o Mid-term Mid-term Mid-term Final comprehensive
Examinations S . . N
examination #1 examination #2 examination #3 examination
Learning Kinematics of a Kinetics of a Planar kinematics All previous learning topics;
topics particle; particle: work and of arigid body; Planar kinetics of a rigid body:
covered Kinetics of a energy; Planar kinetics of a | work and energy;
particle: force and Kinetics of a rigid body: force Planar kinetics of a rigid body:

impulse and momentum;

Vibrations

and momentum

Figure 1 shows a dynamics problem that was employed in the final comprehensive examination. The problem statement
is: the ball B has a mass of 20kg and is attached to the end of a rod whose mass may be ignored. The rod is subjected to
a torque M = 5tNm, where t is in seconds. The ball has a speed of 3m/s when t = 0. Determine the speed of the ball
when t = 4 seconds.
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Figure 1: An example dynamics problem that was employed in the examination.

Based on three mid-term examination scores and the final examination score, the average examination score was
calculated for each student participant. The maximum average score that a student could earn was 100, which would
mean that the student earned a full 100 points on each of the four examinations. Figure 2 shows the histogram of all
students’ examination scores. This histogram represents a normal distribution of students’ examination scores.
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Figure 2: Histogram of students’ examination scores.
MSLQ Survey
At the end of the semester, all student participants responded to the Motivated Strategies for Learning Questionnaire
(MSLQ) survey that was described before. Statistical correlation analysis was conducted to study whether there is a
statistically significant correlation between students’ motivated strategies for learning and students’ examination scores.
RESULTS AND ANALYSIS
Results
Table 3 shows Pearson’s correlation coefficients between each MSLQ sub-scale and students’ examination score. As

seen from Table 3, students’ examination scores are statistically significantly correlated to self-efficacy for learning and
performance (r = 0.55, p < 0.01) and organisation (r =-0.361, p < 0.01).



Table 3: Correlation with students” examination scores.

MSLQ sub-scale Pearson’s correlation coefficient Significance
Intrinsic goal orientation 0.098 0.414
Extrinsic goal orientation 0.160 0.182
Task value 0.094 0.438
Control of learning beliefs 0.220 0.066
Self-efficacy for learning and performance 0.550** 0.000
Test anxiety -0.202 0.091
Rehearsal -0.134 0.264
Elaboration 0.017 0.889
Organisation -0.361** 0.002
Critical thinking 0.213 0.075
Meta-cognitive self-regulation 0.033 0.786
Time/study management 0.091 0.450
Effort regulation 0.060 0.618
Peer learning -0.217 0.069

** Correlation is significant at the 0.01 level (2-tailed)
Self-efficacy for Learning and Performance
Self-efficacy for learning and performance is defined as [one’s] expectation of success and a self-appraisal of one’s
ability to master a task [18]. The eight items that were employed in MSLQ to assess self-efficacy for learning and
performance are listed in Table 4. Positive correlation (r = 0.55) between students’ examination scores and self-efficacy
for learning and performance seems to be reasonable.

Table 4: Survey items for assessing self-efficacy for learning and performance [18].

No. Statements
1 | believe | will receive an excellent grade in this class.
2 I am certain | can understand the most difficult material presented in the readings for this course.
3 I am confident | can learn the basic concepts taught in this course.
4 I am confident | can understand the most complex material presented by the instructor in this course.
5 I am confident | can do an excellent job on the assignments and tests in this course.
6 | expect to do well in this class.
7 I am certain | can master the skills being taught in this class.
8 Considering the difficulty of this course, the teacher, and my skills, I think I will do well in this class.

Figure 3 further illustrates how students’ examination scores are correlated to self-efficacy for learning and performance.
Adjusted R2 for the fitted straight line shown in Figure 3 is 0.29. This means that 29% of students’ examination scores
can be explained from self-efficacy for learning and performance.
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Figure 3: Self-efficacy for learning and performance versus students’ examination scores.
Organisation

Organisation is defined as ...[one’s skills to] select appropriate information and also construct connections among the
information to be learned. [18]. Negative correlation (r = -0.361) between students’ examination scores and organisation
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seems to be unreasonable and contrary to common sense. Therefore, further investigation was conducted. Based on their
average examination scores, the 71 student participants were divided into the three following groups:

e  Top 30% students (n = 21): average examination score greater than or equal to 81,
e  Middle 40% students (n=29): average examination score between 69.4 and 81;
e  Bottom 30% students (n=21): average examination score less than or equal to 56.1.

Pearson’s correlation coefficients were calculated for each student group, see Table 5.

Table 5: Correlation between organisation and students’ examination scores.

Student categories Pearson’s correlation coefficient Significance
Top 30% students (n = 21) -0.154 0.506
Middle 40% students (n = 29) 0.212 0.269
Bottom 30% students (n = 21) -0.526* 0.014
All students (n = 71) -0.361** 0.002

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

As seen clearly from Table 5, it is the third group (i.e. bottom 30% of students, r = -0.526, p < 0.05) that determined the
negative correlation (r = -0.361, p < 0.01) between students’ examination scores and organisation for all 71 students.
A possible explanation is that bottom students had a misunderstanding of their organisational skills. As Dunigan and
Curry found in a research study on students’ performance in a distance education course, what bottom students self-
reported on the MSLQ survey might not truly reflect their organisational skills [22].

DISCUSSION

The research findings from the present study reveal the importance of students’ self-efficacy for learning and
performance in engineering dynamics. Therefore, improving students’ self-efficacy is critical to improving students’
academic achievement in engineering dynamics. Based on relevant literature on self-efficacy studies [23-25], as well as
his own experience, the author of this article suggests the following methods, among many others, to improve students’
self-efficacy:

For instructors:

e  Create an encouraging and supportive learning environment both inside and outside the classroom to foster student
success. For example, provide positive (rather than negative) feedback when students need help. More attention
should be paid to those students with low self-efficacy;

e  Set up role models (i.e. those students who have a high degree of self-efficacy and success) for other students to
learn from;

e  Be patient and give more time to students. Education is an art of slowness.

For students:

e  Understand failure breeds success. Do not be discouraged by failures. Do not avoid challenging tasks;

e  Learn to control emotional reactions and recover quickly from discouragements or failures;

e Develop deep interest in learning topics or activities. Understand that learning is always a process requiring
commitment of time and effort;

e  Setrealistic and achievable learning goals;

e  Be optimistic.

CONCLUSIONS

Students’ academic achievement is affected not only by cognitive factors (such as cognitive abilities), but also by
affective factors such as motivation, interest and learning strategies. Based on the results from 71 engineering
undergraduates who recently took an engineering dynamics course, the present study reveals that students’ dynamics
examination scores were statistically significantly correlated to a sub-scale of MSLQ: students’ self-efficacy for learning
and performance (r = 0.55, p < 0.01).

However, a negative correlation (r = -0.361, p < 0.01) was found between students’ examination scores and organisation
because low-performing students misunderstood and did not correctly report their organisational skills. This negative
correlation would be reduced if the sample size increases.

A variety of methods can be used by both instructors and students to improve self-efficacy. For example, instructors
should create an encouraging and supportive learning environment both inside and outside the classroom to foster
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student success. Students should understand that failure breeds success, and not be discouraged by failures or avoid
challenging tasks.
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