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ABSTRACT: The purpose of this study was to investigate the effect of reflection on students performance and
assessment in civil engineering. In this study, the students in the final semester of a civil engineering programme were
divided into two groups: the first group was tasked with writing a reflective paper, and the second group, a control
group, was not required to write a reflective paper. Both groups were then assessed through a test based on the content
of alecture. The data were analysed in two parts. The first part comprised examination of the content of the reflective
paper and its impact on students performance. In the second part, the performance of both groups of students was
compared. A research hypothesis was specified and tested. The hypothesis was tested through two independent samples
t-test to determine whether there was a significant difference in the mean result between these two groups of students.
The study revealed that the use of reflection in civil engineering education potentially could improve students
performance.
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INTRODUCTION

The theory of reflection [1] is a form of thinking as an aide to knowledge development [2]. In the Kolb cycle of
reflective learning, reflection involves observing and thinking from experience [3]. From previous studies, it has been
suggested that reflection helps knowledge development through deep thinking while reflecting on experience.

The use of reflection has been implemented in teaching, nursing and other professional occupations related to the social
sciences [4-7]. However, the use of reflective practice has been only recently introduced into engineering education [8].
For some study programmes, such as civil engineering, the idea of introducing reflection as one of the learning tools is
relatively new in Brunei Darussalam.

The current practice of reflection has been implemented as part of Learning in the 21st Century [9][10]. It is suggested
that students’ reflection can be part of a dialogue between students and teachers, to improve learning [11]. In addition,
students' reflection has been a part of formative assessment, to improve the learning of studentsin schools[12].

Presented in this article is a study of integrating reflection into a civil engineering programme, and its impact on
students' performance and assessment. The study subjects were 46 students who were in the final semester of a Higher
National Diploma (HND) in a civil engineering programme. All the students shared the same material and information
concerning a topic on foundation engineering. Half of the students wrote a reflective paper. At the end of this study,
all students were assessed through a class test based on the content of lectures.

METHODOLOGY

The students were informed at the beginning of a class that half of them were required to write a reflective paper of no
more than two A4-pages based on what they experienced and learnt during the lecture. However, the students chosen to
produce the reflective paper were identified only at the end of the lecture, and they were required to submit the reflective
paper on the next working day. On the day of submitting the reflective papers, all 46 students were given a class test
without prior notice, based on the lecture topic. After the test, a short survey was carried out to obtain the students
feedback on the introduction of reflective papersin their studies.
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DATA ANALYSIS

The data were analysed in two parts: the first examined the content of the reflective papers and their impact on students’
performance. The reflections may differ depending on how the knowledge was absorbed.

The second part of the analysis was aimed at distinguishing the performance between the two groups of students during
the test. To do this, a research hypothesis was specified and tested. It was predicted that the students’ performance on
the test improved when they participated in writing reflective papers.

A two-sample t-test [13] was applied, to determine whether there was a significant mean difference between these two
groups of students. Hence, the null hypothesis was that there is no difference in the performance of students between
groups. The null hypothesis would be rejected if the p-value was less than the significance level of 0.05. It should be
noted that a one-tailed instead of two-tailed test was used as it is predicted that introducing a reflective paper will only
have a positive impact on students’ performance (or a zero impact if the null hypothesis was accepted) [14].

REFLECTIVE PAPERS AND THEIR IMPACT ON ACADEMIC PERFORMANCE

It was observed that there was a general misconception among students about the concept of reflective papers.
Most summarised the content of the lecture only, without giving any thought to, or judgement on, their experiences
while acquiring the knowledge. Nevertheless, the students' reflective papers were still useful, as they can be correlated
with the students' performance in class.

The analysis of 24 students' reflective papers showed that the students discussed three subjects in their reflection,
aspresented in Table 1.

Table 1: Subjectsin students’ reflective papers.

General description of the students' learning
experiences and the approach to teaching/learning
Limitations of the lecture and recommendations for
future lectures

Subject 3 | Description of what the students learnt in class

Subject 1

Subject 2

All students included what they learnt in class (Subject 3), but only six students added their |earning experience (Subject 1).
One student pointed out the limitation of the lecture and provided a recommendation that needs to be considered for
future lectures. It was further observed that the depth of students’ focus in explaining what they learnt in the class can be
divided into three parts, i.e. the students either:

1) simply listed the outline of the topic;
2) reasonably described what they learnt, but only a few learning outcomes of the lecture were selected; or
3) thoroughly explained what they learnt in great detail, that included explanations aided by diagrams and equations.

The students’ test results suggested that the students who thoroughly explained what they learnt in the lecture tended to
score higher marks than those who briefly outlined the topic. However, it was identified that there was one case where
a student achieved a relative low mark, i.e. 40 percent, even though a detailed reflective paper was produced.
A summary of the relationship between the students' performance in the test and the depth of students’ reflection is
given in Table 2. Even though there was a slight discrepancy in terms of the students' performance, it was still observed
that the performance of students (test result) closely related to how the reflective papers were prepared by the students.

Table 2: Relationship between the depth of students’ reflection and performancein the test.

) Number of studentsin the mark range of %
Depth of students’ reflection
<40 40-59 60-79 80-100
Brief outline 1 6 0 0
Reasonabl e description 1 5 5 0
Detailed explanation 0 1 1 4

It can be argued that with reference to the previous study, the quality of a reflective paper may also depend on the time
needed for the students to reflect on the lecture [5]. This is because reflection in learning involved time allowance for
the students to organise their thoughts, process the content of the lecture, and reorganise and construct their
understanding of the knowledge [1-3]. In this case, as the students were asked to submit the paper on the next working
day, some students may not have had adequate time to prepare a thorough reflective paper.
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REFLECTIVE VS NON-REFLECTIVE STUDENTS

Further analysis was conducted of the two groups of students, i.e. the 24 students who wrote a reflective paper and the
22 students who did not. This suggested that the students who wrote reflective papers performed better than those
students who did not, as shown in Figure 1.

Figure 1: Marks distribution for the two groups of students.

Given the pass mark for the module was 50%, the group who wrote the reflective papers achieved a 58% pass rate with
an average mark of 57.9% compared to the other group of students who achieved a 41% pass rate with an average mark
of 46.2%.

A further review of the failed scores revealed that students who wrote a reflective paper and failed the test mostly had
obtained marks in the 40-49% range and only two students obtained marks below 40%. However, the outcomes were
opposite for students who were not involved in writing the reflective papers, as shown in Table 3.

Table 3: Students' performance in the marks range bel ow 50% pass.

Marksrange Number of students
(below 50%) and %
With reflective paper | Without reflective paper
(%) (%0)
40-49 80 31
(8 students) (4 students)
<40 20 69
(2 students) (9 students)

The above result was supported by the statistical t-test, with a p-value of 0.03. This indicates that the null hypothesis for
this study was rejected since the p-value is less than 0.05. This clearly shows that the difference in students' test
performance between these two groups was statistically significant.

The overall result shows that the introduction of reflective papers for engineering students in higher education
potentially could improve the students' performance. The introducion of reflective papers for 21st Century learning
[91]10] is well supported by this study. Even though the focus of the reflective paper may vary among students, the
results still demonstrate that these students produced better performance in the test compared to those who had not
produced areflective paper.

STUDENT FEEDBACK ON REFLECTIVE PAPERS

Some students initially gave a negative response to the idea of writing a reflective paper. A common concern was the
additional workload required to write a reflective paper, adding to the number of assignments that the students needed to
submit during the semester. Nevertheless, some of the students were curious and enthusiastically participated in the study.

After the test was conducted, the students commented that the idea of writing a reflective paper may contribute to
a better understanding on the taught topic. They added that their experience in reflecting on the lecture may help them to
perform better in their tests and assignments. It helped to structure their thinking, and hence construct their knowledge.
It was observed that during the second cycle of writing a reflective paper (after the work in this study), students were
more committed. From preliminary analysis of the second reflective paper, students appeared to be more engaged and
had better understanding of the concept of reflection.

A subsequent survey of 32 students from this group showed that all respondents provided positive feedback on the idea
of introducing reflective papersin their study. A selection of student feedback follows:

| can expresswhat | did not understand during lecture so that the lecturer will be aware about the problem.

| can tell the lecturer what | feel about the lecture so that she can improve if there is anything that needs to be
improved.
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The reflective paper will be very useful since we tend to leave studying to the last minute; writing a reflective
paper forces us to revise the topic which would probably make it easier for usin the long run.

Reflective paper comprises the summary of the lecture. It helps me to highlight important points of the lecture.
Reflective paper gives greater under standing towards the lecture content.

It helps me to reflect back on what happened in the class; reflection paper indirectly acted like a self-revision after
the class.

When | wrote the reflective paper, it made me do further on-line research about the topic.

| am sure that ongoing reflective activities help students to be more motivated and focused in the class because all
of us know that at the end of the class we were asked to do a reflective paper.

CONCLUSIONS

The rejection of the null hypothesis reveals that there is a statistically significant difference between students who wrote
areflective paper and students who did not write a reflective paper. The study demonstrated that, in addition to a lecture,
the use of reflective paper in the civil engineering programme has improved the students performance in the subsequent
test. Moreover, it showed that the quality of the students’ reflective paper, evaluated in terms of the focus, depth and the
content of the subject area, also influenced the students' performance. Although some of the students initially were
reluctant to participate in writing the first reflective paper, the students’ subseguent feedback showed positive responses
after the test was conducted. The students became more appreciative and better understood the usefulness of writing
areflective paper.

Despite the positive impact of reflective papers on students' feedback and performance found in this study, the
effectiveness of reflective papers in other modules or other topics for the same module has not been evaluated. Thus, it
is recommended for future work to expand this study using a similar approach with other engineering topics in the civil
engineering programme. The study also could be improved by including comparison groups comprised of students with
similar abilities or only focusing on students who had the same experience and opportunity to write reflective papers.
Furthermore, in order to expand the use of reflection in engineering education, it is important to address the issue of
students' general misconception of writing a reflective paper.
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