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ABSTRACT: Arranging oral presentations has always been difficult in a large project-based engineering design class of
about 110 students each year, and often ineffective. This study explores the scheme of implementing peer evaluation to
improve students’ participation and learning outcome in the oral presentation sessions. Basically, students were asked to
grade and comment on oral presentations by other students in a pre-defined manner. The effect of oral presentations with
or without the intervention of peer evaluation was compared. The obtained data, as well as the questionnaire results
showed that with careful design of the format, peer evaluation indeed improved students’ participation in oral
presentations, naturally leading to more serious and positive learning attitude and eventually a better learning outcome.
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INTRODUCTION

Engineering design is a practical problem-solving professional activity and a critical element in engineering education.
As well as gaining domain knowledge and the ability to use engineering tools, the training to deal with real engineering
problems is an important learning process for engineering students. In engineering design courses, design projects are
commonly adopted as a means for students to experience design, and project-based learning has become the main
stream thinking [1]. Students can learn more from working on design projects than sitting in lectures and, therefore,
pedagogical approaches, such as project-based learning or problem-based learning have been developed in many
engineering design courses. Project-based learning also provides opportunities for interdisciplinary learning, and has the
potential to enhance student participation, motivation and learning effectiveness [2][3].

The author has been teaching a junior level mechanical design course in a large class setting (about 110 students each
year) for the past 18 years. Though the class is large, the author still tries to incorporate project-based learning in this
course. Students were grouped into about 30 teams to work on their design projects. For example, the design project for
the first semester of the 2011 academic year asked the students to design a ping-pong ball shooting robot to participate
in a robot tic-tac-toe competition at the end of the semester. One problem the author has to deal with in this large class
setting is that, the professor and a teaching assistant (TA) do not have enough time to coach the 30 design teams
individually. Therefore, an adapted guided design procedure is built into this mechanical design course [4]. Guided
design is a structured way to lead the students to advance their design projects step-by-step through a specific problem-
solving or design procedure [5].

Oral presentation is good training for students to communicate their design concepts and can also be used to assess the
students’ performances in design projects. Students can also exchange design information, experiences and ideas with
one another over the presentation sessions. In the large mechanical design class, the author also utilises oral
presentations for design project management. The term project is divided into four step-by-step small projects in the
adapted guided design procedure. Each project is part of a step-by-step system design procedure, which is either to
develop the specifications to generate various design concepts for a subsystem or to do certain analysis or evaluation for
the design. Oral presentations of the four small projects are used as design reviews of the term design project for each
design team. It is crucial that the students receive evaluations and useful comments from the professor, TAs, and their
fellow students following the oral presentation of each small project, so they can stay on the right track and keep up with
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the schedule of the term design project. However, arranging oral presentations can be difficult and ineffective in a large
engineering design class such as in this case. The practical problems encountered in this experience in the past years are
as follows:

e  The author had to invest a large portion of class time in the oral presentations of 30 teams, but students’
participation in the oral presentation sessions was low. Most students focused on their own presentations and did
not pay attention to other teams’ presentations. The learning effect from listening and interacting with other
students in the presentation sessions was much lower than expected.

e Instead of speaking to the general audience, students often prepared their oral presentations specifically for the
professor who does the grading. Very often, the professor was the only intended audience for the students when
making presentations. Thus, the learning effect from preparing and making the presentations was also limited.

e  Students complained that the grading by the professor alone was subjective and unfair.

In a problem-solving process, there might be multiple potential solutions or alternatives for a design. Emerging
pedagogical approaches, such as cooperative learning or peer assessment/evaluation are well suited to engineering
design courses [3]. Peer evaluation has been documented as an important element in project teamwork [6], and has been
widely used in various project-based engineering courses in civil engineering [7-9], industrial design [10],
nanotechnology engineering [11], science education [12], to name a few. It was reported that students welcomed
structured feedback from peer-evaluation for a project, and the findings by William et al also suggested that professors
should structure peer-feedback during a project with peer-evaluation at the end of a project [13]. For the purpose of
managing large classes, O'Moore described the Peer Assessment Learning Sessions (PALS) to address the challenge of
providing frequent, efficient and timely assessment for large classes of 100-200 or more students, while simultaneously
enabling and providing high quality formative feedback [9].

In addition to project-based engineering courses, the implementation of peer evaluation/assessment receives much
attention in teacher education for the development of assessment skills and reflection skills of the student teachers [14-
15]. Peer evaluation/assessment is also commonly used in health professional education, in which promoting
professional behaviour and interpersonal communication skills are crucial elements [16][17]. The development of
assessment skills, reflection skills, professional behaviour and interpersonal communication skills are certainly also
important for engineering education.

This study explores the scheme of implementing peer evaluation/assessment to improve students’ participation and
learning outcome in the oral presentation sessions of the large mechanical design class. Basically, students were asked to
grade and comment on oral presentations by other students in a pre-defined manner. The second section of this article
describes the scheme for implementing peer evaluation in oral presentations and the concerns the author had when
asking students to perform the grading. To answer those concerns, an experiment was designed to explore the effects
and proper formats of peer evaluation. The grading by the students and questionnaire results were analysed in the third
section. Finally, the last section concludes the findings in this study.

IMPLEMENTING PEER EVALUATION IN ORAL PRESENTATIONS

As described in the previous section, the term design project (such as the design of a ping-pong ball shooting robot) is
divided into four step-by-step small projects in the adapted guided design procedure for the large engineering design
class. Oral presentations of the four small projects are used as design reviews of the term design project for each design
team of three or four students. Each student is required to make at least one oral presentation during the semester.
Details about the format of the oral presentations are as follows:

e  The oral presentation given by each team is limited to five minutes. As well as saving class time for 30 team
presentations, this requirement is also intended to train the students to present their work more concisely and with
better structure.

e  Students are asked to grade the oral presentations by other teams. The students’ grading has a 50% impact on the
final scores of the oral presentations and the other 50% is given by the professor. In addition, the professor gives
written comments to each team on their design work and oral presentation. The students can also provide their
written opinions and responses to the presentations.

e  The presentation scores range from six to ten points and the distribution of the scores of all the teams in the class is
pre-determined in the scoring sheet. Taking a 15-team session as an example, a student judge is allowed to give
one 6-point, three 7-points, five 8-points, three 9-points and two 10-points, to the 14 other teams in the session.

About one-third of the students’ final grade for the semester depends on their performance in oral presentations. The
student grading process described above, naturally, leads to some concerns of unfairness, real or perceived, in grading.
Students may not have adequate experience or references to assess the quality of the projects. This was why a
predetermined distribution of scores was imposed on students’ grading. However, the professor’s grading did not have
to follow strictly the predetermined distribution of scores to account for a number of equally good or equally bad
presentations.
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At the beginning of the semester, the purpose and rules of the peer evaluation were explained to the students. Student
judges were not allowed to grade their own teams’ presentations, and they were asked to sign their scoring sheets to
indicate that they were responsible for the professional judgment of the grading. Students were also guaranteed that their
scoring sheets would be strictly confidential to the professor and TAs, and would not be released to other students.
When implementing this new scheme in the class, the author did have several questions in mind:

1. Is five minutes enough for an oral presentation?
2. Do the students have sufficient ability to make professional judgments?
3. Does this scheme enhance student participation and the learning outcome?

The author conducted two trials in consecutive years, in which years students were asked to undertake a similar ping-
pong ball shooting robot project, to evaluate the effectiveness of the new scheme for implementing peer evaluation in
oral presentations. In the first year (Trial I), students were divided into two sessions (Trial I-A and Trial I-B) for design
projects and oral presentations. In Trial I-A, the grades of the oral presentations were given by the professor only. Peer
evaluation was implemented in Trial I-B, in which all students had to grade all four presentations made by other teams.
To avoid confounding experimental variables associated with participant selection, the assigning of students into Trial I-
A or Trial I-B was decided on the basis of their student ID numbers.

The second trial (Trial IT) was conducted in the following year. The number of student judges in an oral presentation
was reduced to one of the four team members. The four students in one team took turns to represent the team as the
student judge, and every student had to serve as the student judge at least once throughout the four oral presentations in
the semester. With fewer student judges, the author was able to implement a short Q&A, in which each team was
questioned by one student judge following the five minute presentation.

The grades given by both the professor and the students from Trial I-A and Trial I were compared to examine how
close the students’ grading would conform to the professor’s grading. The coefficient of variation of students’ grading
was also calculated and compared to evaluate the consistency of students’ grading.

At the end of the semesters following the four oral presentations, all students were asked to fill out a questionnaire,
which had not been announced in advance. The questionnaire was anonymous and, therefore, the students understood
their answers and comments would not affect their final grades for this course. The questionnaire was intended to
evaluate the level of students’ participation, attitude, perceived fairness of the grading process, and the learning outcome
of the oral presentations and the mechanical design course, in general, before and after peer evaluation/assessment of
oral presentations was implemented.

ANALYSIS OF EXPERIMENT DATA

In this section, data collected from Trial I and Trial II were analysed to answer the questions raised in the previous
section.

1. Is five minutes enough for an oral presentation?

To answer this question, the author examined the number of slides used in the presentations and the actual length of the
presentations. In Trial I and II, the number of slides in student presentations ranged from seven to 22 pages, and the
average was 11.0 pages. Though this average number of slides seems to be high for a five minute presentation, most
teams were able to complete their oral presentations on schedule. The average length of the presentations was four
minutes and 40 seconds.

2. Do the students have sufficient ability to make professional judgments?

It was assumed that the professor’s judgment to be professional and compared the difference between the scores given
by the professor and those given by the students. Table 1 shows the results from the four oral presentations (P1 to P4)
from Trial I-B and Trial II. Correlation coefficient is a measure of linear association between two variables X and Y.
Positive values indicate a relationship between variables X and y, such that as values for X increases, values for y also
increase. A value of exactly +1 indicates a perfect positive fit. As shown in Table 1, the correlation coefficient between
the scores given by the professor (X) and those given by the students (y) in the four oral presentations in Trial I ranged
from 0.50 to 0.68. An even stronger correlation with coefficients ranged from 0.60 to 0.79 was obtained in Trial II,
when the number of student judges was reduced to one from each team. The average difference between the scores by
the professor and the average scores by the students was 0.81 in Trial I-B and 0.72 in Trial II.

These results indicate a large positive correlation between the professor’s and the students’ judgments, even though the
professor’s grading did not have to follow strictly the predetermined distribution of scores. This finding is consistent
with the results of similar researches comparing the scores from peer and teacher [20][21]. Falchikov and Goldfinch
conducted a meta-analysis on 48 quantitative peer assessment studies comparing peer and teacher marks. Peer
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assessments were found to resemble more closely teacher assessments, when global judgments based on well understood
criteria are used, rather than when marking involves assessing several individual dimensions [21].

Further examination of the data reveals that, most of the larger differences occurred when the professor gave an extreme
score (6 or 10) to a team. Students’ grading may have a balancing effect on the possible subjectivity of the professor’s

judgment.

Table 1: The correlation and average difference between the professor’s and the students’ scores.

Oral Presentation P1 P2 P3 P4 Average
Trial I-B Correlation Coefficient 0.68 0.50 0.56 0.55 0.57
Difference In Scores 0.78 0.73 0.85 0.89 0.81
Trial IT Correlation Coefficient 0.79 0.76 0.60 0.70 0.71
Difference In Scores 0.92 0.70 0.64 0.64 0.72

To explore further the consistency of students’ grading, whether the better teams received higher scores by all student
judges and vice versa, Table 2 shows the comparison of average coefficients of variation of scores of all design teams in
the four oral presentations given by the student judges. The coefficient of variation, defined as the ratio of the standard
deviation to the mean, is a normalised measure of dispersion of a distribution. It is a useful statistic for comparing the
degree of variation from one data series to another, even if the means are different from each other. A computer program
was written to generate the scores randomly but followed the grading rules as introduced in the previous session. The
average coefficient of variation of the scores simulated by the computer program, 20.6%, represents the reference
number, if there is absolutely no consistency in the scores given to each team by the student judges. From Table 2, the
students’ grading in Trial II seems to be more consistent than in Trial I-B (with a lower average coefficient of variation).
In both trials, the coefficients of variation are far below the simulated scores by the computer program.

Table 2: Comparison of average coefficients of variation.

Scores Samples Average Coefficient Of Variation (%)
Random 20.6
Trial I-B 13.1
Trial 1T 11.0

3. Does this scheme enhance student participation and the learning outcome of the presentation sessions?
Table 3 shows the questions and results of the questionnaire given to the students at the end of the semesters in Trial I
and Trial II. The students answered those questions by indicating the level of agreement in the following statements

where: 2 - strongly agree; | - agree; 0 - neither agree nor disagree; -1 - disagree; and, -2 - strongly disagree.

Table 3: The results of the questionnaire.

. Trial Trial
No. Question A B I

1 | How much time did you usually spend on each design project? 1] 0.00 | -0.12 | 0.53
2 | How much did you participate in the design projects? 2] 0.91 1.08 1.11
3 | Your attendance in the class? ™ 0.97 1.34 1.29
How many times did you attend the oral presentations? 4 85% | 90% | 81%

4 3 8% 4% 10%
2 0% 0% 1%

1 7% 6% 8%

5 | I'tried to satisfy the professor’s requirement when preparing oral presentations. 0.88 1.34 1.16
6 | I considered the responses from other students when preparing oral presentations. 0.50 1.00 1.15
7 | I was interested in other oral presentations, and I listened to them carefully. 0.90 | 0.95 1.08
8 | The other classmates were interested in the oral presentation by your team. 0.31 0.60 0.81
9 | I'learned to do better design from listening to the oral presentations of other teams. 0.90 1.44 1.45
10 | I can improve my oral presentation skills from listening to other presentations. 0.78 1.10 1.32
11 | I cared about the grades of my team after project presentation. 0.77 1.06 1.44
12 | I cared about the comments given by the professor following the project presentation 1.02 0.88 1.43
13 | I feel it is fair to have a pre-determined distribution of scores for the presentations. 040 | 0.15 | 0.62
14 | I feel it is fair to allow student to grade others. 0.56 0.45 0.92
15 | I feel the grading of the oral presentations emphasised the design content. 046 | 0.65 | 0.69
16 | I feel the grading of the oral presentation emphasised oral presentation skills. 046 | 0.65 | 0.90
17 | I feel the grading for oral presentation is objective. 0.16 | 094 | 0.55

222



18 ;l;}:lfn ?omments given by the professor helped me understand the pros and cons of my 0.77 091 121
19 | The grades of the oral presentation of my team met my expectation. 0.32 0.53 0.69
20 | T am more serious about the design project because of the oral presentations. 0.62 1.26 1.23
21 | Tunderstand the professional knowledge better because of the oral presentations. 0.72 1.44 1.25
22 | The oral presentations helped me enhance my ability to express and communicate. 0.78 0.94 1.25
23 | The oral presentations helped me improve my ability to cooperate with other people. 0.74 0.90 1.25
24 | I would rather make oral presentations than take examinations. 0.77 1.07 0.92

[1] 2=12 hours or above; 1=9-12 hours; 0=6-9 hours; -1=3-6 hours; -2=3 hours or less
[2] 2=100%; 1=75%-100%; 0=50%-75%; -1=25%-50%; -2=25% or less.
[3] 2=100%; 1=75%-100%; 0=50%-75%; -1=25%-50%; -2=25% or less.

The questions in the questionnaire were organised into four groups. Group 1 (Questions 1-4) asked students for a self-
evaluation of class participation. The results reveal that the students in Trial I-A, in which there was no peer evaluation,
had the lowest class participation in their self-evaluation. Group 2 (Questions 5-12) asked students about their attitude
towards the oral presentation. With the peer evaluation scheme, students in Trial I-B and Trial IT had a more serious and
positive attitude than students in Trial I-A. They considered the response from other students when making the
presentation (Question 6), and they seemed to pay more attention to the presentations by other teams (Questions 9 and
10). Note that students in Trial II cared about their grades and comments a lot more than students in Trial I (Questions
11 and 12).

Group 3 (Questions 13-17) asked students about their feeling towards the grading. The perceived fairness towards the
rules of grading improved slightly in Trial II (Questions 13 and 14), though students in Trial I-B had stronger agreement
on whether the grading is objective (Question 17). Group 4 (Questions 18-24) asked students whether they had learned
from making oral presentations. Again, with the peer evaluation scheme, students in Trial I-B and Trial II were more
positive about the learning outcome of making oral presentations. Note that in Trial II, students had a significantly
stronger agreement that their ability to express, communicate and cooperate with other people improved because of the
oral presentations.

DISCUSSION AND CONCLUSIONS

Oral presentation is an essential element of engineering design courses. However, arranging oral presentations has been
difficult and the outcomes ineffective in the large project-based mechanical design class of about 110 students each year.
This study explores the scheme of implementing peer evaluation to improve students’ participation and learning
outcome in the oral presentation sessions. Basically, students were asked to grade and comment on oral presentations by
other students in a pre-defined manner. The author conducted two trials in consecutive years to evaluate the
effectiveness of the scheme with different formats. The data and questionnaire results showed that with careful design of
the format, peer evaluation indeed improved students’ participation in oral presentations, naturally leading to more
serious and positive learning attitude, and eventually a better learning outcome.

In this research, the author found that the peer evaluation format in oral presentation has a significant influence too. To
give some reference points to the students, a predetermined distribution of scores was imposed on students’ grading.
This may increase the level of difficulty of grading at the same time because all presentations must be heard before
scores can be given, and students were forced to make strict judgments by picking out the best presentations and worst
presentations. The professor’s grading did not have to follow strictly the predetermined distribution of scores to account
for a number of equally good or equally bad presentations.

The proper number of student judges was also a concern. In Trial II described in this article, only a quarter of the
students were assigned to be students judges in oral presentations. These students seemed to have a greater sense of
responsibility than in Trial I-B, when all students could give scores. As a result, student judges exercised their
professional judgment more carefully, and the scores given by students had a higher correlation with that given by the
professor and lower coefficients of variation.

Another side effect is that, with fewer student judges, the author was able to arrange a short Q&A session following each
oral presentation. In the questionnaire, students in Trial II (with the Q&A session) expressed significantly stronger
agreement that making oral presentations helps them to improve their ability to express themselves and to communicate
and cooperate with other people.

The peer evaluation process described in this article naturally leads to concerns of the subtle issue of fairness in grading.
Our questionnaire results showed slight improvement in perceived fairness after the peer evaluation was implemented.
Further examination of the scoring data reveals that students’ grading may balance the possible subjectivity of the
professor’s judgment.

The peer evaluation scheme presented in this article may not be innovative, as many engineering design classes might
have implemented peer review process in oral presentations. However, the data obtained in this research provide solid
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evidence that implementing peer evaluation, indeed, improves students’ participation in oral presentations. Though the
motivation of this research was for the large mechanical design class, the author believes that the experience and
findings in this research can be also useful for other engineering design courses planning to implement peer evaluation.
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