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Incorporating Technical Peer Review of Civil Engineering Student Projects
Abstract

Practicing engineers use peer review of most work products on a regular basis. While peer
review of team members and peer review of classmate’s writing and presentation has been
extensively researched, the use of student peer review of engineering work products has not been
similarly explored in engineering. This paper presents the implementation of a peer-review cycle
into the team course project in both a junior-level structural analysis course and a senior-level
capstone civil engineering design course. The peer review process asks students to evaluate and
provide feedback on both the analytical content as well as the written presentation of the project.
This process allows students to see different approaches to the same problem. Their familiarity
with the problem allows them to provide constructive feedback, while reviewing the work of
another group allows them an objectivity they cannot yet apply to their own work. The peer
review cycle not only enhances the learning of the material for the course, but it is also a critical
engineering skill for students. This paper presents a model for classroom practice, which is based
on the peer review, tutoring, and teaching literature, to develop both knowledge and skills in
students.

Introduction

Active and project-based learning (PBL) strategies provide a great means for students to enhance
their learning and further develop critical engineering skills [1-6]. PBL provides complex tasks
based on challenging questions or problems that involve the students' problem solving, decision
making, investigative skills, and reflection. The activities are student centered and focus on real-
world problems and issues, which further helps motivate students to learn. However, students
still struggle with making decisions between approaches and when not given exact procedural
steps want the reassurance they are “doing the correct thing” to meet the project requirements
[2, 7]. Higher-order thinking by students involves the transformation of information and ideas.
This transformation occurs when students combine facts and ideas and synthesize, generalize,
explain, hypothesize or arrive at some conclusion or interpretation. These skills are valued
because they better prepare students for the challenges of professional practice and daily life, as
well as for advanced academic work. Bloom’s revised taxonomy is a multi-tiered classification
system for learning that identifies six cognitive process categories in increasing complexity [8-
9]. Research indicates that PBL can frequently and reliably get students to reach the Applying
level [10], student’s struggle with the Analyzing and Evaluating levels, and frequently do not
reach the Creating level of the taxonomy.

In order to address these issues, a technical peer review cycle was introduced into the project
component of several junior and senior level courses. The goal of peer review is to improve
student’s higher-order thinking skills, specifically critical thinking and metacognitive skills,
through learning how to perform peer review of civil engineering products. Approximately half-
way through the project completion, student teams are asked to review the work being done by
another student group and provide formative assessment that can be used to refine and improve
the work in progress. This approach is grounded in existing educational research into how people
learn [11], as well as the benefits of peer review on developing student writing abilities [12-13].
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In this case, development of content knowledge is targeted in addition to increasing students’
communication ability. The model follows a direct teach, then learn by doing, and finally, a
learn by reviewing/teaching format.

The outcomes of this process include:

« enhanced motivation: to improve the quality of both the learning process and the ability
to give (and receive) constructive feedback;

e improved cognition and social outcomes in learning: to encourage deeper level or
higher-order thinking, and to develop collaborative skills;

e an increased sense of responsibility for one's own learning: to enhance ownership of
the learning process and the constructed knowledge; and

e improved metacognitive skills: to enable students to reflect more critically on their
learning.

In summary, this paper presents a model for classroom practice, which is based on the peer
review, tutoring, and teaching literature, to develop both knowledge and skills in students.
Evidence of the effectiveness of this strategy is presented, including comparing student
performance when peer review is utilized with the performance without peer review.
Course and Project Descriptions

CVEN 345 — Theory of Structures

Structural analysis, or Theory of Structures, is part of a strict course sequence within the civil
engineering degree plan. The sequence starts with basic Statics, which can only be taken after the
completion of the freshman year. The sequence then progresses into Mechanics of Materials, into
Structural Analysis, and finally to at least one senior structural design course, which may be steel
or concrete design. All civil engineering students are required to take the above course sequence,
independent of their area of specialization. Only 15-20% of all students choose to specialize in
structural engineering, the most directly relevant specialty area to the sequence.

A “typical” syllabus for a structural analysis course might include the following topic list:

1. Analysis of determinate beams and frames: determinacy; reactions, shear, and
moment diagrams;

2. Analysis of trusses: classification; method of sections; method of joints;

3. Influence lines for determinate structures: trusses; beams; vertical loads on frames;
moving loads;

4. Approximate indeterminate analysis: portal method; cantilever method; moment
diagram from deflected shapes;

5. Deflections: double integration; moment-area; conjugate beam; virtual work; virtual
work for trusses; virtual work for beams; virtual work for frames; theorems of
Maxwell, Betti and Castigliano; and

6. Indeterminate analysis: superposition; influence lines for indeterminate beams,
frames and trusses; slope-deflection equation; moment distribution without side sway;
moment distribution with side sway; introduction to matrix structural analysis.
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Other topics such as approximate methods, column analogy, cables, arches, curved beams, etc.
often are added at the discretion of the instructor

Project-enhanced learning is not typically part of the traditional course structure. However, since
Spring 2004 some of the course instructors have chosen to incorporate this learning experience
into the course [7]. Much like problem-based learning [8-10], the students are given a realistic
problem with the goal to aid the students in the acquisition of critical knowledge, problem
solving skills, self-directed learning and teamwork. Projects can be particularly effective
metacognitive experiences as they require several skills that are metacognitive in nature:
planning the way to approach a learning task, monitoring comprehension, and evaluating the
progress towards the completion of a task.

The projects for the structural analysis course have several objectives: 1) to allow students to
tackle a larger and more realistic civil engineering problem; 2) to expose students to
computational tools used in solving civil engineering problems; and 3) to evaluate critical
thinking and communication skills. The projects are designed to be solved by student teams, who
are told they are acting as consultants on the project posed. The project increases in complexity
as the semester progresses, where initially the number of choices and variations available are
few, and progress to an open-ended solution being required of the student teams. The projects are
designed to emphasize interpretation of numerical results rather than pure numerical
computations. The content objectives of the course are the focus of the project, but they also
require a connection between previous knowledge to new concepts, and connecting new
knowledge to concepts in other courses and/or disciplines.

Positive results from implementing projects have been documented [7] and clearly demonstrate
that the students perceive benefits from the projects in their analysis course. These benefits
include specific skills related to ABET outcomes (such as problem solving and teamwork) as
well as benefits in motivating, learning, and understanding the course content. The students
perceive these benefits while still struggling with the course requirements, and the perception
continues in later courses where they also see an impact in improved performance when
compared with students not exposed to the projects. However, students still struggle with
evaluating the choices and assumptions made as well as with how to analyze and interpret their
results when not given a specific solution presentation or process. For example, the project asks
that internal forces and stresses be determined for the structure, but it does not specify how those
results are to be presented. Students then ask for specific instructions: “Do you want a table?
Graphs? How many? They are not comfortable when the instructor replies asking them to
consider why those results are important in the context of the entire project and to use that to
determine how to best present the information.

CVEN 400 — Capstone

This study was conducted in a senior capstone design class for civil engineering students. Self
selected groups of four or five students work in a largely self directed environment to design a
project. The project for the semester reported herein was to create a design for a neo-traditional
neighborhood on a 46 acre tract of land about 10 miles south of the campus. In addition to the
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on-site design issues to meet client expectations; students are required to grapple with a range of
other issues typical to this type of engineering project:

city design standards and development ordinances;

environmental impacts (the tract includes floodplain);

impacts to adjacent property owners (primarily stormwater); and

property access issues (although the track is bounded on two sides by streets, neither is
currently sufficient to serve the development).

The student teams were provided with a site survey and topographic map of the site and
immediate surrounding area.

Implementation of Student Peer Review

In order to address the issues identified above, a peer review cycle is introduced into the project
course component. A peer-review of the performance of the team members was already utilized
in prior implementations of the project. In a cooperative learning environment, students
themselves are often in the best position to provide one another with meaningful feedback
regarding both their technical and interpersonal performance [11-12].

The peer-reviews are double blind: the students don’t know who they are reviewing, nor do they
know who reviews their work. Additionally, the reviews rotate among the groups for the two
different project parts, maximizing the diversity of feedback a group can receive as well as
exposing students to a greater variety of approaches. Additionally, the peer-review is utilized in a
strictly formative fashion, and score peers give to another group are not included in the final
grade computation. Rather students groups are graded on the quality of the peer-review feedback
provided. So peers have no incentive to grade harshly (skew the “curve”) or to grade easily
(benefit their “friends™).

The instructions for review given to the peer groups include the rationale for doing the review
and are given below:

“Part of your team’s responsibility will be to review the work submitted by another team
in your class. Reviewing the work of another engineer with a critical eye is an important
skill that you will use frequently in your professional career. The goal is to provide
constructive feedback so that future work submitted by the team is improved. Your team
will be evaluated on the quality of the feedback provided — being too easy or too hard
will not help anyone improve as well as instructions on marking projects and grading
rubrics.”

It is critical to emphasize what students are learning in terms of course content, as well as what
they are gaining in other ways from performing the peer-review cycle. Both parts of the peer
review cycle add to the learning outcomes (learning from the good and bad approaches attempted
by the other team & getting peer feedback about the clarity and correctness of their own
approach). This not only improves student motivation and the quality of the work, but it also
increases the desired outcomes from the activity. Other ABET outcomes, such as
professionalism, communication, etc. also benefit from the peer review activity.

G568 ¢e abed



Specific rubrics are provided for students to evaluate both the written report (30% of project
grade) as well as the analytical content (70% of project grade) of the project. The rubrics
breakdown those two components into the following categories:

Report: organization, writing, content
Analysis: organization, content

Within each sub-component, additional elements are listed to guide the students into what they
should be evaluating. For example, under the Report Organization section, the following sub-
categories are identified:

The heading of a memo complete: includes all components (such as To, From, Subject and
initials)

All sections present and in correct order

Figures and tables numbered sequentially and with captions

Figures, tables referred to in text

Figures with multiple curves have legends

Calculations and codes in appendix

In contrast, the Report Content section has sub-elements focusing on the specific report
components (such as Introduction, Problem Description, Results, etc...) and specific criteria for
each element. For example, the Results section is evaluated based on whether the results are:

Clearly presented

Effective format used (tables, graphs...)
Explained in text

Explanation logical and consistent
Refer to supporting calculations
Emphasize main implications

The above items serve to emphasize that selecting the best strategy for presenting information is
part of the project task. It also clarifies that simple presentation of numbers is not sufficient, and
that engineers are required to evaluate and interpret the results obtained.

The rating for each element is also clarified:

1. Excellent: perfectly well done and presented. This would be equivalent to scoring between
95% t0100% on the item.

2. Good: the item is present and mostly makes sense. We generally agree with the results
though there may be some minor errors. This would be equivalent to scoring between
75% and 95% on the item.

3. Fair: Calculations present and somewhat easy to follow, but process/calculations not 100%
accurate. Some significant errors (such as double counting loads) are present. This would
be equivalent to scoring between 60%and75% on the item.

4. Poor: Calculations present and somewhat easy to follow, but process/calculations have
substantial errors are present. Alternatively, the process/calculations are so difficult to
follow cannot tell if they are really correct or not.

5. Fail: The item is simply not present.
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Additionally, comments could be made for each rubric component, overall comments, as well as
comments within the project submission. The instructions for utilizing the rubrics emphasized
that both positive as well as negative feedback was important.

CVEN 345

The same basic project utilized in previous semesters is being utilized this Spring 2010. The
project involves the static analysis of a three-story steel moment resisting frame structure subject
to both gravity and lateral loads. The specific dimensions, section properties, and load
parameters vary each time the project is utilized. In this implementation, the building is an office
building situated in Seattle.

The project is broken up into 3 parts; this allows for groups to submit intermediate deliverables
along the semester. The first two parts of the project are to be reviewed both by the course
Teaching Assistant (TA) and another project group in the course, the latter of which performs the
Peer Review as a group. Two separate submissions are required from each team so that the
reviews can be conducted in parallel. The final portion of the project is due at the last day of
classes, so implementing a Peer-Review cycle is not feasible. Rather, at that time the students
review their own team performance.

CVEN 400

The project timeline requires intermediate deliverables along the semester. The 30% submittal
documents for the project were reviewed by the instructor, by an engineer/practitioner acting as
the client, and another project group in the course, the latter of which performs the Peer Review
as a group. Multiple copies of the 30% submittal were required from each team so that the
reviews could be conducted in parallel. The final project submission is due at the last day of
classes, so implementing a Peer-Review cycle for that submission is not feasible. Rather, at that
time the students review their own team performance.

Results
CVEN 345

The first part of the project focuses on determining the unfactored loads, load paths, and loading
diagrams for the various structural members. While this step is arguably the most straight-
forward, students needed to make modeling decisions such as whether to use one-way or two-
way slab behavior and how the external cladding is supported by the structure. The submission is
in the form of a short technical report, where the basic outline and sections are given to the
students in a template. However, no specific instructions are given on how to present the loads
and loading diagrams.

I. Comparison of TA Review and Peer Review

Both the TA and the peer-groups utilized the same scoring rubrics available for both the report
and analysis components. It was important to utilize the same rubric to emphasize the parallel
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nature of the review process. However, the TA had more flexibility in utilizing the rubric and
could modify it to better suit a team’s submission and approach. For example, one of the teams
did not explicitly present the loading diagrams for the beams. However, the group had gone
beyond the minimum project requirements and determined the shear and moment diagrams. The
peer-group assigned a zero score for the diagram component as those drawings were missing. In
contrast, the TA penalized the group for the missing diagrams but gave them extra-credit for
having the correct corresponding moment diagrams, mitigating the impact of not having the
diagrams. The average scores for each rubric component are given in Table 1 below, with the
standard deviation presented in parenthesis.

TABLE 1
CoMPARISON TA AND PEER GRADES FOR PROJECT PART 1
Component TA Peer Diff.
Analysis Organization [30pt] 28.1 (2.4) 25.6 (3.1) -2.6
Content [70pt] 62.6 (5.8) 55.8 (10.9) -6.8
Organization [10pt] 9.7 (0.7) 8.7 (1.1) -0.9
Report Writing [20pt] 20 (0) 15.9 (2.8) -4.1
Content [70pt] 64.7 (11.2) 51.7 (15.1) -13.0
Total 91.8 (6.0) 79.9 (12.8) -11.9

In general, peers scored more harshly than the TA as indicated by the negative score differences
presented in the last column of the table. This is true not only for the class average but apparent
when looking at the individual group scores, as shown in Figure 1. Additionally, there was
greater variation in the peer scores than those from the TA. This is to be expected as the TA
could review all the projects and hold a consistent grading benchmark throughout the process. In
contrast, the peer-review groups only had their own previously submitted work as a reference for
comparison.

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0 . T )

Total Project Score

Group Number
FIGURE 1
INDIVIDUAL GROUP FINAL GRADES FOR PART 1: TA vS. PEER.
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Where students had better agreement with the TA included those components that are fairly
straight-forward, such as the organization components. Those sections included consideration of
whether all figures were numbered and referred to in the text. In the analysis organization, items
included neatly presented calculations, presence of units, and identification of assumptions.
These elements are fairly easy to identify and both the TA and Peer Groups did a good job with
these components. The differences between the two arose from the assignment of points if
something was not perfectly done.

The greater differences occur in the content components, where identifying and evaluating the
missing or incorrect elements is more difficult. The good news is that the TA and Peer Groups
agreed on the elements that were well done as well as the elements that were missing or poorly
executed. Again, the difference came in the assignment of points: “how much is this worth.”

Comments written by peers were typically detailed, particularly in the report section of the
submission. Students marked both grammatical errors (such as run-on sentences, verb agreement,
use of first person) as well as content comments. For example, when one team utilized the
phrase: “We chose to use a theoretical mathematical method to analyze the loads” the comments
not only caught the use of the first person but also noted that the phrase “theoretical
mathematical method” is vague and needs significant further clarification. Students also
complimented when a good section occurred, so comments like “good concise description of
wind load procedure” were found.

I1. Survey of Student Perceptions

While student perceptions do not fully justify the selection of any single learning activity, they
often provide insight into why certain activities work and how they impact their own behavior.
The groups received both the TA and Peer-Reviewed submissions and feedback on the same day.
They were asked to look over both corrected copies and to remember that the score on the peer-
review was not a grade. They were told to reflect on the feedback as well as their own process
for performing the review as they would be asked to provide feedback on the process in a survey
a few days later. The survey asked students to rank on a scale of 1 to 5:

1. How difficult was it to perform the Peer-Review? (1: Very Easy; 5: Very Difficult)

2. How much did you learn reviewing the work of another group? (1: Very Much; 5: Very

Little)

So for both questions, the desirable outcome is 1. However, the scales are slightly different in
that the neutral posoition in question 1 corresponds to a rating on 3, while all the responses for
question 2 correspond to learning gains. The results from the survey are presented in Figure Il
below, where the number of responses for each scale level is given in the table. In both cases, the
results are skewed toward the positive end of the choices: students in general found doing the
review not difficult, with an average response of 2.58, and felt they learned something from the
process, with an average response of 2.21. While the numerical averages are somewhat close,
due to the nature of the scale the responses for learning gains are actually significantly more
positive.
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FIGURE 2
RESPONSES FROM STUDENT SURVEY ON PEER REVIEW CYCLE.

The students were also asked to comment on what they learned from performing the review. In
general the comments also reflected that doing a review was a useful exercise, as well as gave
perspective on how the grading process works. For example, a sample comment was:
“How hard grading must be and how mean of a grader | am. | got to see another approach to
calculations. Was a useful tool for our beginning engineering abilities.”

The most frequent topics and sample comments include:
1) organization of information,
e “|learned good and bad ways of organizing information in terms of the readers'
understanding.”
e “It was crucial to see how things were organized and how this affected the ways to
understand the project”

2) presentation of information/data,

e “| learned that even though our group may understand what we write down, it doesn't
mean someone else will fully understand our examination or method”
e “| learned other creative ways to demonstrate data. Tables in excel for example”

3) analysis approaches.
o “| learned different ways that the project can be looked at and analyzed”
e “| found mistakes in my work, by looking at other people's work”
“We could see parts of the project that we could have done a different & more effective
way by looking at the way the other team did their project”
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4) teamwork skills,
e *“...the importance of working wholly as a team so the project flows completely.”
e “Have multiple people read over so the idea you're trying to convey is clear”

The first three items and related comments indicate that the students are utilizing this process not
only to learn the material but also to think about their own approach to the various problems
presented in the project process. These are then indicative that the peer-review cycle is providing
a mechanism for students to enhance their metacognitive skills.

The students also provided feedback on the usefulness of the feedback received from both the

TA and the Peer-Review group. As expected, the students strongly valued the feedback from the

TA as being more correct. They also in general also found the Peer-Review feedback to be

helpful. Some sample comments are:

o “Very (helpful), gave explanations of why they graded everything the way they did.”

e “It was helpful because it provided an alternative viewpoint and helped us realize where
some of our mistakes were made.”

e “Very helpful towards revision and future tech. writing.”

e “Very helpful to hear from other students & easy to understand. It helped us focus more on
details and make our calculations easier to follow.”

“It was very helpful. It showed me some mistakes | made and caused me to consider things |
had not considered yet.”

Even though the scores received from the Peer-Review will not be included in their grade,
students are still highly sensitive to those numbers. They perceived the review as being harsher
than that of the TA, though in general the comments and identified weaknesses were actually the
same. Some sample comments:
e “There was definitely helpful feedback, but it was sometimes buried in the high volume
of nit-picking or personal preference.”
e “The peer feedback was good to know, although a bit harsh.”

CVEN 400

Students were surveyed regarding their experiences in conducting and receiving the peer review.
Students reported a variety of topics when asked what they learned from completing a peer
review, a few focused on learning content better or realizing a mistake they had made, however,
most reported revelations such as:

e | realized how important it is to be completely clear when presenting an idea... If a
classmate cannot understand the concept, a client will definitely not be able to
understand.

e ...sometimes one can become close minded and unable to think outside of ones original
idea
I also learned that it is painfully obvious when a report was rushed

e Saw how difficult it can be to understand an idea if it is poorly presented

e Itis best to have someone double check your work ...

e That we need to take time outside of class to organize the entire project better
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Students also were asked to rate level of difficulty and how much they learned using a Likert
scale. A score of “1” is best for all bars shown in the figure shown below, 1=very easy for the
“How difficult?” ratings & 1=very much for the “How much did you learn?” ratings. It is
amazing that no one found it “difficult” to do the peer review, nor did anyone learn “little” or
“very little” from the process of completing a peer review.
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FIGURE 3
HISTOGRAM OF SURVEY RESPONSES.

The above results focus on the process of completing a peer review — both “How difficult is it to
complete a peer review?”, and “How much did you learn from doing a peer review?”

Another measure of the usefulness of a peer review is “How much did you learn from receiving
the comments received from a peer review of your project?” In this case, it is useful to view their
responses from two perspectives. First, those receiving the best feedback (in the opinion of the
instructor) placed a high value on the feedback, whereas those receiving less valuable feedback
(again based on instructor judgment) placed less value on the feedback. A second, and perhaps
more valuable perspective, can be achieved by comparing the value placed on the feedback
compared to the value placed on feedback obtained from an engineer practitioner (acting as an
informed client). It should be noted that the same engineer provided feedback to all teams AND
the students were unaware of the identity of the consultant at the time of the feedback. A sample
of matched pairs is presented in Table 2.

The comments above are representative in terms of their relative frequency and content. Across
the board, students valued owner feedback, as that was seen as providin exact guidelines on
expectations. This is particularly true as this owner gave very specific and detailed feedback to
the teams. Peer feedback was generally helpful, though as clearly remarked by student D the
performance of the review was more useful than the feedback received. Comparing the
usefulness of the two types of feedback is difficult, as the students perceived them very
differently: owner feedback constituted “instructions” while peer feedback was “advice.”
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TABLE 2

REPRESENTATIVE STUDENT COMMENTS

Group Comment on student feedback Comment on client feedback

A Moderately helpful, it was good to see Very — they are who this project is
where we were being unclear or designed for so everything they

confusing mentioned is addressed

B Very helpful. They pointed out some  Very detailed. We now know the exact

flaws that we will have to correct direction our team needs to go...

C Pretty helpful; the other group caught The clients feedback was even more
some errors ... which ended up helpful because it gave us better insight
changing our layout quite a bit. as to what he wanted.

D I believe it was helpful but not to the Very helpful! The clients feedback

extent that looking at another teams helped enforce the basic goals that our
design was. group had strayed from a little.

E Not terribly helpful. We did not receive  Very helpful. These comments help us
any major comments/ changes. hone in on what we need to do to meet

the client’s expectations

F It was moderately useful. However, the The clients suggestions were very good

recommendations were not exactly in
compliance with the design standards...

and made us aware of things that we
had not considered ... our client took so

long to get back to us ... we had to
backtrack ... otherwise we loved the
suggestions

Summary, Observations and Conclusions:

Students can do meaningful peer-review (even of a broad civil engineering project), while they
are limited in what they can do in grading — they do not have the experience to judge partial
credit well, they provide very good feedback and assessment. Overall, the students were correct
and not overly negative in feedback. Additionally, students were in general much more detailed
in their comments about what was wrong and how to improve. The resulting review and
feedback from the peer-review process provide very good formative guidance and provide
continuous improvement to the project.

The students perceived many benefits of performing the peer review (in addition to receiving
helpful information from their peers). They saw value in seeing how another group in their class
approached the same problem. They were able to analyze varied approaches to presentation and
organization (critical components of the process). They realized that the real benefit of peer
review was obtained by critically analyzing and evaluating the work of another team (as opposed
to merely receiving feedback from another team). The range of feedback provided varied greatly,
depending on the range of students’s skills and how students self-selected into teams. Students
clearly identified and valued thoughtful feedback.
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The student comments also indicate that the peer-review cycle is providing a mechanism for
students to enhance their metacognitive skills as they reflect more critically on their learning,
which is one of the desired outcomes from the peer-review cycle. The process provides a
mechanism for the students to become aware of what they were learning during the project
process. This results in an increased sense of responsibility for their learning (another of the
targeted outcomes for the peer-review cycle). Students also gained an appreciation of the
difficulties inherent in the grading process: both in evaluating as well as providing feedback.
While this was not an explicitly designed outcome for the introduction of the peer-review
process, it is an unexpected and welcome additional outcome. As the students gain a better
understanding of the grading process, better communication between instructors and students can
result.
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