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The study was conducted on repeat students (N = 139) from the second year Diploma in
Mechatronics taking the Mechatronics Science 2 subject. Various forms of instructional support
were provided. The students completed a pre-test and post-test self-report questionnaire to assess
changes in their motivation and beliefs towards learning of the subject. A follow-up interview of
students was conducted. Analyses of student responses indicated that the instructional intervention
strategies did bring about significant changes in self-efficacy and intrinsic motivation among the
students, perceived gain in knowledge and skills of the subject and positive correlations among
various aspects of motivation. Implications for teaching are discussed.

INTRODUCTION

CONTEMPORARY MOTIVATION research in
academic settings indicates that a student’s self-
efficacy is positively related to achievement and
motivation [1-5]. The greater the self-efficacy, the
greater the persistence, perseverance and effort is
extended to learning situations, which lead to
improved achievement [2-4, 6-7].

Bandura [8] defined self-efficacy as ‘the con-
viction that one can successfully execute the
behaviour required to produce the outcomes’
(p.79). Self-efficacy thus conveys one’s perceived
capabilities or judgements in performing specific
tasks. People who have a high sense of self-efficacy
tend to work harder and persist longer in difficult
situations.

Learning engineering is tough for many
students, particularly more so for students at
risk, as it requires persistence and effort. The aim
of this study was therefore to investigate the effects
of introducing a repertoire of instructional inter-
vention strategies on repeat students with respect
to changes in their motivation and beliefs towards
the subject under study.

Prior to the study, a team of staff from Promot-
ing Good Teaching Practice at the Temasek En-
gineering School had identified attributes of
students at risk along with barriers to learning,
and factors interfering with teaching and learning
among these students in the school. Subsequently,
a framework for enhancing student motivation
and learning attitude was formulated with the
aim of helping these students by enhancing their
self-efficacy and self-regulation (Lim ez al. [9]).
The framework comprised four aspects: lecturer-
focus, student-focus, assessment, and school-wide
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support. This study constituted a pilot-run of the
framework.

It was hoped that insights, experience and know-
ledge gained from the study could be shared with
other engineering faculty staff in helping students
at risk cope better with their learning who could
otherwise have dropped out from their courses.

OBJECTIVES OF THE STUDY

The study sought to address the following
questions:

1. How would the deployment of instructional
intervention strategies affect the students’
beliefs and motivation towards the subject
they were learning?

2. Would there be any perceived gain in know-
ledge and skills of the subject after the
completion of the study?

3. Would there be any correlations among the
motivation variables in the study?

4. How would the findings implicate teaching in
engineering education?

METHOD

Sample

The participants in this study were 139 repeat
students from the second year Diploma in
Mechatronics taking the Mechatronics Science 2
(MTNSc2) subject in the academic year of 2000/
2001. The majority of these students repeated their
Year 1 previously and now progressed to Year 2 to
take MTNSc2 subject for the first time. A small
number of these students (7 out of 139), however,
were Year 2 repeat students who re-took the
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MTNSc2 subject. This latter group of students had
therefore undergone both the traditional method
of teaching in the previous semester and the
intervention method in this study.

Mechatronics Science 2 (MTNSc2) subject

The essentials of Mechatronics Science 2 are in
the area of Dynamics, namely Kinematics, Kinetics,
Work & Energy/Momentum. These three basic
topics form about 60% of the Semestral Examina-
tion content. It is noted that if students taking this
subject are weak in the Dynamics content area,
they will not do well in the examination

The subject has been traditionally taught in
lecture mode, complemented by tutorials and lab
sessions. Students listen and take notes passively in
the lectures, solve dynamics-related exercises in
tutorials, and conduct topical experiments in lab
sessions. With this mode of instruction, students
have been found to have difficulties in grasping
and understanding Dynamics concepts and subse-
quently lost their interest in the subject. Conse-
quently, these students normally did not do well in
the subject and some of them failed it and were
required to re-take it. The inherent difficulties in
teaching and learning of Dynamics have been cited
elsewhere [10].

Deployment of instructional intervention strategies

To enhance teaching and learning in his
Dynamics classes, the second author decided to
implement some of the guidelines as suggested in
the motivation framework [9]. The fundamentals
of the subject were still taught via lectures and
tutorials. However, the approach to teaching and
learning in the lab sessions was modified from
having topical experiments to the one, which was
integrated. It was during the lab sessions that the
following instructional intervention strategies were
deployed:

® Incorporating subject relevance by introducing a
real-life mechanical design case study named
Dynamics Project.

e Establishing connections among topics in
dynamics leading to acquisition of a system
perspective instead of topical learning.

® Recalling and applying prior knowledge on
engineering drawing in solving the design
problem.

® Introducing teacher model and peer model in
solving the design problem.

® Formulating a learning contract among the
student groups.

e Fostering team work and support.

® Providing feedback on student progress.

® Providing reward in terms of grading (an
additional 10% allocated for the work done in
Dynamics Project).

® Using a computer modelling and simulation tool.

Assigning written assignment.

INSTRUMENTS

Self-report questionnaire

A 12-item pre-test and post-test questionnaire
was adapted from Nicols and Utesch [3] to assess
various aspects of student motivation and beliefs
towards learning. A sample of the questionnaire is
presented below:

® [ do the work in the Dynamics Project because I
like learning interesting things.

® [ work hard in the Dynamics Project so 1 can get
a better grade.

e | find the Dynamics Project challenging.

The items, categorised into six variables, were
randomly ordered. The six variables were learning
goals (LQG), intrinsic motivation (IM), extrinsic
motivation (EM), self-efficacy (SE), persistence
(PE), and self-regulation (SR). Both the pre-test
and post-test questionnaire contained the same
twelve close-ended questions except that, there
was one open-ended question in the post-test
questionnaire, which investigated the perceived
gain in knowledge and skills in the subject
among the participating students.

Lab observation

Observations were conducted on the teaching
and learning processes, the students’ learning
behaviour and responses and team activities
in discussions and in performing computer
simulations.

Follow-up interview

Follow-up interviews were conducted on the
instructor and on randomly selected students
from the sampled classes as well as students who
re-took the subject. The interviews with the
students served to enhance retrospective recall of
their experiences in the Dynamics Project and their
overall experience in the MTNSc2 subject. The
interviews were informal but structured with a
10-item questionnaire and one free-form feedback.
A sample of the questionnaire is presented below:

® How do you feel about the Dynamics Project?

® You did the Dynamics Project because you
found it interesting and relevant or because
you could obtain a better grade in MTNSc2
subject or both?

® Did you find that the Dynamics Project help
you to understand and learn MTNSc2 subject
better? Why or why not?

e After you had completed the Dynamics Project,
what was your level of confidence in dynamics
topics—High, Medium, Low?

e With the knowledge and skills acquired from the
Dynamics Project, do you believe that you can
solve similar mechanical design problems?

Procedure
On both pre-test and post-test self-report ques-
tionnaires, the students were requested to rate each
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item on a 5-point Likert scale, displaying ‘strongly
agree’ with a score of 5 and ‘strongly disagree’ with
a score of 1. The pre-test questionnaire was admi-
nistered before the Dynamics Project commenced
and the post-test after the completion of the
project. The duration of the study lasted about
12-13 weeks.

RESULTS

Reliability analysis

The 12 items in the questionnaire were analysed
with Cronbach’s alpha scale to establish reliability
coefficient, which was 0.89 for both pre-test
and post-test. The analysis indicates a high internal
consistency for the motivational variables, namely
learning goals (LG), intrinsic motivation (IM),
extrinsic motivation (EM), self-efficacy (SE),
persistence (PE), and self-regulation (SR).

Data analysis

Table 1 provides the descriptive statistics for
each dependent variable. There were 6 motiva-
tional variables in this study. Each of them made
up of 2-question items in the 12-item question-
naire, which were then arranged alternately to
cancel out bias. Each of these has a point-scale
of 1 to 5. The total of the paired question
items were taken, so the maximum score for each
variable is 10.

As students’ response to pre-test and post-test
questionnaire was based on voluntarily basis, the
number of students turned out for the post-test
questionnaire was less than that of the pre-test
session. This could be due to the heavier commit-
ment in their study towards the end of the semester.

Figure 1 provides the changes in pre-test and
post-test mean of the variables. The changes
of mean for IM and SE are 0.44 and 0.43
respectively.

An independent t-test was performed on the
variables for pre test and post-test to determine
any significant changes in the students’ beliefs and
attitudes. A positive change was anticipated. One-
tail test was applied to assess any significant

changes in the variables. The test was based on
95% confidence level, i.e. level of significance is
0.05. The hypothesis statement was:

Ho: pa = pp
Hi: pa >

Level of significance:
a = 0.05

An independent samples test for each variable
was conducted based on the assumption of equal
variances. The t-test shows that the project has
significant changes only in IM (intrinsic motiva-
tion) and SE (self-efficacy) and the changes in
other variables are not significant. Significance
for IM and SE are respectively 0.03 and 0.026
against 0.05.

For questionnaire item 13, a pair-t test was used
to assess any perceived gain in knowledge and
skills of the subject matter after the students had
completed the Dynamics Project. One-tail test was
used to assess any significant changes. The test was
based on 95% confidence level, i.e. level of signifi-
cance was 0.05. Table 2 provides the descriptive
statistics of samples before and after the Dynamics
Project.

The hypothesis statement was:

Ho: pta — =0
Hi: pta — o >0

Level of significance:
a=0.05

The finding shows that the change of perceived
gain in knowledge and skills of the subject after the
project is significant (significance is 0 against 0.05).
There is an increase of 33.28 in overall mean.

To determine the relative importance of the
variables which contributes to the perceived gain,
dominance analysis was performed based on the
post-test results. Table 3 provides a summary of
the dominance analysis which indicates learning
goal as the predominant variable (55.79%),

Table 1. Descriptive statistics for each variable

PROJ N Mean Std. deviation Std. error mean
LG B 138 6.04 1.75 15
A 118 6.30 1.43 13
IM B 139 6.17 1.65 .14
A 118 6.61 1.59 15
EM B 139 6.67 1.49 13
A 118 6.74 1.60 15
SE B 139 6.80 1.54 13
A 118 7.23 1.52 .14
PE B 139 7.03 1.78 15
A 118 6.92 1.60 15
SR B 139 6.58 1.69 .14
A 118 6.56 1.59 15

B =Pre-test; A =Post-test.
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Fig. 1. Comparison of pre-test and post-test mean of the variables.

followed by intrinsic motivation as the second
predominant variable (27.02%).

A correlation matrix of the six motivation vari-
ables was conducted for both pre-test and post-test
respectively.

It was found that the correlation among the
variables is positive. This indicates that an increase
in one variable will potentially influence another.
There are significant correlations between learning
goals and self-efficacy (0.55, 0.59), learning goal
and intrinsic motivation (0.75, 0.74), learning goal
and extrinsic motivation (0.59, 0.56), intrinsic
motivation and self-efficacy (0.56, 0.62), extrinsic
motivation and self-efficacy (0.60, 0.61), persis-
tence and self-efficacy (0.59, 0.53), extrinsic
motivation and persistence (0.51, 0.66), self-
regulation and persistence (0.66, 0.61). However,
there is a relatively weaker correlation between
self-regulation and learning goal (0.48, 0.41), self-
efficacy (0.47, 0.41), extrinsic motivation (0.48,
0.38) and intrinsic motivation (0.39, 0.35)
respectively.

Lab observation

The atmosphere at the lab sessions was generally
relaxed and non-threatening, with the students
being attentive and captivated by the teacher
model and peer model in demonstrating various
tasks in solving the problem posed. Good team-
work was observed among students in discussions
and in conducting the computer modelling and
simulation.

Table 2. Descriptive statistics of paired samples before and
after the Dynamics Project

Std. Std. error

Mean N deviation mean
Pair 1 BPROJECT 30.03 116 18.09 1.68
APROJECT 63.31 116 15.57 1.45

Interview with the instructor

The instructor indicated that in comparing with
past students under traditional dynamics teaching,
these groups of students generally expressed a
stronger interest in the subject, particularly in the
Dynamics Project. This was partly evident in a
greater enthusiasm and participation in the lab
sessions with more questions posed by the students
and partly by more out-of-class discussions by the
student groups with the instructor.

Interview with students

The students indicated that initially they did the
Dynamics Project as part of the requirement in the
lab work but subsequently developed their interest
in it when they were able to relate the learning with
real-world experience. The students attributed
their difficulties in learning engineering subjects
to the lack of relevance and meaning in the
subjects. Once they could see the relevance of
their learning in the Dynamics Project, they
began to enjoy it and were able to understand
the subject better such as resolving forces, applying
calculation formulae, and considering mechanical
design constraints and assumptions more confi-
dently. They were able to connect the learning
among dynamics topics and other topics in
MTNSc2 subject more effectively.

Both groups of students who re-took the subject
and those who took it for the first time expressed
that although the Dynamics Project did consume a
fair amount of time for out-of-class group activ-
ities compared to traditional topical experiments,
the effort and time were well spent because the
project indeed made them think through it and
relate better the concepts of the topics to real-life
experience. They eventually discovered their own
meaningful learning of dynamics so much so that
when the time came for the final examination, they
could revise the subject with ease and confidence.

The periodical review and feedback on their
progress provided by the instructor were highly
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Table 3. A summary of dominance analysis relative importance metrics

K ALG (X1) AIM (X2) AEM (X3) ASE (X4) APE (X5) ASR (X6)
0 0.187 0.131 0.041 0.045 0.016 0.039

1 0.1358 0.0802 0.0112 0.0136 0.003 0.0124
2 0.1117 0.0567 0.0053 0.0061 0.008 0.0096

3 0.0923 0.0387 0.0024 0.0026 0.0113 0.0089

4 0.0754 0.0242 0.001 0.0018 0.0116 0.0095

5 0.06 0.012 0 0.003 0.013 0.009
M(Cx) 0.10 0.05 0.01 0.01 0.01 0.01
Percent 55.79 27.02 2.99 3.54 4.92 5.74

M(Cx): Marginal average contribution of variable.

valued by the students as these helped them to
correct their misconceptions in dynamics funda-
mentals and concepts. After the completion of the
project, they felt that their confidence and compe-
tence in the subject were greatly enhanced and
attributed it to their better performance in the
final examination. They even indicated that, in
helping them to learn better, they wished to have
a similar teaching approach used in the project, to
be applied across other subjects.

DISCUSSION

The data collected from self-report question-
naire was treated as the primary source whilst lab
observation and interviews with the instructor and
students represented the qualitative aspect of the
study for complementing the statistical analyses of
data.

The statistically significant changes in intrinsic
motivation (Mean, 0.44) and self-efficacy (Mean,
0.43) among the students in this study (Fig. 1),
support research findings and predictions that,
increased self-efficacy is accompanied by enhanced
intrinsic motivation [1, 3, 7]. It is also evident by
significant and increased correlation between
intrinsic motivation and self-efficacy (0.56, 0.62).
The data analyses are further supported by the
qualitative analyses that the students enjoyed the
learning and believed they could handle similar
mechanical design problems. They also expressed
favourable feelings and interests towards the
subject especially the Dynamics Project.

While self-efficacy relates to one’s personal
confidence in his or her own capability on
performing a specific task, intrinsic motivation
brings about the focus on task/activity itself
rather than reward. Both motivation constructs
are highly desirable in academic settings for perfor-
mance and achievement. Students in the study
could see the relevance of their learning and there-
fore willing to spend more time and effort in the
learning. Furthermore, the success of completing
the tasks in their project enhanced their confidence
in their capabilities of performing similar tasks.
The findings therefore suggest that self-efficacy
and intrinsic motivation of these students were
greatly enhanced by the deployment of the inter-
vention strategies. On assessing perceived gain in

knowledge and skills of the subject among the
students after completing the project, the statistical
change is even more significant, (0.00, p <0.05,
with an increased mean of 33.28 after the project).
The finding suggests that the perceived competence
would enhance the confidence among the students
at risk in the subject learning. This is consistent
with the qualitative analyses that the students
demonstrated a high level of confidence, after the
completion of the study, in both dynamics topics
and in the MTNSc2 subject.

Significant correlations among the variables
suggest that deployment of the intervention stra-
tegies did exert a positive effect on student motiva-
tion and beliefs towards their learning. Similar
findings on positive influence of diverse instruc-
tional strategies upon achievement-related beha-
viours have been cited in other literature [1, 3, 4,
15].

The notable difference in correlation between
extrinsic motivation and persistence at pre-test and
post-test (0.51, 0.66) implies that the students’
effort in learning was driven by reward in terms
of attaining a better grade. Secondly, high positive
correlation is detected between learning goal and
intrinsic motivation (0.75, 0.74) in both pre-test
and post-test. Interestingly, the dominance analy-
sis also indicates learning goals as the predominant
variable, followed by intrinsic motivation (Table 3).
Research has indicated that students who adopt a
learning goal as their achievement motivation
tend to seek challenging tasks, increase their
competence and find their tasks intrinsically
rewarding [3, 11]. The finding suggests that the
students seemed to possess positive motivation
towards learning, both before and after the
study. Furthermore there is a relatively significant
correlation between extrinsic motivation and self-
efficacy (0.60, 0.61). The latter suggests that
perceived capability of the students was enhanced
by their accomplishments in the project. The find-
ing supports the academic motivation research in
which rewards enhance efficacy with progress in
learning [6, 11, 12]. Collectively, the correlation
results seem to suggest that the motivation level of
the students might not be the contributing factor
to their academic underachievement. This finding
is in contrast with the general perception among
faculty staff in the school that students at risk lack
motivation in learning. The qualitative analyses of
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the data reveal and confirm that students in this
study were sufficiently motivated in their learning,
such that their confidence and competence in the
MTNSc2 subject were greatly enhanced subse-
quently via the instructional intervention strategies.

Another interesting finding that has emerged in
this study is the relatively weak correlation
between self-regulation with the rest of the vari-
ables at pre-test and post-test. Self-regulation is a
multidimensional skill in which one sets goals, uses
strategies to attain the goals, and monitors the
acquisition of those goals. Positive effects of self-
regulation on academic achievement are well
documented [13, 14].

The low correlation of self-regulation with other
motivation variables in this study suggests that the
students may lack self-regulatory skills. This deficit
among the students could be a contributing factor
for their academic underachievement.

CONCLUSIONS

It is important to reiterate that deployment of
the instructional intervention strategies did bring
about significant changes in self-efficacy and
intrinsic motivation among the students at risk,
perceived gain in knowledge and skills of the
subject and positive correlations among various
aspects of motivation. The results of this study
support research of similar studies on positive and
beneficial effects of instructional intervention
programs.

A salient feature in this study is the student
interview, which yields important insights and
understanding of the students about their feelings,
thoughts, expectations and concerns in learning,
both in the MTNSc2 subject as well as other
subjects in general. Such important information
might have otherwise gone unnoticed as it was not
captured in the self-report questionnaire. The
qualitative data collected during interviews
indeed complement the statistical analyses.

An interesting and incidental finding in the
study is that the results seem to suggest that
academic underachievement among the students
at risk might not be due to the lack of motivation
in learning. During the interviews, the students
stressed that the greatest hindrance to their learn-

ing engineering subjects was in their difficulty in
perceiving relevance of the subjects. Another pos-
sible contributing factor to underachievement is
the finding which suggests deficit in self-regulatory
skills among the students. The overall findings of
this study bear several important implications for
teaching.

Implications for teaching

As deployment of instructional intervention
strategies in this study and similar studies found
in literature are effective in enhancing achieve-
ment-related behaviours, it can be adopted to
improve instructions in helping students learn
better, particularly for students at risk who need
more instructional support and encouragement.

To help students overcome the difficulty in
perceiving relevance of the subject, it is essential
that more instructional efforts be aimed at pro-
viding real-world experience, examples and case
studies as well as providing a system perspective
instead of topical ones in the subject understudied.
These will help students in seeing the value or
worthiness of the subject and thereby promote
meaningful learning.

The first author was greatly impressed by the
usefulness of student interviews in the study for
obtaining far more information about the students
than the self-report questionnaire administered
earlier. The implication is that to help instructors
enhance their teaching, they need to take time to
talk to their students to elicit more understanding
of their learning needs and concerns.

As indicated by the results of this study, it is
inappropriate for one to perceive or assume that
students at risk are always less motivated to learn
and attribute this to their academic underachieve-
ment. Improved instructions on the part of instruc-
tors and self-regulatory skills acquired on the part
of students could go a long way towards academic
success of students.

While self-regulation forms an important and
integral part of life-long learning skills, the detailed
discussion of it is beyond the scope of this paper.
Nonetheless, the skill training can be introduced as
part of a freshmen program in a general studies
module on generic learning strategies. It can later
be embedded as specific learning strategies in
subject learning.
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