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WIP: Can in-class peer reviews of written assignments improve  
problem solving and scientific writing in a standard-based,  

sophomore laboratory course? 
Introduction 

This work-in-progress study assesses the impact of reflective practices, including peer review 
using a co-created rubric, on written assignments in a sophomore-level, biomedical engineering 
laboratory course.  As an introduction to experimentation, the course covers the statistical design 
of experiments and the quantification of measurement data quality. Topics include problem-
solving skills, scientific writing, and hypothesis generation amongst other research-related topics. 
Evidence-based pedagogy used in the course includes standards-based grading and reflection.   

This study is motivated by work demonstrating the inclusive and effective nature of peer review, 
co-created rubrics, and standards-based grading. An earlier study showed a strong positive 
correlation between instructor review and peer review in a biomedical engineering laboratory, 
suggesting peer review could be an effective form of feedback [1]. Peer review also resulted in the 
perceived improvement of students’ ability to critique.  Additionally, the use of co-created rubrics 
is an inclusive teaching practice that can improve confidence and self-efficacy.  It speeds up future 
detailed feedback, as the students and instructors have a similar understanding about the elements 
of the rubric and may enhance self-regulated learning [2].  Finally, standards-based grading shifts 
the primary objective to individual learning and achievement, removes distraction from low-
importance errors and reduces the penalties for those with insufficient background [3]. 

Previously, we identified weaknesses in the “problem identification” and “interpretation” 
components of problem solving [4].  As a result, we implemented reflective practices [5] and 
noticed a trend suggesting that increased reflective practices, namely the addition of reflective 
engineering notebooks, may have improved student perception of standards-based grading and 
increased student engagement with fulfilling course standards [6].  To address limitations of our 
previous study and build upon encouraging results, we are implementing the equitable, reflective 
strategy of peer review on individually written assignments. We hypothesize that the 
implementation of peer review for individually written two-page abstracts will result in increased 
overall class performance in course standards and result in favorable student attitude with regards 
to the peer review process. 

Methods 

In-class  

At the start of the term, the instructional team and students work together to co-create the 
“problem-solving” rubric which will be used to evaluate three individually written abstracts.  
Instructors provide the current rubric [7] comprised of course standards definitions and evidence 
associated with proficiency for each standard.  Students work in groups to provide feedback on 
both the standard definitions and expected evidence of proficiency.  The instructors then compile 
and review student feedback outside of class and construct the finalized rubric considering the 
students’ feedback.  Please see Appendix A for the original and finalized co-created rubrics. 



After each lab experiment, students individually draft their abstracts in class for ninety minutes.  
Then, using Canvas’s Peer Review function, each student provides detailed feedback on one 
randomly assigned draft using the co-created rubric as a guide for thirty minutes. Students can see 
who they are reviewing and who reviewed their draft. Peer reviewers provide written feedback but 
no score, or letter-based grading, to follow the evidenced-based process of ungrading [8].  Students 
can view their received peer-reviews and are thus able to incorporate the feedback before 
submitting a final version to be graded by the instructional team. The instructional team provides 
both additional qualitative feedback and a score for each standard (on a scale of 1: does not meet 
standards to 4: meets standards).  The instructional and study teams (two instructors, two teaching 
assistants, and one research assistant) underwent grader calibration. 

Study Analysis 

Methodologies used in the study include the analysis of quantitative and qualitative survey data 
and the analysis of written lab assignments. In addition to the final abstract, the study team grades 
the draft abstracts on the aforementioned proficiency scale. Draft and final submissions are not 
blinded to the study team.  Scores are converted to Hake gain values to assess the impact of the 
peer review process on standards proficiency. Hake gain refers to the change in student draft and 
final submission scores “divided by the maximum possible gain” [9].  The Wilcoxon signed rank 
test was conducted to look for statistical differences in overall draft and final submission scores. 

The study team has developed 
two instruments to evaluate peer 
review: 1) an assessment of peer 
review quality and 2) an 
attitudinal survey regarding the 
peer review process. The peer 
review quality instrument (based 
on [10] and summarized in Figure 
1) will assess the appropriateness 
and specificity of the criticism as 
well as the justification for why it 
is included. Lastly, each review 
will be assessed for the presence 
and usefulness of any 
suggestions. The attitudinal 
survey (based on [11-13]) 
contains two sections, one for the 
critic and one for the critiqued, and 
covers areas such as utility, 
assessment of training/grader 
calibration, impact on future work, and emotion (Appendix B).   We investigate correlations with 
proficiency levels of both the critics and critiqued using Spearman’s Rho. This study (IRB 
#STU00214218) was deemed exempt from continuing oversight by the institutional IRB. 

Figure 1. Assessment of Peer Review Quality.  The study team 
evaluated the quality of each review on a three-point scale for each of 
the following elements: appropriateness, specificity, justification, and 
suggestion.  This rubric was used for six of the seven standards (all 
except teamwork which was evaluated separately). 

 



Results 

As shown in Figure 2, we found a statistically significant improvement in problem-solving mastery 
when comparing the Abstract #1’s draft to the final submission (* refers to p=0.000031).  Only 
completed abstracts were included in the analysis (n=19 out of 26).  The mean Hake gain for the 
first abstract is 48 +/– 7 %, suggesting that students earned almost half of the points lost on the 
draft on the final abstract submission. Additionally, the quality of peer reviews scored 35 +/– 9 out 
of a maximum score of 48 (maximum of eight points per standard and six standards evaluated).  
Initial investigation of the correlation between mastery improvement and quality of peer review 
were not significant for either the critic or the critiqued.  Thematic analysis of peer review quality 
revealed that most of the comments scored “2” on the appropriate criterion in Figure 1.  There is 
room for improvement in terms of specificity, justification, and suggestions as many students 
responded with a simple “yes” in response to rubric criteria. Many of the comments that received 

lower scores for suggestions also received lower 
scores for justification.  

Discussion and Conclusion 

In summary, analysis on the first abstract shows a 
significant improvement in mastery between the draft 
and final that could be partially due to the 
implementation of co-created rubrics and peer 
evaluation.  A potentially confounding factor could be 
“time”.  Some students struggled to complete the 
abstract within the allotted class time.  As students 
spend more time on the abstract after the peer review, 
one could hypothesize that this would inherently 
improve the abstract score. However, this time would 
be used to implement peer evaluation feedback.  
Moreover, two of 26 students reached out to the 
instructor after the peer review session for additional 
feedback.  This could also confound results and will 

be taken into consideration with future statistical analysis.  The quality of the peer review was 
relatively high with about 35 out of the total 48 points, and analysis yielded areas for improvement.  
Students will be given the feedback that their comments were appropriate but lacked in the 
specificity, justification, and suggestion categories. They will receive direction on how to provide 
specific and justified comments with associated suggestions. Lastly, we did not see a correlation 
between peer review quality and proficiency of standards.  Future analysis will 1) investigate 
correlations between proficiency and each of the four subcategories of peer review quality, 2) 
include analysis from abstracts #2 and #3, and 3) investigate whether or not there are statistical 
differences in peer review quality and class performance over time.  

In conclusion, this work-in-progress study assesses the implementation of additional reflective 
practices (peer review and co-created rubrics) with the goal of improving individual proficiency 
of standards in problem solving and written communication while retaining high student favor. 

Figure 2. Mastery Points for Draft and 
Final Submissions.  There is a statistically 
significant improvement in average mastery 
from the draft to the final (n=19, error bars 
represent standard error). 
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Appendices 

Appendix A: Co-created Rubric 

Problem Identification:  

- Definition:  
o Original: Identify the problem and construct a hypothesis that has a strong 

connection to biomedical engineering/health. 
o Revised: Identify a significant health-related problem and construct an associated 

hypothesis. 
- Original Evidence: 

o Introduction: Relevant Title 
o Introduction: Motivation (meaningful to BME?) 
o Introduction: Statement of objective/gap addressed 
o Introduction: Specific Hypothesis relevant to objective 

- Revised Evidence:  
o Relevant title that efficiently describes focus of abstract 
o Motivation: Broader problem context (could include socioeconomic factors if 

relevant) 
o Motivation: Impact (could be number of people affected or severity of condition) 
o Statement of objective/gap addressed. 
o Specific Hypothesis relevant to objective 

Knowledge Processing: 

- Definition:  
o Original: Locates, evaluates, integrates, and applies knowledge to support the 

hypothesis.  Assesses the accuracy of conclusions in literature. 
o Revised: Locates, evaluates, integrates, and applies knowledge to support and 

form the hypothesis. All evidence in support of the hypothesis is delivered 
succinctly and accurately. 

- Original Evidence: 
o Previous work: Integrated summary (correct interpretation of prior work) 
o Previous work: Logical and strong connection to hypothesis 

- Revised Evidence: 
o Previous Work: Accurate, relevant, integrated, and paraphrased summary of prior 

work from multiple sources 
o Previous work: Logical and strong support of hypothesis (in other words, provides 

strong rationale behind experimental work) 

Approach/Experimental Design: 

- Definition:  
o Original: Formulate the approach and appropriate experimental design. 
o Revised: Formulate the approach and appropriate experimental design. 

- Original Evidence: 



o Methods: physical set-up (equipment, settings, images, etc. - as appropriate) 
o Methods: experimental set-up (power analysis, randomization, controls, 

replication, etc.) 
o Methods: Considers measurement techniques, variables, blocking, factors/levels, 

etc. 
- Revised Evidence: 

o Methods: Brief overview of approach 
o Methods: physical set-up (equipment, settings, images, etc. - as appropriate) 
o Methods: experimental set-up (power analysis, randomization, controls, 

replication to ensure high-level of precision/reproducibility, etc.) 
o Methods: Considers measurement techniques, variables, blocking, factors/levels, 

etc. 

Data Analysis 

- Definition:  
o Original: Analyzes and graphs appropriately data needed to test the hypothesis. 
o Revised: Analyzes data gathered and includes graph/images/tables to support 

hypothesis testing. 
- Original Evidence: 

o Results: description of analyzed results 
 What are they evaluating the description for (concision, formatting, etc.)? 

o Results graphic(s): Appropriateness 
- Revised Evidence:  

o Results: description of analyzed results is accurate and relevant to the hypothesis 
o Results graphic(s): Supports hypothesis testing. 

 

Interpretation 

- Definition:  
o Original: Interprets analysis to draw conclusions about hypothesis and ties to 

greater significance.  Includes error considerations, suggested future experiments, 
etc. 

o Revised: Relates data analysis to the hypothesis (support/does not support) and 
explains significance of the results.   

- Original Evidence: 
o Results logically tied back to the hypothesis. 
o Strong argument for relevance/greater significance 
o Errors are considered. 
o Future experiments and clear why these are meaningful. 
o The main take-home message or conclusion 

- Revised Evidence: 
o Discusses data/results supporting or failing to support hypothesis. 



o Gives context to findings. 
o Includes the strengths and weaknesses (including errors) of experiment. 
o Ties results to experimental significance 
o Elucidates and supports next steps.  
o Delivers the main take-home message or conclusion. 

Communication 

- Definition:  
o Original: Demonstrates appropriate written and visual communication. 
o Revised: Demonstrates organized and clear written and visual communication 

appropriate for the targeted audience. 
- Original Evidence: 

o Written: Demonstrates clarity 
o Written: Organization 
o Written: Appropriate format 
o Written: Correct scope (appropriate for audience) 
o Written: Presents credible information accurately 
o Written: Uses citations appropriately 
o Graphic(s): Completeness [Axes, Units, legend or key, trendline, etc] 
o Graphic(s): Caption (complete, correct, logical order of info) 

- Revised Evidence: 
o Written: writes with clarity and concision 
o Written: writing has a logical order/flow 
o Written: The scope of the abstract is appropriate for audience (necessary 

information is included, details are not over-explained) 
o Written: Appropriate format. 
o Written: Uses citations appropriately - appropriate format (IEEE, other types) 
o Written: Completeness - no important information missing 
o Graphic(s): placement of graphics  
o Graphic(s): Completeness [Axes, Units, legend, or key, trendline, etc]. 
o Graphic(s): Caption (complete, correct, logical order of info) 

Teamwork: 

- Definition: 
o Original: Demonstrates commitment to high team function 
o Revised: Demonstrates commitment to productively complete tasks as a group 

- Original Evidence: 
o Contributed to establishing goals 
o Assisted in planning tasks  
o Accepted Individual Responsibility (completed assigned tasks well by deadline, 

etc.) 
o Effectively communicated with other team members 

- Revised Evidence: 



o TEAMWORK CONCEPTS (self-assessed) DO NOT COMPLETE FOR PEER 
REVIEW  

o Part 1 (Self): Contributed equally to establishing goals. 
o Part 1 (Self): Assisted in planning tasks.  
o Part 1 (Self): Accepted Individual Responsibility (completed assigned tasks well 

by deadline, etc.) 
o Part 1 (Self): Effectively communicated and collaborated with other team 

members. 
o Part 2: Team Member Chart (see assignment for more information) 

- Please note that Teamwork is not being evaluated in this work-in-progress.  For the 
course, students write a short paragraph self-evaluating their teamwork.  They also 
evaluate peers’ team performance in terms of effort and quality. 

 

Appendix B: Student Attitude Survey about Peer Review Process 

Peer Review Assessments: 

Likert Scale: Totally Disagree (1) to Totally Agree (4) 

For Critic: 

1. I understand how to assess abstracts in this course. 
2. The training helped me understand how to assess abstracts in this course. 

a. The exemplar of the peer review abstracts in this course… 
b. Classification scheme…. 
c. Discussion of fictious abstracts in this course…. 
d. Lecture on peer review… 

3. It was useful for me to see and assess another student’s abstract. 
4. I feel confident to assess abstracts in this course. 
5. I enjoy giving peer feedback. 
6. I feel reluctant to give negative feedback to my classmates without it being anonymous. 
7. I am satisfied with the overall quality of the feedback I have given. 
8. I believe that it is important for me to learn how to give feedback. 
9. My technical writing skills have improved because of reviewing my peers’ technical 

writing. 
10. Giving feedback is an effective approach to improve my critical thinking skills. 
11. Peer review in this course made me feel more confident to review technical writing 

outside this course.  

For Critiqued:  

1. I feel confident in writing a good abstract. 
2. The training in the course helped me to understand how to write a good abstract in this 

course. 
a. The exemplar of the peer review abstracts in this course… 



b. Classification scheme…. 
c. Discussion of fictious abstracts in this course…. 
d. Lecture on peer review… 

3. The review of abstracts in this course that I received was constructive and fair. 
4. It was tough to have my abstracts in this course evaluated by another student without 

being anonymous. 
5. It was tough to write an abstract in this course knowing it would be evaluated by another 

student without being anonymous. 
6. I enjoyed receiving peer feedback. 
7. I believe that it is important for me to learn how to use feedback provided by my peers. 
8. Taking feedback is an effective approach to improve my critical thinking skills. 
9. My technical writing skills have improved because of having peer review of my 

technical writing. 
10. Overall, my abstracts have improved because of the peer review process. 
11. I am satisfied with the overall quality of the feedback I received. 
12. Peers have adequate knowledge to evaluate my work. 
13. I think I have learned more from the peers’ feedback than from the instructional teams’ 

feedback. 
14. In the future, I will have my writing peer-reviewed even if I am not required to do so. 

 


