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ABSTRACT

The Next Generation Science Standards have shifted the focus of science instruction from
rote memorization of facts to students engaging in science by discovering information,
constructing explanations, engaging in arguments from evidence, and communicating ideas. One
way for students to express their scientific knowledge and ideas is through writing. However,
many high school students struggle with writing, and many science teachers lack the confidence
and time to implement writing instruction into their curriculum. Peer review is an instructional
strategy that can effectively support students as they develop their writing skills in science
classrooms. This research examined the impact of structured teaching and modeling of peer
editing on the scientific writing of 38 high school students in Advanced Placement
Environmental Science. Treatment consisted of two peer editing lessons where students
established feedback criteria, scored models with rubrics, and provided constructive feedback.
Each lesson was followed by a peer editing exercise that allowed students to apply the
knowledge gained. After peer editing, students read through peer feedback and made corrections
to their writing. End of unit writing assessments were used to determine the impact of peer
editing on student writing, and pretreatment and posttreatment surveys were used to gauge
students’ familiarity with peer editing and their confidence to help their peers. In addition, a
teacher journal was used to document observations during peer editing lessons, and student
interviews provided insight into the perceived benefits and challenges of peer editing sessions.
The results demonstrated that students felt more confident in their peer editing skills and
believed the lessons improved their writing. In peer editing exercises, students asked more
questions and were more engaged with their peers and the grading rubric. Although writing
assessment scores did not significantly improve, both teacher and students found peer editing
instruction useful.
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CHAPTER ONE

INTRODUCTION AND BACKGROUND

Context of the Study

[ teach science at Yorkville High School in Yorkville, Illinois. Yorkville is a suburb west
of Chicago with a population of approximately 25,000 (United States Census Bureau, 2023). We
are a K-12 district with seven elementary buildings, one middle school, and one high school.
Yorkville prides itself on its small town feel with all the schools in the district containing the
same mascot, the Foxes. However, Yorkville is in one of the fastest growing counties in Illinois,
Kendall County. Our school enrollment has grown from 1,667 students in 2015 to 2,139 students
in 2024 (Illinois State Board of Education, n.d.). This quick growth has led to shifting academic
needs and larger class sizes.

The students in my science classes have traditionally struggled with writing assignments,
like laboratory analysis and free response questions (FRQs). Although writing is taught in
English classes, students find it difficult to translate the skills learned in English to our science
classroom. In addition, writing in science is more straightforward and concise than the writing
taught in English classrooms. As a result, I spend time explicitly teaching scientific writing to
students. However, I find that there is a growing gap in writing skills among my students, and it
is difficult to provide timely individualized feedback due to my growing class sizes.

My Advanced Placement (AP) Environmental Science course poses a unique challenge
due to the amount of content that must be taught in addition to scientific writing skills. AP
Environmental Science is a junior and senior level elective course at Yorkville High School. In

this class my teaching goals are to increase students’ knowledge and skills in environmental
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science and to have students evaluate their understanding through self-assessment. In addition, I
must prepare students for their AP exam in May. Unlike other schools where the AP exam is
optional and an additional cost, Yorkville High School builds the cost of the exam into the course
fee and requires students to take the AP exam to receive weighted credit in the course. As a
result, all students enrolled in the AP course take the AP exam in May, and students are invested
in performing well. The AP Environmental Science exam consists of a multiple-choice section
and a FRQ section. Students must complete three FRQs in 70 minutes. The global average on
each of the three FRQs is low, ranging from 4.34 to 5.35 out of 10 points in 2025 (College
Board, 2025a). My classes have traditionally scored higher than the global average. In 2025, my
students’ average scores on the three FRQs ranged from 5.5 to 6.2 points. Despite their success
on this portion of the AP exam, scientific writing is a challenge for many of my students, making
it a skill we work on continuously throughout the school year. I am always trying to find ways to
improve my instruction and methods used to teach scientific writing. If there is a way to make
the scientific writing process smoother for my students, I want to find it and use it.

One instructional strategy I use is to provide students with opportunities to practice
writing FRQs in each unit. To be successful on the FRQ section of the AP test, students need to
understand the task verbs and the response expectations for each task verb. For example, the
word explain requires students to analyze information about how or why something is occurring.
The word identify can be a one- or two-word answer without providing an explanation. Task
verb expectations are learned at the beginning of the year, and these skills are reviewed each unit
through practice FRQs. Most units consist of two practice FRQ assignments. These assignments

are completed outside of class. Students self-grade these FRQs in class using grading rubrics. I



also give students the option to switch their FRQ with a peer and peer-grade each other’s FRQs,
but few students choose this option. At the end of each unit, students take a summative test that
consists of 40 multiple-choice questions and one FRQ to mimic their AP exam. To get students
ready for the pacing of the AP exam, the summative test is timed similarly to their AP exam. I
grade both the multiple-choice questions and the FRQ for accuracy. The practice FRQ
assignments during the unit should prepare students for the summative FRQ at the end of the
unit. This practice used to suffice in preparing students for their unit exams, but in recent years |
have noticed a widening disparity in the scientific writing skills of incoming students.

Prior to taking AP Environmental Science, students either take Biology or Biology
Honors during their freshman year and Chemistry or Chemistry Honors during their sophomore
year. Juniors and seniors have many science course options, and AP Environmental Science is
one of their options. Students usually choose AP Environmental Science because they are
interested in the course material, they have friends who have recommended the course, or they
are interested in taking a weighted science credit. AP Environmental Science is a steppingstone
to other AP science classes, like AP Biology and AP Chemistry. My class frequently consists of
first-time AP students who have never taken an honors level science course. For example, in
2024 I taught two AP Environmental Science classes that contained 60 students in total, and 33
of those students were taking an AP class for the first time. In 2025 I taught two sections
containing 38 students, and 16 students were first-time AP students. These students often
struggle with writing and need support.

Lack of articulation in science skills between our high school science classes also

contributes to students struggling with scientific writing. Our chemistry course team decreased
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the number of lab activities and writing assignments during the Covid-19 pandemic due to the
social distancing and remote learning that took place. In recent years, the chemistry teachers
have been hesitant to place these pieces back into the course citing that students lack the skill
level and maturity to complete laboratory activities. Although students complete writing tasks in
biology during their freshman year, a year off with little skill development means students are
often not ready for the writing tasks in AP Environmental Science. On the other hand, students
who take Chemistry Honors have a great deal of laboratory experience and frequently write
claim, evidence, and reasoning statements as a part of laboratory assignments. Chemistry Honors
students also complete FRQs on every summative test. Therefore, the discrepancy of skills
gained during students’ sophomore year science class poses an additional challenge because the
scientific writing skills of my students vary greatly.

In addition, as our community grows, class sizes have also grown. Science classes used to
be capped at 24 students. However, in recent years my classes have contained over 30 students.
Larger class sizes combined with the increasing academic needs of my students make providing
timely quality feedback on formative writing assignments, like practice FRQs, a challenge. This
is why I allow students to self-grade their practice FRQs with an option to peer-grade. However,
I am unsure if all students benefit from this self-grading process.

During the self-grading process, many students quickly grade their FRQs using a grading
rubric, score the assignment out of 10 points, and turn it in for completion points. Although
students are always given the option to trade their paper and peer-grade, very few students
choose to grade their FRQs this way. Most students do not correct their answers or reflect on

how to improve their answers to earn a point. Personally, I have experienced the power of peer
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editing in my graduate studies at Montana State University in the Master of Science in Science
Education program. Peer editing is a frequent assignment in our coursework. I often gain new
ideas while reading peers’ papers and receive valuable feedback to improve my writing during
these peer editing assignments. I believe my high school students can gain the same benefit from
peer editing. If I explicitly teach my students the importance of peer editing and directly instruct
them how to peer edit, then I believe it will improve their scientific writing. Making peer editing
mandatory allows students to read someone else’s work and see alternative ways of answering
the same question giving students examples of how to improve their own writing. Also, guiding
students through reflection after peer editing and allowing students an opportunity to make
corrections to their writing will reinforce how to correct mistakes and hopefully prevent them in
the future. Peer-grading also allows students to provide timely feedback in a way that is
impossible for one teacher with over 30 students, and strategically pairing students might also

help meet the needs of a wide range of writing skills among students.

Focus Question

My focus question was, How does structured teaching and modeling of peer editing
impact scientific writing of Advanced Placement Environmental Science students in a high

school science classroom?
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CHAPTER TWO

CONCEPTUAL FRAMEWORK

Peer assessment, also known as peer review or peer editing, is an effective strategy in
writing instruction in which students assess the quality of a product of another equal status
student (Topping, 2009). Teaching students how to edit and revise their writings in collaboration
with other students can help them develop the writing skills needed for the postsecondary level
(Graham & Perin, 2007). Teachers cannot assume students know how to peer edit. This skill
must be explicitly taught (Graham & Perin, 2007; Sanchez et al., 2017; Topping, 2009; Wu &
Schunn, 2020). Furthermore, when taught effectively, peer review can improve student writing

on current and future assignments (Wu & Schunn, 2020).

The Need for Writing Instruction

Over the last decade, science education has shifted away from rote memorization to
understanding the process of science by doing science. The Next Generation Science Standards
(NGSS) focus on students becoming scientists and understanding the scientific process as a way
of knowing by discovering information, constructing explanations, engaging in arguments from
evidence, and obtaining, evaluating, and communicating ideas. These science and engineering
practices stress the importance of not only oral argumentation but also writing in science
education. Students should build on their writing skills through each grade level, so that by 12th
grade, students are able to write text to communicate their own ideas and use words, tables, and

graphs to communicate their understanding (National Research Council, 2012).
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Despite this new emphasis on writing, only 27% of 12th grade students (N=28,100) are at
or above proficiency on the latest National Assessment of Educational Progress (NAEP) writing
assessment (National Center for Education Statistics, 2012). In this assessment students are
scored on their development and organization of ideas when given specific prompts.
Additionally, in the latest NAEP science assessment, 22% of 12th grade students (N=26,400)
scored at or above proficiency (National Center for Education Statistics, 2019). The NAEP
science assessment measures students' content knowledge and performance in four science
practices: identifying scientific principles, using scientific principles, using scientific inquiry and
using technological design. Although this assessment contains both multiple choice and
constructed response questions, the data is not displayed to distinguish between the two types of
student responses (National Assessment of Educational Progress, 2019). Both assessments
demonstrate that high school students struggle with communicating in written text. This data
combined with the emphasis of communication in NGSS highlights the importance of focusing

on writing instruction in science classrooms (Drew et al., 2017).

Writing Instruction in Science Classrooms

Although science teachers find writing important, very little emphasis is placed on
teaching students how to write within science classrooms. Many content area teachers do not feel
confident in their ability to teach writing or are unaware of the most effective ways to teach it.
Others look at writing instruction as an additional item added to their plate and therefore not an
important piece to teaching content material. When surveyed, 59% of science teachers in sixth
through 12th grade across the United States (N=284) said they use writing to help reinforce

scientific inquiry, but very few teachers engage students in peer feedback and revising their



writing. More than 30% of science teachers have never explicitly taught students how to revise
their writing (Drew et al., 2017).

In a meta-analysis of 123 studies on writing instruction in fourth through 12th grade,
Graham and Perin (2007) found that instructional strategies improve the quality of writing for
students. The most effective strategy is teaching students how to plan, revise, and edit their
writing. Students who struggle with writing benefit the most from this instructional practice. The
second most effective strategy is teaching students how to summarize after reading. Students
who successfully summarize reading material can pull out the most important concepts in a
concise and accurate manner, improving their writing. The third most effective strategy is
allowing students to collaborate with each other in the writing process through peer revising and
editing. Graham and Perin found that when students work collaboratively to plan, draft, and/or
revise writing there is a strong and positive impact on writing quality. In addition to these
instructional practices, the researchers emphasized that students must have clear specific goals
when writing, and they should be given the opportunity to analyze and imitate product models.
Overall, it is highly advantageous to explicitly teach students collaborative writing strategies that

involve editing and revising.

The Benefits of Peer Review

One clear way to address student writing skill deficits is through peer assessment. Peer
editing can identify misconceptions early, which allows students and teachers to address deficits
sooner. This feedback allows students to identify strengths and weaknesses, isolate areas for
remediation, and foster metacognitive skills. The benefits occur for both the assessor and

assessed because peer editing encourages self-reflection for both students, increasing
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metacognition. Metacognition allows students to identify mistakes, learn from them, and apply
that knowledge in a future assignment. Feedback can identify and correct errors, add new
information, and verify existing information. In addition, peers can give more frequent and
plentiful feedback compared to teachers since there are more students than teachers in the
classroom (Topping, 2009).

In a meta-analysis of 33 studies dealing with self- and peer-assessment in third through
12th grade, Sanchez et al. (2017) found that students who self- and peer-grade show higher levels
of academic performance on subsequent tests because they have developed a clearer
understanding of the material. Actively engaging students in the grading process allows them to
self-reflect and improve on future assignments. However, this process does not come naturally
for students. In their analysis, all studies provided rubrics to students, and many studies provided
students with guidance on how to conduct self- and peer-grading. Teachers must train their
students to self- and peer-grade to see the benefits. The researchers recommend that future

studies focus on the amount and type of guidance given to students.

Teacher Concerns of Peer Editing

Despite the benefits of peer editing, there are some common concerns expressed by
teachers. One concern is that peer comments will not align with teacher comments, and as a
result, students will miss errors that need to be fixed or make unnecessary changes to their
assignment. However, Falchikov and Goldfinch (2000) conducted a meta-analysis that reviewed
48 quantitative peer assessment investigations and found that, on average, peer feedback aligns
with teacher feedback. The alignment of feedback is higher when academic products are

assessed, and the assignment is well designed with clearly understood criteria. Sanchez et al.
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(2017) also found a strong correlation between student and teacher feedback, noting that peer
assigned grades were similar to teacher assigned grades. These results may be due to the
structure and guidance given by teachers who provided students with rubrics to assist in their
editing. However, other factors, like the type of grade awarded for the assignment, could also
play a role. For example, using a peer assessment as a summative final grade could inflate the
grade given by the peer. The authors suggest more research is needed to determine what causes
the alignment of peer and teacher feedback.

Another common concern of peer editing is time. For example, Weaver (2023) says
effective peer editing requires additional instruction, and the investment of time in training
students is costly and could cause teachers to cut other writing assignments in the classroom.
Weaver does describe some benefits to peer editing, like teachers gaining insight into student
understanding during peer editing discussions. Teachers can use this insight to drive future
lessons and meet the needs of their students. On the other hand, Sanchez et al. (2017) say the
upfront investment of teaching students how to peer edit is no different than any other new
curriculum initiative. Therefore, involving students in the assessment process by implementing

peer editing is a worthwhile investment in time.

Strategies for Teaching Peer Editing

Teachers need to explicitly teach writing skills and peer editing skills for students to
improve their writing. With good organization, clear goals, and practice, students can give
effective feedback (Graham & Perin, 2007; Topping, 2009). Wu and Schunn (2020) found that
secondary students not only improved writing through peer editing but also applied what they

learned to a future assignment. Teachers in this investigation taught high school students how to
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peer edit by reviewing unhelpful and helpful comments in a class discussion. Students were
paired and given a sample essay to review. As a class, students discussed the comments made in
their pairings, and the teacher emphasized high level comments, such as providing a deeper
explanation or supporting an idea with evidence. After this activity, students wrote an essay and
then performed peer editing using a rubric. During the peer edit, students were asked to provide
comments in focus areas determined by the researchers. After the peer edit, students revised their
papers and then completed a second writing task one week later using the same rubric as the first
writing assignment. The study found that through purposeful instruction of peer editing, students
improved their scores on both the revised essay and on the second writing assignment. In other
words, peer editing not only helped students improve their writing, but students were able to
apply information learned to a future assignment.

Reflection after peer feedback is also crucial. According to Wichmann et al. (2017), peer
editing 1s only useful when sense-making support is provided to students after peer editing and
during the paper revision process. Students often have trouble with feedback uptake, meaning
they do not know how to make sense of peer feedback and use it to improve their writing.
Allowing students to reflect on peer feedback is crucial to feedback uptake. After receiving peer
feedback, students in this investigation used a table to make sense of each comment and to
determine how the comment would help them improve their essay. Overall, the researchers found
that giving students the opportunity to reflect on peer feedback allowed them to evaluate the

feedback, make appropriate changes, and score higher on writing assignments.

The Need for Peer Review
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The NGSS have forced a shift in science education away from students memorizing and
repeating a list of facts to students exploring phenomena through scientific investigation and
acting more like scientists. The standards require students to construct explanations and engage
in arguments from evidence. In addition, students must be able to obtain, evaluate, and
communicate these ideas. Writing is an important means of this communication and as the
research shows, an area where students typically struggle. As a result, instructors must bridge the
gap by implementing best practices in writing instruction to help students succeed (Drew et al.,
2017).

Peer review is an instructional strategy that can effectively support students as they
develop their writing skills in science classrooms. When teachers provide meaningful instruction
of peer editing where students evaluate the effectiveness of comments and assess end-product
models, students can give feedback similar to their teacher. In addition, peer reviewing allows for
more eyes on any one student’s writing and offers a dual metacognitive benefit where both the
peer reviewer and student being reviewed reflect on their writing to make improvements.
Consequently, structured teaching and modeling of peer editing combined with instructing
students how to reflect on peers’ comments can benefit both teacher and student by improving

student writing in science classrooms (Topping, 2009; Wichmann et al., 2017).
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CHAPTER THREE

METHODOLOGY

The goal of this research was to determine how structured teaching and modeling of peer
editing impacted the scientific writing of students. Treatment consisted of two peer editing
lessons where students were explicitly instructed how to give constructive feedback aligned with
Advanced Placement (AP) exam rubrics. In addition, students evaluated models of graded
student responses. Each lesson was followed by a peer editing exercise where students applied
the knowledge gained in the lessons. A mixed methods approach was used to determine the
effectiveness of the peer editing lessons and exercises on the scientific writing of students.

Qualitative and quantitative data were triangulated to increase the credibility of findings.

Demographics

The study took place at Yorkville High School in Yorkville, Illinois. Yorkville High
school is a public school in the western suburbs of Chicago about 55 miles outside of the city.
The school runs on a modified block schedule where each class meets three times a week. Two
class periods run 88 minutes, and the last class of the week is 47 minutes. At the time of the
study, the school enrollment was 2,139 students and composed of 63.3% White, 21% Hispanic,
8.2% Black, 2.6% Asian, and 4.7% two or more ethnicities. The student to teacher ratio was
21:1, and 23.6% of students received free or reduced lunch (“Yorkville High School,” n.d.).

The participants in this investigation were juniors and seniors in AP Environmental
Science at Yorkville High School. The majority of students who take AP Environmental Science

are college bound and interested in science. There were 38 participants in the study across two
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classes (N=38). My second period class consisted of 17 students with 47% male and 53% female
(n=17). My sixth period class contained 21 students with 62% male and 38% female (n=21).
During their sophomore year, 59% of students in second period class took Chemistry and 41%
took Chemistry Honors. In sixth period, 71% of students took Chemistry their sophomore year
while 29% took Chemistry Honors. In my second period, 44% of the students were taking an AP
class for the first time. In my sixth period, 38% of the class were first-time AP students. Due to
the mix of sophomore science course levels and prior AP coursework, each class contained
students with a range of writing abilities. The diversity of each class reflected the overall school
population demographics (Table 1). Research took place over two units. Both classes received
treatment, but in alternating units. While one class received treatment, the other class served as
nontreatment. The research methodology for this project received an exemption by Montana

State University's Institutional Review Board and compliance for work with human subjects was

maintained (Appendix A).

Table 1. Demographics of Yorkville High School, second period AP Environmental Science,
(n=17), sixth period AP Environmental Science, (n=21).

.. . . Second period AP Sixth period AP
Ethnicity Yorkville High School Environmental Science | Environmental Science

White 63.3% 76% 71%

Hispanic 21% 12% 14%
Black 8.2% 0% 5%
Asian 2.6% 6% 5%
Two or more 47% 6% 5%

ethnicities
Treatment

Peer editing treatment began at the start of the second semester. Second period received

treatment first while sixth period received no treatment. Treatment for second period occurred in
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Unit 5: Land and Water Use and consisted of two lessons designed to get students reviewing
constructive feedback and using the College Board rubrics to learn AP grading expectations.
Each lesson was followed by students peer reviewing a practice free response question (FRQ). In
the first lesson students reviewed constructive and nonconstructive feedback on a writing
assignment (Appendix B). The goal of this lesson was to develop criteria for constructive
feedback. In small groups, students were asked to evaluate a student FRQ sample posted by the
College Board that was graded in two different ways. One grader gave very specific and helpful
feedback while the other did not. Students first evaluated the comments with partners, attempted
to correct the wrong answers, and then shared their ideas in a whole class discussion. During the
whole class discussion, students came to a consensus on the difference between constructive and

nonconstructive feedback (Figure 1).

Peer Editing: Constructive vs. Nonconstructive Feedback
Constructive Nonconstructive
To build and improve Purpose To criticize and tear down
Builds confidence and morale Impact Lowers confidence and morale
Respectful, supportive, considerate Tone Harsh, negative, or personal
Detailed and precise Specific Vague and unhelpful
Leads to improvement Actionable Does not lead to improvement

Figure 1. Lesson one criteria for constructive and nonconstructive feedback.

Following the lesson, students peer edited a practice FRQ that was assigned for
homework the class period before (Appendix C). Students chose their peer editor and were
encouraged to sit next to each other. During peer editing, students used a grading rubric to

identify correct and incorrect answers. For incorrect responses, students were told to give at least
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two constructive comments to help their peers improve their FRQ. A grading sheet was

developed to help peer editors keep track of points and comments during peer editing (Figure 2).

Unit 5 FRQ #1 Scoring Sheet

Give af least two constructive comments on this sheet of paper.

Question Score (circle) Constructive Comment

(@ (i 1 0

(@) (i) 1 0

(a) (i) 1 0

(@) (wv) 1 0

(b} (i) 1 0

(b) (i) 1 0

(b) (i) 1 0

(b} (iv) 1 0

{© 0 10

(c) (i) 1 0

Figure 2. Sample scoring sheet used du@ peer editing.

After peer editing, students returned papers to their peers. Each student looked over the
peer comments. Students were asked to use peer feedback to make corrections to their FRQ in a
new pen color. A different color was used, so corrections could easily be distinguished from
original answers. The assignment was collected, and completion points were awarded.

In the second lesson, students graded three FRQ samples from the College Board in small
groups (Appendix D). Students used a College Board scoring rubric to determine how many
points each sample earned and provided at least two constructive comments to help the student
earn more points. Students shared constructive comments with the class, and in a whole group

discussion, students evaluated the usefulness of the comments. The goal of this lesson was to
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assess end-product models from an AP exam, review the criteria for constructive and
nonconstructive comments, and become more familiar with rubrics used for scoring FRQs on the
AP exam. After the lesson, students peer edited a practice FRQ that was assigned for homework
the period before (Appendix E). Students chose their peer editor and were encouraged to sit next
to each other. During peer editing, students used a grading rubric to identify correct and incorrect
answers. For incorrect responses, students were told to give at least two constructive comments
to help their peers improve their FRQ. A grading sheet was developed to help peer editors keep
track of points and comments during peer editing. After peer editing, students returned papers to
their peers. Each student looked over the peer comments and made corrections to their FRQ in a
new pen color. A different color was used, so corrections could easily be distinguished from
original answers. The assignment was collected, and completion points were awarded.

The nontreatment group completed both practice FRQs, but students self-graded their
responses and did not participate in the two peer editing lessons. At the end of Unit 5: Land and
Water Use, a summative assessment was given to both treatment and nontreatment groups. It
contained multiple choice questions and one FRQ. I assessed the accuracy of each student’s FRQ
response out of 10 points. During Unit 6: Energy Resources and Consumption, the treatment and
nontreatment groups were switched. Second period served as the nontreatment group while sixth

period received treatment. The same methodology was used with sixth period for this unit.

Data Collection and Analysis Strategies

To determine the effectiveness of structured teaching and modeling of peer editing on the
scientific writing of students, a variety of data collection instruments were used. Both qualitative

and quantitative data were developed to triangulate the results of this study. Quantitative
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measures included surveys and summative free response writing test data. Student voice was
captured in surveys, student interviews, and a teacher journal. Both quantitative and qualitative

measures were evaluated to determine the usefulness of peer editing instruction and modeling.

Pretreatment Peer Review Survey

The Pretreatment Peer Review Survey was filled out prior to the first peer editing lesson
(Appendix F). The survey was a mix of qualitative and quantitative questions and asked students
about their experiences with peer review, like student confidence to give valuable feedback and
student ability to take feedback from a peer to improve their own work. The quantitative
questions contained a four-point Likert scale of strongly disagree (1), disagree (2), agree (3), and
strongly agree (4). To elicit student voice and qualitative data, students were asked to elaborate
on why they chose answers on two of the Likert questions. The survey was conducted using
Google Forms. Prior to taking the survey, students were reminded that it was voluntary and
would not help or harm their grade. The data from the Pretreatment Peer Review Survey was
imported into Excel, and the frequency of responses was calculated. To visualize the data,
stacked bar graphs were made. The qualitative data from the survey was analyzed for themes and

patterns.

Posttreatment Peer Review Survey

The Posttreatment Peer Review Survey was given after the second peer editing lesson
(Appendix G). The survey was a mix of qualitative and quantitative questions. It contained the
same questions as the Pretreatment Peer Review Survey with an additional four questions that
pertained to the usefulness of the strategies used during treatment and the overall effectiveness of

peer editing instruction. Like the pretreatment survey, the quantitative questions contained a
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four-point Likert scale of strongly disagree (1), disagree (2), agree (3), and strongly agree (4). To
elicit student voice and qualitative data, students were asked to elaborate on why they chose
answers on six of the Likert questions. The Posttreatment Peer Review Survey was given using
Google Forms. Prior to taking the survey, students were reminded that it was voluntary and
would not help or harm their grade. The data from the Posttreatment Peer Review Survey was
imported into Excel, and the frequency of responses was calculated. To visualize the data,
stacked bar graphs were made. The qualitative data from the survey was analyzed for themes and

patterns.

Teacher Journal

Throughout the study I kept a handwritten Teacher Journal (Appendix H). I recorded
student comments during the two peer editing lessons, including whether students found the
activities useful. I also documented the engagement level of students in the lessons, whether
students were helping each other, if there were any directions students struggled with, and what
the classroom environment felt like. I also wrote down student comments and questions while
they peer edited each other’s practice FRQs. Lastly, I made notes of student comments and
questions while students used peer comments to edit and improve on their own assignments. The
Teacher Journal was analyzed for themes and patterns. The journal helped me track successes

and challenges during the study and triangulate the quantitative data collected in the study.

Free Response Writing Test

To assess the effectiveness of peer editing on the scientific writing of students, I used
Free Response Writing Test scores from Unit 5: Land and Water Use and Unit 6: Energy

Resources and Consumption (Appendix I). These summative assessments were given at the end
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of each unit and were part of a larger test that also contained multiple choice questions. Since my
research was only concerned with the scientific writing of students, the multiple-choice questions
were excluded from the study. The test was given on paper, and students wrote their responses on
an answer sheet. I graded each Free Response Writing Test out of 10 points. The Free Response
Writing Test scores were compared between treatment and nontreatment groups for each unit.
The score for each student was entered into Excel, and the mean, median, and mode were
calculated. To test for a difference in scores between treatment and nontreatment groups, the
Wilcoxon rank-sum test was used. To visualize this information a Box and Whiskers plot was

used.

Student Interviews

Five students were interviewed in each class after the second peer editing lesson took
place. All students were asked the same eight questions in the Student Interview (Appendix J).
Students were told that participating in the interview was voluntary and would not help or harm
their grade. Students volunteered to be interviewed, and students were chosen to get a variety of
skill levels. Students were told the purpose of the interview and how the information gained
would be used. I interviewed each student one on one where they were working. Students were
working in small groups or individually on a different activity, so students not being interviewed
were busy and not bothered while I was interviewing their classmates. I transcribed student
responses to the interview questions, and thematic analysis was used to find common themes. All
four data sources, Peer Review Survey, Teacher Journal, Free Response Writing Test, and

Student Interviews, were triangulated to increase the trustworthiness of results (Table 2).



Table 2. Data triangulation matrix.
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Research Question

Data Source 1

Data Source 2

Data Source 3

Data Source 4

How does direct
instruction and
modeling of peer
editing impact
scientific writing
of Advanced
Placement
Environmental
Science students in
a high school
science classroom?

Treatment and
nontreatment
Free Response
Writing Test
scores

Peer Review
Surveys pre and
post peer editing
instruction

Student
Interviews post
peer editing
instruction

Teacher Journal
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DATA ANALYSIS: CLAIMS AND EVIDENCE

The purpose of this study was to determine if purposeful, meaningful instruction of peer
editing would impact the scientific writing of high school students. Instruction consisted of two
lessons where students evaluated models of graded student responses and learned how to give
constructive and nonconstructive feedback aligned with Advanced Placement rubrics. Each
lesson was followed by peer editing opportunities. The focus question to be answered was, how
does structured teaching and modeling of peer editing impact scientific writing of Advanced
Placement Environmental Science students in a high school science classroom?. The outcomes of
this study were mixed. Students increased confidence in peer editing after treatment, and most
students valued the peer editing lessons and thought peer editing improved their writing.
However, the results of the Free Response Writing Test scores remained unaffected, and no

difference was found between the treatment and nontreatment groups.

Effectiveness of Peer Editing Lessons

The results of the Posttreatment Peer Review Survey indicated that 69% of respondents
strongly agreed and 25% agreed that instruction on peer editing was useful (N=36). Instructing
students how to peer edit gave them ideas for what to say to their peers. Students surveyed said
the lessons on peer review added clarity to their comments with one student commenting, “Now
I can articulate my thoughts for improvement much more clear because of the lesson.” Several
students also thought peer review would be a skill that would benefit them in the future. As a
result, they found the instruction on peer review useful. One student mentioned, “I think it will

help in the long run.” Of those surveyed, two students (6%) disagreed that the instruction on peer
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review was useful (Figure 3). These students noted that they knew how to peer edit but still
found the lessons a good refresher and useful. Of the students who disagreed, one student said, “I
already know how to peer review so that wasn't really needed, but going over constructive vs.

non-constructive feedback was useful.”

Instruction on how to peer edit was useful 6 69

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly disagree Disagree Agree M Strongly agree

Figure 3. Percent distribution in the Posttreatment Peer Review Survey, instruction on how to
peer edit was useful (Question 10), (N=36).

Of those surveyed in the Posttreatment Peer Review Survey, 100% agreed or strongly
agreed that the first lesson on learning constructive and nonconstructive feedback was useful
(N=36). One student said, “It gave examples of both positive and negative feedback; not just
saying don't do this but how to rephrase it to make it more constructive.” The second lesson
where students graded student samples from the College Board had more mixed reviews. Most
students either strongly agreed or agreed that the lesson was useful (91%), but three students
(9%) did not find the lesson useful (Figure 4). These students were frustrated with the amount of

time spent on the lesson. Each lesson lasted approximately 40 minutes. In the second lesson,
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three different student responses were reviewed and graded, giving constructive feedback on
each. One student noted, “We had never been truly taught before, so that was helpful, but at the
same time it is a fairly simple concept that I do not believe needed quite as much time as it got.”
The same sentiment was noted in the Teacher Journal. The two 40-minute peer editing lessons
required a large portion of class time. In addition, the process of peer editing required more time
than self-grading. Self-grading took less than 10 minutes while peer-grading required up to 20
minutes. Teacher workload was also not reduced during this study. There was no change in the
teacher grading time of end of unit Free Response Writing Test scores, and since practice Free
Response Questions were previously self-graded, peer editing did not decrease teacher workload

of entering these grades into the computer.

Learning constructive vs. nonconstructive was

useful (Lesson 1) e

(Lesson 2) N° &

Grading College Board sample work was useful -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Strongly disagree Disagree Agree M Strongly agree

Figure 4. Percent distribution in the Posttreatment Peer Review Survey, learning constructive and
nonconstructive was useful (Question 8), grading student sample work was useful (Question 9),
(N=36).
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Student Attitudes on Peer Editing

Students also gained confidence in peer editing after they experienced the two peer
editing lessons. Prior to treatment, students took the Pretreatment Peer Review Survey, which
found that 84% of students strongly agreed or agreed they could give helpful feedback to their
peers that would improve their peer’s writing (N=37). Of the 16% who disagreed with this same
statement, several students cited feeling bad giving too harsh criticism while others noted that
they were unsure of the feedback to provide because they did not know what their teacher was
expecting. After the two peer editing lessons, students took the Posttreatment Peer Review
Survey. The number of students who felt they could give valuable feedback increased from 84%
pretreatment to 94% posttreatment with 22% strongly agreeing and only 6% disagreeing (N=36).
Many students said they understood the writing expectations, which meant they could provide
useful feedback. One student responded, “I am familiar with what is required for good scoring
and can provide relevant feedback on how to achieve it.” When asked to rate their confidence in
giving constructive feedback to peers, before treatment 16% of students lacked confidence. One
respondent said, “I don't do great at FRQs so I think my feedback will not be effective.” After the
peer editing lessons, the number of students who lacked confidence dropped to 8% with the
majority of students (92%) agreeing or strongly agreeing that they could confidently give their
peers constructive feedback (Figure 5). One student noted, “Before this lesson I didn't really
know what to say in the comments when peer editing, but after Mrs. Jones taught us, I am much

more confident about it.”
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| can give feedback to improve someone else's

writing - Pretreatment = 76 .
Posttreatment 6 72 -

| am confident in my ability to give feedback -
Pretreatment — i -
Posttreatment 8 78 -

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly disagree Disagree Agree M Strongly agree

Figure 5. Percent distribution in the Pretreatment Peer Review Survey (N=37) and Posttreatment
Peer Review Survey (N=36), I can give feedback to improve someone else's writing (Question
4), I am confident in my ability to give feedback (Question 5).

In addition, 69% of students surveyed agreed and 22% strongly agreed that feedback
from their peers helped them to improve their work. Students felt their peers were able to help
them fix mistakes with one student noting, “When I get another person’s eyes on my work, they
are able to spot mistakes I hadn't noticed.” Other students surveyed appreciated the new ideas
and point of view a peer offered. One respondent said, “I can gain new and different perspectives
that I may not have considered before.” In Student Interviews, several other students noted that
gaining insight into how others think was an additional benefit of peer editing. One student
described peer editing as “mutually beneficial,” and another mentioned she was able to “get
ideas from other people’s work.” Overall, the majority of students felt feedback from peers

allowed them to improve their writing (Figure 6).
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Feedback from others helped my writing 8 69

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Strongly disagree Disagree Agree H Strongly agree

Figure 6. Percent distribution in the Posttreatment Peer Review Survey, feedback from others
helped my writing (Question 7), (N=36).

In the Teacher Journal, an added benefit noted during peer editing was the collaboration
that occurred between peers. After lessons, students peer edited a practice free response question.
During these peer editing sessions, students were engaged with each other. They asked clarifying
questions on responses they did not understand and explained constructive comments they gave
their peers. This level of engagement was not noted during self-grading sessions. Students were
very quiet during self-grading, asked very few questions, and did not analyze the grading rubric

in the same way that the peer graders did.

Student Prior and Current Experience with Peer Review

In the Pretreatment Peer Review Survey, 65% of respondents agreed they had used peer
editing in other classes and 70% of students agreed they had been taught how to peer review with
many citing experiences in English class (N=37). No students mentioned using peer editing in a

previous science class. There were mixed comments on the level of teaching that had taken
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place. Some students mentioned explicit instruction while others mentioned using rubrics to
grade their peers’ essays. For example, one student said, “A teacher has explained how the peer
review needs to be done with simple and clear directions,” indicating some level of instruction
had taken place. While another student discussed, “I have learned to peer review mostly in my
English classes where I have to check another peer’s work as they do mine. This checking is to
make sure everything that is on the rubric is in their essay before submitting.” Among the 30% of
students who disagreed that they had been taught how to peer edit, many cited they were asked to
peer review with minimal instruction. One respondent noted, “A teacher has never really taught
me how to peer review, they just give us a paper on what to look for and expect us to know what
to do. I think it’s basically them thinking that a previous teacher already taught us.”

After treatment, the number of students who said peer review was used in other classes
dropped from 65% to 58% (N=36). Students looked at this question differently the second time
around. Comments revolved around peer editing only being used in English and now our science
course. Some students mentioned using peer review at younger grades, but not as frequently now
in high school. Initially some students may not have understood the concept of peer review. Prior
to taking the survey, there was no discussion on peer review, its definition, and what it meant for
our class. In the Pretreatment Peer Review Survey some students commented they peer review in
math and other classes when they take group tests. Working collaboratively with peers is not peer
review, so this was a misconception. After our peer editing lessons, students had a much firmer
grasp on the concept of peer editing. For example, in the Posttreatment Peer Review Survey one
student said, “It taught me, after years of teachers just giving us papers and saying peer review

this, how to actually complete a peer review instead of being confused and putting whatever on
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the paper to complete the assignment.” After treatment, some students decided that fewer classes
use peer review and the percentage of students who agreed with this question dropped.

As expected, the number of students who agreed they had been taught how to peer edit
increased from 70% pretreatment to 94% posttreatment. Two students disagreed with this
statement (6%) posttreatment. Several students were absent during the peer editing lessons, and
identifying information was not collected during surveys. One student who disagreed
posttreatment said, “No one has really taught us, English has said to just do it with little
direction.” The second student responded, “I kinda figured it out on my own and then over time
teachers will just give me a rubric to grade off of, so I just went along with it.” Consequently, it
cannot be determined if these two students missed the lessons or just felt the lessons were not

valuable to them (Figure 7).

Peer review occurs in other classes -

Pretreatment - 55
Postreatment 42 58
A teacher has taught me how to peer review -
30 70
Pretreatment
Posttreatment 6 94

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%
Disagree Agree
Figure 7. Percent distribution in the Pretreatment Peer Review Survey (N=37) and Posttreatment

Peer Review Survey (N=36), Peer review occurs in other classes (Question 1), A teacher has
taught me how to peer review (Question 2).
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Free Response Writing Test Results

Although students reported positive experiences with peer editing in surveys, no
measurable difference was detected in the Free Response Writing Test scores. The Wilcoxon
rank-sum test yielded a p value of .14 (N=38), which is greater than .05 and indicated no
statistical difference between the treatment and nontreatment groups on the Unit 5 Free Response
Writing Test scores (Appendix K). Although the scores between treatment and nontreatment
groups were not statistically different, the treatment group had a higher mean and median. Out of
10 points, the treatment group had a mean score of 5.18 (n=17) compared to the nontreatment
group’s mean score of 3.90 points (#=21). The median score of the treatment group was also
higher with a score of 5 compared to the nontreatment median score of 3. In addition, the
treatment group showed a smaller interquartile range indicating less dispersion and more

consistency in treatment test scores (Figure 8).
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Figure 8. Box and Whiskers plot of Unit 5 Free Response Writing Test scores for nontreatment
(n=21) and treatment (n=17) groups.
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In Unit 6 the treatment and nontreatment groups were switched. Like Unit 5, the
Wilcoxon rank-sum test yielded a p value greater than .05 (p=.78, N=38) and indicated no
statistical difference in the Unit 6 Free Response Writing Test scores between the treatment and
nontreatment groups (Appendix L). Unlike results in Unit 5, the treatment group did not have a
higher mean than the nontreatment group. Out of 10 points, the treatment group had a mean
score of 6.62 (n=21) compared to the nontreatment group which had a higher mean score of 6.82
(n=17). Although the mean score was not higher, the difference between treatment and
nontreatment groups in Unit 6, 0.20 points, was drastically smaller than Unit 5, 1.28 points. In
addition, both groups had a median score of 7 in Unit 6. The interquartile range also showed less
variability for the nontreatment, but overall, both groups showed less dispersion and more

consistent scores on the Unit 6 test compared to the Unit 5 test (Figure 9).
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Figure 9. Box and Whiskers plot of Unit 6 Free Response Writing Test scores for nontreatment
(n=17) and treatment (n=21) groups.
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Student Advice for Teachers

One of the questions in the Student Interview asked students to give advice to another
teacher implementing peer review in their classroom. Ten students were interviewed after
treatment concluded. Eight out of 10 students interviewed said teachers should provide some
level of instruction of peer editing, since many students do not know how to do it effectively.
One student mentioned, “Teachers need to at least give examples of how to peer edit correctly.
They can’t just say give constructive feedback. Students need to see what that means because it’s
different in each class.” Two other students, who were interviewed, valued peer editing in person.
These students suggested teachers complete peer editing exercises in class instead of outside of
class as homework. One student mentioned that sitting next to his peer made it easier to explain

the edits face to face.
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CHAPTER FOUR

VALUE: REASONING AND REFLECTION

Claims from the Study

The goal of this study was to determine if explicit instruction of peer editing helped
students to become better writers. Although the results of this study indicated that peer review
had no significant impact on the Free Response Writing Test scores of Advanced Placement (AP)
Environmental Science students, students still appreciated the direct instruction on how to peer
edit, and they gained confidence in peer editing one another’s work, which led them to believe
they developed into better writers. I appreciated the level of student engagement that occurred
during peer editing exercises with students asking more questions and diving deeper into their
understanding of AP grading rubrics. If given more peer editing opportunities, I believe students
would become better writers and teacher workload could decrease. In addition, I believe peer

editing could close the gap between high and low achieving students.

Usefulness of Peer Editing Instruction

The majority of students valued receiving instruction on how to peer edit, with 69% of
respondents strongly agreeing and 25% agreeing that lessons on peer editing were useful.
Students acknowledged that feedback in each class looks different. Therefore, teachers should
provide some instruction on what that feedback looks like. For example, the feedback on a paper
in English may look different than feedback provided on a free response question in science. As a
result, teachers should provide specific examples and review writing expectations for their class

before a peer edit exercise occurs.
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In addition, students gained confidence in peer editing after peer editing instruction. Prior
to peer editing instruction, 84% of students were confident in their ability to give feedback to
peers. After peer editing instruction, this number increased to 92%. Prior to treatment, 84% of
students either strongly agreed or agreed they could give peers feedback to improve their writing.
After peer editing lessons, this number rose to 94% with 22% of students strongly agreeing.
Students appreciated that the peer editing lessons provided examples of constructive course-
specific feedback. In addition, they learned the expectations of AP graders on the AP exam. As a
result, students had examples of what to say to help their peers and their confidence to peer edit
increased.

Students also believed that peer editing helped them to become better writers. Of those
surveyed, 69% of students agreed and 22% strongly agreed that feedback from their peers helped
them to improve their work. Students described how peer editing benefited them in two ways.
They received useful feedback from their peers, and while peer editing, they got ideas for how to
answer questions in different ways. This benefit was mentioned in the research of Topping
(2009), who discussed that peer editing encourages self-reflection and metacognition. As
students read other students’ work, they gained ideas for how to improve their own work. In
addition, another important piece to peer review is giving students time to reflect after peer
editing occurs. Students should be given class time to review peer comments, make edits and ask
clarifying questions. Wichmann et al. (2017) referred to this as feedback uptake, and it was
something I consciously built into each of the peer editing exercises. I believe allowing time for

reflection and giving students time in class to make corrections to their writing based off peer
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feedback, made them feel more confident as writers because they were able to understand and fix

their mistakes.

Higher Student Engagement

Although the peer review lessons were a time investment, two 40-minute lessons, and
peer-grading took more class time than self-grading, 20 minutes compared to less than 10
minutes, [ believe the time invested in peer editing is worthwhile because students engage more
deeply with the text and rubrics compared to self-grading. During all four peer editing exercises,
I noted more student questions and more student discussion compared to the group who self-
graded. The peer-grading group seemed more invested in understanding the grading rubric and
understanding their peers’ responses to accurately award points. Students who self-graded had
less pressure to accurately grade because they were grading themselves, and since this practice
was for completion points, students knew I also would not be looking at it deeply to catch
mistakes. Peer-grading added an extra layer of accountability that caused students to engage
more deeply with the rubric and their peers.

The findings also suggested that peer review is an underutilized strategy in science
courses. Although 65% of students said they have used peer review before in other classes, none
mentioned using it in a previous science class. As a result, peer review is an instructional strategy
that could be used more frequently in science courses. When supported with proper instruction,
peer review could be a skill used to develop the writing of science students. Perhaps teachers are
nervous about the time investment, but the student collaboration and deepening of knowledge

that occurred while peer editing made the time well spent.
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Potential to Decrease Teacher Workload

In addition, I predict students will become better writers if given more peer editing
opportunities and as a result, teacher workload could decrease. In this study, students peer edited
for one unit the second semester of the school year. As a result, I did not feel or see a reduction in
teacher workload during this study. Peer grading and the initial lessons are time consuming, but
after students understand expectations, the process would be more automated. I think it is best
for students to start the school year with self-grading practice to understand the writing prompts
before attempting to give peers advice on how to fix mistakes. After the first quarter of the
school year practicing self-grading, I would introduce peer editing with the lessons in this study
and conduct peer editing the rest of the school year. As noted previously, peer review added an
extra layer of accountability and allowed students to engage more deeply with rubrics. Using
peer review for most of the school year would allow students to evaluate peer responses and have
a better understanding of rubric requirements, which will hopefully help them become better
writers and score higher on end of unit assessments. With growing class sizes, this would
ultimately save me time grading and providing feedback on end of unit assessments, decreasing

teacher workload.

Potential to Close the Gap between High and Low
Achieving Students

Finally, I believe peer editing helped close the gap in scores between my two class
periods. I tracked test scores between these two classes all school year, and my sixth period
consistently scored lower than my second period on all assessments. My sixth period class had a
higher number of students who took Chemistry their sophomore year, 71%, compared to 59% in

my second period. Compared with students in Chemistry Honors, students in Chemistry had
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fewer opportunities to practice writing skills. As a result, the lower assessment scores in sixth
period could be explained by the fact that many students had not practiced these skills during
their sophomore year. However, after sixth period received peer editing treatment, I noticed the
gap in scores between these two classes decreased.

My sixth period class was the nontreatment group in Unit 5 and the treatment group in
Unit 6. In Unit 5, as expected, the treatment group had a mean score that was 1.28 points higher
than the nontreatment group. In Unit 6, my sixth period received treatment and had a lower mean
score of 6.62 compared to the nontreatment group which had a higher mean score of 6.82.
Although my sixth period did not score higher than second period during their peer editing
treatment, the mean score was only 0.20 lower and was the smallest difference in mean writing
scores between the two classes all school year. This data suggests peer editing might have
reduced the disparity in scores between the two class periods. By exposing students to examples
of peers’ work, AP rubrics, and peer feedback, peer editing may have helped struggling writers to

develop their skills and move closer to the performance level of high-achieving peers.

Value of the Study and Consideration for Future Research

Overall, peer editing is worthwhile. The time spent teaching students how to peer review
effectively was well worth the investment. Instructing students how to peer edit increased their
confidence to give their peers meaningful feedback. During peer editing exercises, students were
highly engaged with the grading rubrics and asked clarifying questions to ensure their
understanding. As a result, they learned the writing expectations at a deeper level, which made
them feel like better writers. Dedicating time to teaching students how to effectively peer edit

also demonstrated the importance I place on it as an educator. I believe this creates greater
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student engagement, leading students to take the peer editing process seriously and invest time in
evaluating their peers’ work and providing constructive feedback. This study also reinforced the
need to teach students academic soft skills, like collaboration and using feedback to improve
work. I often hear teachers complaining that students cannot work in teams or struggle to learn
from their mistakes and as a result, fail tests. Over the last few years, I have realized that I need
to explicitly teach these skills because they do not come naturally to most students. As a result, |
will share my peer review lessons with my colleagues in hopes they will also implement peer
review in their classrooms as a way for students to improve confidence in their writing skills.

In addition, peer editing mimics what real scientists do. The Next Generation Science
Standards (NGSS) focus on students becoming scientists and understanding the scientific process
as a way of knowing. Engaging in argument from evidence is one of the science and engineering
practices where students critique claims of other students and evaluate the evidence that supports
the claims (National Research Council, 2012). Peer review is an important piece to
understanding the nature of science because it allows scientists to build durability in scientific
claims. Giving students opportunities to model what scientists do is essential because it helps
students deepen their knowledge in the scientific process and helps them to become well
informed citizens.

Although I did not see significant growth in student test scores, I believe peer editing for
longer could show greater growth. My plan is to start peer editing sooner next school year. The
level of engagement students displayed while peer-grading made this whole process worthwhile
to me. As students have deeper conversations about grading rubrics, they are likely to improve

their writing skills. More work should be done to determine if using peer review for longer
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periods of time in a high school science classroom can improve students’ writing. In addition, a
future study could focus on peer review’s impact on teacher workload. With growing class sizes,
can peer review help students become better writers and decrease the grading requirements of
teachers? Attention should also be paid to students who struggle with writing. In my study, I
observed the class period that typically struggles with writing performed better in the unit we
used peer editing. This raises the question of whether peer editing can help shrink the gap
between high and low achieving students. A long-term study on peer editing would be beneficial
to address this issue. In addition, students mentioned that peer editing occurs outside of class as
homework for some classes. I wonder if this method is as effective as having students peer edit
side by side in class. A future study could examine whether peer editing is more effective for

high school students in person during class or online outside of class.

Impact of Action Research on the Author

I am a naturally reflective teacher, always making changes between lessons and tweaking
curricula from year to year. Action Research allowed me to become more systematic in my
already reflective nature. I also learned to think of data in a different way. I learned to consider
multiple sources of data and find ways to triangulate data, so I have multiple pieces of evidence
to support or refute a teaching strategy. Understanding data in this way allowed me to effectively
analyze results to see if student learning was meaningfully impacted.

I plan to share this systematic way of measuring a tool or strategy’s effectiveness with the
new teachers I mentor in my district. I truly believe that teachers must remain engaged to stay in
the field of education. It is easy to get stuck in a loop of negativity blaming students, parents, and

the school for the problems we see in the classroom. When teachers instead wear the hat of
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problem solver, it allows them to change their practice in the classroom and try to solve some of
the problems they are seeing. This mindset will allow teachers to remain engaged in the
profession and lessen the chances of burning out. Teachers who reflect and make changes to their
instructional practice feel a sense of empowerment and stay more intellectually engaged in the

profession of teaching (Mertler, 2025).
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@ Outlook

IRB Protocol #2025-2374-EXEMPT APPROVED

From MoReply@TOPAZTLnet <MNoReply@TOPAZTL.net>
Date Mon 12/8/2025 2:58 PM

To  Gotz, Robyn <robyn.gotz@montana.edu; Jones, Jennifer <jenniferjones36@student.montana.edu>; Szott,
Brenna <brenna.szott@montana.edu>

**External Sender**
Hello Jones, Jennifer,
Your protocol was reviewed by the IRB and has been approved.

Pl: Jones, Jennifer

Approval Date: 12/8/2025

Title: The Effectiveness of Structured Teaching and Modeling of Peer Editing on The Scientific Writing of
High School Students

Protocol #: 2025-2374-EXEMPT
Review Type: Exemption
Expiration Date: 12/8/2030

Work described under this protocol may now commence. The Pl is responsible for ensuring that the
protocel accurately describes research practices being conducted.

> Review Category designation determined by the IRB can be found in the final section of your protocol.
> Any changes must be submitted via Amendment prior to implementation.

> Per the Common Rule, research only requires Interim (annual) Review by the IRB if 1) it was reviewed
via Full Committee or 2) is regulated by the FDA.

= All research is subject to post approval monitering.

> All protocol types must be renewed 5 years after approval.

> Inform the IRB once your research is complete so that the protocol may be inactivated.

Please contact your IRE Program Manager with any questions or if you are in need of assistance. Thank
you for your diligence in the care of human subjects research participants.

Institutional Review Board for the Protection of Human Subjects | Office of Research Compliance |
Montana State University

Figure A1. Email of Institutional Review Board approval
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Lesson One: Constructive and Nonconstructive Feedback

Purpose: Evaluate the comments on a free response question (FRQ) graded in two different ways
and discuss criteria for constructive and nonconstructive feedback on writing assignments.

Lesson:
1. Place students in partners or groups of three. Display the sample directions (Figure B1).

Peer Editing: Constructive vs. Nonconstructive Feedback

1. Read the FRQ prompt

2. Look at FRQ response with

3. Correct incorrect points based on the feedback given
4. If you see +1, underline WHY received point

/

Look at FRQ response with Grader B
6. Correctincorrect points based on the feedback given
If you see +1, underline WHY received point

Figure B1. Sample directions to display for students.

2. Pass out the Free Response Question prompt below and have students read through the
prompt (Figures B2-B3).
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AP® Environmental Science 2024 Free-Response Questions

ENVIROMNMENTAL SCIENCE
SECTION IT
Time—1 hour and 1 minutes

3 uestions

Directions: Answer all three questions, which are weighted equally; the soggested time is abouwt 22 minutes for
answering cach queastion. Wite all your answers in the Free Response booklet. Where caleulations are required,
clearly show how you arrived at your answer. Where explanation or discussion is required, suppoft your answers
with relevant information andfor specific examples. You may plan your answers in this orange booklet, but no credit
will be given for anything written in this booklet. You will only earn eredit for what you write in the separate
Free Response hooklet.

1. The following diagram shows how an area changed over time. The dominant vegetation in each stage 1s lahebed
in the diagram. Each roman numeral represents a stage in the ecological process.

1 1] 11 I v vl

Bare Lichens Small Annual  Grasses and  Grasses, Shrubs, and Shade-Tolerant

Rock Plamits and Perennials Shisde-Inmolerant Trees Such As
Lichens Trees Such As Pines  Ouks And Hickory
-
Time

{a) Identify the ecological change over timie illustrated in the diagram.
(b} Identify the stage in which pioncer specics first appear.
{c) Describe how soil forms from stage 11 o stage T

{d} Identify a culiural ecosystem service that may be provided by a mature forese.

B 2024 College Board.
Visit College Board on the web: collegeboard.org.

2 GO ON TO THE NEXT PAGE.

Figure B2. Lesson one free response question prompt, page one.
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AP® Environmental Science 2024 Free-Response Questions

Rescarchers are interested in investigating the effect of the remaoval of trees on the water guality of nearby
waterways. To condwct their cxperiment. the researchers locate two identical forest watersheds. both with a
rivier running through them, Ferest A is an intact forest and forest B is a clear-cut Forest. Four stream
monitering stations are set up in cach forest study arca. Each station monitors a variety of water gquality
indicators, including water temperature, at various bocations along the river. The experimental setup is shown in
the following diagrams. The ammows shown in the rivers represent the direction of water flow. The triangles in
the river show the location of the stream monitoring stations.

== Direction of water Mow

& Stream monitonng station

(&) Identify a testable hypothesis being investigated by the rescarchers.

{f) Identify the independent variable in the experiment.

{2} Describe the purpose of forest A in the experiment.

{h} Explain why the water temperature might change because of clear-cutting trees in forest B,

Adfter the experiment was completed, land developers constructed a golf course in the clear-cut area of forest B.
To prepare the land. developers removed any remaining stumps and newly grown trees and began planting and
fertilizing new grass. The researchers are intercsted in the effect the golf course may have on the water guality
of the river. To monitor the dver in forest B, the rescarchers repeated the experiment once the golf course had
been constructed.

{i) Explain why an indicator of water guality other than temperature could be altered by the golf course in
fowest B.

{j) Explain how the aguatic organisms living in the lake illusirated in the diagram of forest B are likely to be
affected by the new golf course.

Begin your response to this question at the top of a new page in the separate Free Response booklet
and fill in the appropriate circle at the top of each page to indicate the gquestion number.

& 2024 College Board.
Visit College Board on the web: collegebaard org.

3 GO ON TO THE NEXT PAGE.
Figure B3. Lesson one free response question prompt, page two.
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3. Pass out the graded student sample response A (Figures B4-B5Y).

A 1B 1of2
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Use a pen with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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Figure B4. Lesson one graded student sample résponse A, page one.
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A. ) 1B 2 of 2
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Begin your respaonss o aach question at the 1op of a new page. Do not skip lines
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Figure BS5. Lesson one graded student sample response A, page two.
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4. Students will correct incorrect responses using the feedback provided on the FRQ.
5. For responses that received +1, students must underline why the student earned the point.
6. Repeat this process with student sample response B (Figures B6-B7).

B 2/ 1B 1of2
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Figure B6. Lesson one graded student sample response B, page one.
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Figure B7. Lesson one graded student sample response B, page two.
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7. Give students the following discussion prompt:

a. Which FRQ grader was easier to correct? Grader A or Grader B? WHY?

b. What is constructive vs. nonconstructive feedback?
8. Give students time to discuss in small groups and then share with the whole group.
9. Create a criteria list of constructive and nonconstructive feedback (Figure BS).

Peer Editing: Constructive vs. Nonconstructive Feedback
Constructive Nonconstructive
To build and improve Purpose To criticize and tear down
Builds confidence and morale Impact Lowers confidence and morale
Respectful, supportive, considerate Tone Harsh, negative, or personal
Detailed and precise Specific Vague and unhelpful
Leads to improvement Actionable Does not lead to improvement

Figure B8. Sample criteria list of constructive and nonconstructive feedback.

Activity adapted from the College Board (2025b) released exam FRQs.
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APPENDIX C: PRACTICE FRQ PEER EDIT AFTER LESSON

ONE
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Unit 5 FRQ #1 Practice - Feeding the World

All FRQs must be handwritien on a separate sheet of paper!

Refer to the figure or diagram to answer the question. Where explanation or discussion is required, support
your answers with relevant information and/or specific examples.

EFFECT OF PERCENT SLOPE ON ANNUAL
EROSION FOR FOUR AGRICULTURAL PRACTICES

T = tolerable loss

g 30+

— Tillage
a2 : RS T
:g 5 ==== No-till +
< cover crop
% rotation
L
=
=
E
<

) i =
0 5 10 15 20 25 30
Slope (%)

Soil erasion is one of the most serious soil-degrading processes. Each year tons of soil erode from cropland,
pastures, forests, and other places. The amount of erosion varies dramatically among various land-use types.

The figure above shows the effects of different agricultural practices and slopes on annual erosion rates.
{a) Refer tothe graph above for the following.
{i}  Identify the scientific question that resulted in the data presented in the graph,
(i}  identify the agricultural practice that could be used on a 15% slope without leading to a higher
than tolerable loss of soil.
(iii)  Describe the effect of adding a cover crop compared to using the no-till method.
(iv)  Identify one natural mechanism of soil erosion.

{b) Sediment from erosion can enter streamns and affect water quality. One way sediment can enter a
stream is from nearby road construction. Two methods to reduce sediment run-off in streams are to
either put down straw bales or plant grass. The hypothesis to be tested is that straw bales reduce more
sediment run-off than planted grass does. To test the hypothesis, two plots near a road under
construction are measured. On one plot (A), straw bales are used to cover the soil, while a second plot
(B) is planted with grass. The sediment discharge from each plot is measured after rainfall.

i)  Identify the dependent variable stated in the hypothesis.
(i) Describe one way to add a control ta improve the design of the study.
(iii)  Identify one variable that was not discussed that could affect the results of the study.

Sediments reaching streams affect water clarity, which is tested by determining turbidity. Turbidity can be
determined by measuring the depth at which a submerged object can no longer be seen from the surface.

Sample Group Turbidity
Saw bale plots (plot A) 12cm
Planted grass plots (plot B) 28 cm

(iv) Based on the data inthe table above, make a claim about the stated hypothesis.

{c} Several fish species lay their eggs in the gravel in the streams under investigation in the study.
{iy  Describe the type of survivorship curve expected for these fish species.
(i)  Explain why the input of sediment to a stream can negatively affect reproduction of fish that lay
their eges in the gravel of the streambed.

Figure C1. Unit 5 practice free response question number one.

Activity adapted from the College Board (2025b) released exam FRQs.
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Unit 6 FRQ #1 Practice - Energy Resources

All FRQs must be handwritten on a separate sheet of paper!

1. Many college students have a mini fridge in their dorm room. A standard mini fridge
costs roughly $100, uses about 100 watts of electricity each hour, and can be expected to
last for 5 years. The refrigerator is plugged into an electrical socket 24 hours a day, but is
usually running only about 12 hours a day. Assume that electricity costs
$0.10/kWh. YOU MUST SHOW WORK AND UNITS TO RECEIVE POINTS!

a. Calculate the lifetime monetary cost of owning and operating the refrigerator.

b. Assume that the electricity used to power the refrigerator comes from a coal-burning
power plant. One metric ton of coal contains 29.3 GJ (8,140 kWh) of energy. Because of the
inefficiency of electricity generation and transmission, only one-third of the energy in coal
reaches the refrigerator. Calculate how many tons of coal are used to power the refrigerator
during its lifetime.

c. Assume that 15 percent of the mass of the coal burned in the power plant ends up as coal
ash, a potentially toxic mixture that contains mercury and arsenic. Calculate how many tons of
coal ash are produced as a result of the refrigerator’s electricity use over its lifetime.

d. What externalities does your answer from part (a) not include?
i.Describe one social cost associated with using this appliance.
ii.Describe TWO environmental costs associated with using this appliance.

e. Describe one way a college student could reduce the electricity use associated with
having a mini fridge in his or her dorm room.

Activity adapted from the College Board (2025b) released exam FRQs.
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APPENDIX D: LESSON TWO: SAMPLE FRQS FROM THE

COLLEGE BOARD
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Lesson Two: Sample FRQs from the College Board

Purpose: Review the criteria for constructive and nonconstructive comments, give constructive
comments to sample FRQs from the College Board, and become more familiar with rubrics used
for scoring FRQs on the AP exam.

Lesson:
1. Place students in partners or groups of three. Project the directions for the activity (Figure
D1).

FRQ Grading
1. Skim the FRQ Question.

2. Read the student response.
o Highlight the point earned and
o justify with the number/letter on the grading rubric.

3. Work with your team to determine if a point should be
earned. Write at least TWO constructive comments.

4. Write the total score on top.

5. We will discuss what score the AP Readers gave.

Figure D1. Lesson two free response questions grading directions for students.

2. Pass out the Free Response Question prompt and have students read through the prompt
(Figures D2-D3).
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AP*™ Environmental Science 2023 Fres-Response Questions

2. Asian carp were first infroduced in the southern United States in the 1970s by fish farmers wanting to control

algal growith in fish ponds. Asian carp can cat up to 40% of their body weight in algae cach day, and a female
carp can produce up to 1 million eggs every year.

Distribution of the Asian Carp in the United States

Missowri River Lake Michigun

| i 1 Lake Omeario
I Lake Superior III Lake Huron /

— !\-‘u_im r'l'u:r.\.
@ 1070 Asian carp distribution
2021 Asian carp distribution

(a} Based on the information given, identify a body of water invaded by Asian carp that 15 labeled on the map.

(b1 Based on the information shown in the map, describe the change in the distribution of Asian carp since
their introduction in the 19705,

The Great Lakes are a group of five major freshwater inland lakes that all share the same watershed.

(¢} Deseribe one impact the introdection of Asian carp could have on the ecosystem services provided by the
Great Lakes region.

(d} Propose a realistic solution to help redwce the spread of the Asian carp from their current distribation.
(e} Justify the solution proposed in part {d} by providing an additional advantage.

The following is an example of a simple food chain in the Grear Lakes.

Algac — Zooplankion — Macroinvenchrates — Yellow perch — Rainbow trous

(£} Identify the primary consumer in the Great Lakes food chain.

(g} Describe what the arrows in the aguatic food chain represent.

£ 2023 College Board.
Visit College Board on the web: collegeboard.ong.
4 GO ON TO THE NEXT PAGE.

Figure D2. Advanced Placement Environmental Science free response prompt about Asian Carp,

page one.
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AP® Environmental Science 2023 Fres-Response Questions

(h) Describe ane possible effect of the introduction of the Asian carp on the Great Lakes food chain.

The blue pike, a fish that was endemic to the Grear Lakes, was commercially fished from the late [E00s until
their population crashed in 958, In 1970, the species was declared to be extinet

(i) Describe one way that overfishing of blue pike illustrates the tragedy of the commons.

(i3 O pestential solution o reduce overfishing is we use aquacalivee. Deseribe one disadvantage of this
solution.

Begin vour response to this question at the top of a new page in the separate Free Hesponse hooklet
amd fill in the appropriate circle at the top of each page to indicate the question number.

& 2023 College Board.
Visit College Board on the web: collegeboard org.
5 GO ON TO THE NEXT PAGE.

Figure D3. Advanced Placement Environmental Science free response prompt about Asian Carp,
page two.
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3. Pass out student sample response 1A (Figure D4).

1A 1 of 1
Important: Complataly fll in the circla Question 1  Question2 Cuestion 3 o _.
that comasponds 3 the guastion you =
an angwaring on this page. L

Bagin your responsa b each guestion at the top ol a new page. Do not skip knes.
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Usa a pan with black or dark blue ink only. Do NOT write your name. Do NOT write outside the box.
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Figure D4. Advanced Placement Environmental Science sample student responses 1A.
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4. Using the scoring rubric, students will determine the score awarded for the student
sample (Figures D5-D9). Students will use highlighters to identify where the point was
earned and justify the point with the number and letter on the grading rubric. Students
must find at least two areas to leave constructive comments to help the sample student

earn more points.

2023

AP Environmental

Science

Sample Student Responses
and Scoring Commentary
Set 2

Inside:

Free-Response Question 1
[ Scoring Guidelines
I Student Samples

[ Scoring Commentary

2023 College Board, College Board, Advanced Flacement, AP, AF Central, and the acom Loga are regigtered
trademarks of College Board Visit College Baand o the web: callegebeard cog.
AP Cennral 18 the officta] anline home for the AP Program: apeentral colleqeboard arg.

KB

Figure D5. Advanced Placement Environmental Science scoring rubric, page one.
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AP® Environmental Science 2023 Scoring Guidelines

Question 2: Analyze an Environmental Problem and Propose a Solution

(a) Based an the information given, identify a hud:p_ofmter. invaded by Asian carp that is N
|abeled on the map.

Accept one of the following:

| =
3
3
I"I'I

Mississippi River
Lake Erie
Missouri River
Ohio River

10 points

1 point

(b} Based on the information shown in the map, describe the change in the distribution of
Asian carp since their introduction in the 1970s.

Accept one of the following:

| »

a-
EX
ye

They are more widely distributed/found in most of the watershed/in a larger area
than they were in the 1970s.

They have moved up/down the Mississippi river.

They have moved up the Missouri River/Ohio River,

They have moved northwest and northeast up the rivers.

1 point

(e) Describe one impact the introduction of Aslan carp could have on the ecosystem services
provided by the Great Lakes region.

Accept one of the following:

| =
ae

EL
l-t-

5

iat

Improved drinking water quality as carp consume algae.

Decreased recreational opportunities (boating/swimming) from the increased
population of carp in the water interfering with activities.

Decreased fishing due to carp outcompeting native fish species.

Decreased drinking water quality as carp displace filter feeders like native mussels in
the food chainfweb.,

Decreased algae population resulting in decreased photosynthesis and increased
greenhouse gases/global warming/climate change.

Decreased algae population resulting in decreased photosynthesis and decreased

oxygen production.

1 point

Figure D6. Advanced Placement Environmental Science scoring rubric, page two.
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{d) Propose a realistic solution to help reduce the spread of the Asian carp from their 1 point
current distribution.
Accept one of the following:
| = Offer incentives for fishers to catch and kill carp.
h- Encourage consumption of carp.
3 = Build fencing/netting between waterways.
o * Use shock treatment {dispersal barrier system).
g = Create/Use an Asian-carp specific poison/deterrent {carpicide, CO;, microparticles).
Y = Implement high-frequency sound deterrent system.
7]+ Prohibit transfer of bait or ballast water from ene body of water to anether.
(e) Justify the solution proposed in part (d} by providing an additional advantage. 1 point

Figure D7. Advanced Placement Environmental Science scoring rubric, page three.

Accept one of the following:

Solution proposed in part (d)

Justification of solution with
additional benefit

| Build fencing/netting between waterways,

Create/Use an Aslan-carp specific
poison/deterrent (carpicide, CO,,
microparticles).

=1

3 Implement high-frequency sound
deterrent system.

11 Use shock treatment [dispersal
barrier system).

# i Create jobs in the Great Lakes
fishing industry.

« 8§ Little to no harm to native animal/plant
populations in watershed,

* L Reduce negative impacts carp have on
the feeding relationships in the
Mississippi/Great Lakes watershed.

«D Maintain revenue for existing fishing
industry/tourism of Great Lakes.

g Encourage consumption of carp.

= Increase revenue in the Great Lakes
fishing industry/sale of carp.

# 5 Reduce negative impacts carp have on
the feeding relationships in the
Mississippl/Great Lakes watershed.

= Provide new food source
(domestically/internationally}/combat
hunger issues worldwide,

s Allow the return of native species

resulting from less competition from the

Asian carp.
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AP® Environmental Science 2023 Scoring Guidelines

Offer incentives for fishers to catch and * & Create jobs in the Great Lakes

lp kill carp. fishing industry.

= Increase revenue from the sale of
Asian carp.

« (. Reduce negative impacts carp have on
the feeding relationships in the
Mississippi/Great Lakes watershed.

=3 Provide new food source
(domestically/internationally}/combat
hunger issues worldwide.

» £ Allow the return of native species
resulting from less competition from the

Asian carp.
__r Prohibit transfer of bait or ballast water # ). No harm to native animal/plant
from one body of water to another, populations in watershed.

* B Reduce negative impacts carp have on
the feeding relationships in the
Mississippi/Great Lakes watershed.

s C.Maintain revenue for existing fishing
industry/tourism of Great Lakes.

{f) Identify the primary eonsumer in the Great Lakes food chain. 1 point

| « Zooplankten

{e) Describe what the arrows in the aguatic food chain represent. 1 point
Accept one of the following:

| « Theflowof energy/energy flow.
= ¢+ The flow of matter/matter flow.

{h) Describe one possible effect of the introduction of the Asian carp on the Great Lakes 1 point
food chain.

Accept one of the following:

| & There will be fewer zooplankton/macroinvertebrates/yellow perchfrainbow trout.
2 » There will be less food for other species at the same trophic level on the food chain.
3 « There will be less food for species that don’t eat carp and are higher on the food chain,

@ 2023 College Board

Figure D8. Advanced Placement Environmental Science scoring rubric, page four.
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AP® Environmental Science 2023 Scoring Guidelines

(i) Describe one way that overfishing of blue pﬁce illustrates the tragedy of the commons. 1 point
Accept one of the following:

| = The blue pike are a shared resource that were depleted/went extinct due to
unregulated access.

3 ° Theblue pike are a commen resource that were depleted by fishers, maximizing
profits/eatching as many as possible.

il One potential solution to reduc_e overfishing is to use aguaculture. Describe ane 1 point
disadvantage of this solution.

Accept one of the following:

Aquaculture contaminates water with excess organic waste/antibiotics.

Fish that escape from facilities compete or breed with wild fish.

Fish in aguaculture facilities can spread diseases to wild fish.

The high density of fish in aguaculture facilities can lead to increased disease.
Loss of jobs in the fishing industry.

s  Excess pressure on fisheries/wild stocks used to create food pellets.

s [Decrease in genetic diversity of farm raised fish.

s Habitat degradation from conversion of ecosystems to fish farms.

s  Overuse of antibiotics in farmed fish (create antibiotic resistant bacteria that can be
harmful to humans).

e W Wy
L

Total for question 2 10 points

© 2023 College Board

Figure D9. Advanced Placement Environmental Science scoring rubric, page five.
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5. After students have written a total score out of 10 at the top of the paper, the teacher will
review the score awarded by the College Board with the whole class.

6. Repeat this process with student sample responses 2A (Figures D10-D11) and 3A
(Figures D12-D13).

Activity adapted from the College Board (2025b) released exam FRQs.
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Figure D10. Advanced Placement Environmental Science sample student responses 1B, page
one.



71

1B 2 of 2
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Figure D11. Advanced Placement Environmental Science sample student responses 1B, page
two.
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Figure D12. Advanced Placement Environmental Science sample student responses 1C, page
one.
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1C 20of 2
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Figure D13. Advanced Placement Environmental Science sample student responses 1C, page
two.
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APPENDIX E: PRACTICE FRQ PEER EDIT AFTER LESSON

TWO
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Unit 5 FRQ, #2 Practice

All FRQs must be handwritten on a separate sheet of paper!
1. Mineral resources are extracted from the earth by mining ore and separating it from the residual rock.
{2) Identify one type of mining that is used to extract natural resources from the earth.

{b) Figure 1 below shows the amount of sediment in runoff in undisturbed (vegetated) areas and in areas where
mining has disturbed the vegetation (nonvegetated area) in the riparian zone of a stream in Brazil.

FIGURE 1: AMOUNT OF SEDIMENT IN RUNOFF IN A RIPARIAN ZONE.

5 120
[ Nonvegetated area
5 4 A B Vegetated area 100
= — Rainfall
2, / \ _ © g
=
: A N
E \ \ 40 2
E 1 ___f/ 20
p _
JIAL L J_H..g

14 28 42 56 70 84 98 112 126 140 154 168 182 196 210
Number of Days

(i} Identify the day of the study when the largest amount of sediment was present in runoff.
(i) Describe the relationship between the amount of rzinfzll and the amount of sediment in runoff
(iii} Based onthe datainthe sraph, explain how mining practices affected the water quality in nearby streams.
{c) The extraction of mineral resources has a variety of environmental impacts and can also affect human health.
(il  Describe one effect mining can have on human health.

(i) Malu_za_ claim that proposes a solution to reduce the environmental impacts of mining, other than a ban
on mining.

(i)  Usedata and evidence from the graph to support a potential solution to reduce the impacts of mining
on stream quality.

{d) Scientists are interested ininvestigating the possibility that plants can be used to remove heavy metals from
contaminated soil. They divide a sample of soil with heavy metal contamination into five different pots and
plant five different species of grass they believe will take up metals into their roots and leaves. They also plant
the same grasses in five pots with uncontaminated soil. After allowing the grasses to grow for 2 month, they cut
the grass and measure the concentration of metals in milligrams per kilogram.

(il  Identify the dependent varizble for the investigation.
{iil  Identify one modification that could be made to the investigation that will alter the results.

(il After determining the species of grass that removes the most metal, it is planted in the area that was
lozged. In addition to removing metals from the soil, describe one advantage to the stream of planting
grassin this area.

Figure E1. Unit 5 practice free response question number two.
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Unit 6 FRQ #2 Practice
All FRQs must be handwritten on a separate sheet of paper!

Battery electric wehicles (BEVs) often have been proposed as an environmentally sound alternative to the
internal-combustion engine (ICE} vehicles for transportation. In response to state initiatives, several car
manufacturers now include electric vehicles among their available models. In spite of these state initiatives,
the penetration of electric vehicles into the transportation sector of the United States, as well as other
countries, remains modest.

{a) Identify and describe one environmental benefit to using electric vehicles in place of gasoline-powered
engines for transportation. +1 point

(b} Assume that the fuel efficiency of the ICE vehicle is 25 miles per gallon (mpg) and that gasoline costs
$3.75 per gallon (gal). Calculate the cost of gasoline per mile. +2 points

{c) The charger supplies energy to the BEV battery at an average rate of 4.0 kilowatts (kW) and fully
charges the BEV battery in 7.0 hours. The car will run for 100 miles on a full charge. The cost of
electricity is 50.11 per kilowstt-hour {kWh).

{il  Calculate the cost of the electricity to fully charze the battery. Assume that the battery is not
charged to begin with. +2 points

{ii)  Calculate the cost of electricity per mile to drive the BEV. 41 point

Fremont Examiner
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{d) Calculate the number of acres required to produce 1,000 gallons of oil in one year from +2 points
{i} microalgae

(i) soybeans

{e] Describe one environmental advantage that biodiesel production from microalgae offers over biodiesel
production from the other crops listed in the table. +1 point

{f) Explain why burning biodiesel fuel has a different impact on atmospheric CO,; concentrations than does
burning fossil fuels. +1 point

Figure E2. Unit 6 practice free response question number two.

Activity adapted from the College Board (2025b) released exam FRQs.
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1721126, 814 PM Peer Review Survey

Peer Review Survey

Taking part in this survey is voluntary and participation of nonpanicipation will nat affect your grade of standing in class in any way.

Choose the best choice and when appropriate explain your chaice.

A Il e rars iirad miatiae

1. Pesrreview is used in other classes. *
Mark only one oval
) Suongly disagree
() Disagres
1 Agres
() swengly sgree

2 Ateacher has taught me how to peer review. *
Mark only one oval.
) Swengly disagres
) Disagree
[ hgree
() suengly sgree

3. Explain your choice to the previous statement. *

4. The only feedback that is valuable comes from the teacher of my class. *
Mark only one oval
() swengly disagree
) Dizagre=
) ngres
) Swongly agree

3. | can give other students helpful feedback that will mprove their wnting. *
Mark only one oval

) Suongly disagree

Disagres
1 Agres
) Strongly agree

Figure F1. Pretreatment peer review survey, page one.
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1/21428, 8:14 PM Peer Review Survey

6. |am confident in my ability to offer constructive feedback to my peers. *

Mark only one oval

[ suengly disagree
() Disagres

) Agres

| Sengly agree

7. Explain yowr choice to the previous statement. *

8. |can take feedback from ofhers and apply it to my work to make it better, *

Mark only one oval

| Strongly disagree
[ Disagree
[ gres
() swongly agree

Thils COHTIEN IS RERneT oreatei nod andorsed Dy Googke.

Google Forms
Figure F2. Pretreatment peer review survey, page two.
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APPENDIX G: POSTTREATMENT PEER REVIEW SURVEY



81

1721126, B:15 PM Peer Review Survey

Peer Review Survey

Taking part in this survey is voluntary and participation of nonpanicipation will nat affect your grade of standing in elass in any way.
Choose the best choice and when appropriate explain your choice.

1. Peerreview is used in other classes. *
Mark only ane oval
) svengly disagres
() Disagres
) gree
() swengly agree

2. Ateacher has taught me how to pesr review. *
Mark only one oval
) swengly disagree
) Disagree

) grea

() swongly sgree

L

3. Explain your choice to the previous statement. *

4. The only feedback that is valuable comes from the teacher of my class_ *
Mark only one oval

) Swengly disagree
) Disagres

) Agree

{7 swengly agree

3. | can give other students hedpful feedback that will mprowe their writing. *

Mark only one oval
() swengly disagres
) Disagres

) hgres

) swengly agree

Figure G1. Posttreatment peer review survey, page one.
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1721126, B:16 PM Peer Review Survey

6. | am confident in my ability to offer constructive feedback to my peers. *

Mark onlfy one oval

| Swrengly disagree
) Digagree
) hgree

) Swongly sgree

7. Explain your choice to the previous statement. *

E. | can take feedback from others and apply it to my work to make it better. *

Mark only one oval

| Srrengly disagree
{__ Disagree
E

) Agres
) swongly agree

Feedback from other students on my FRQ writing helps me to improve the quality of my work. *
Mark only one oval

) swongly disagree
() Disagree

) hgres
() swongly agree

10. Explam your choice fo the previows statement. *

11. Leaming the difference between constructive and nonconstructive comments was useful. *

Mark only one oval.
[ swongly disagree
) Digagres
() mgrea

) Suongly agres

Figure G2. Posttreatment peer review survey, page two.
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1421128, B:15 PM Peer Review Survey
12. The activity where we graded student sample work from College Board and leamed sconing expectations was useful. =
Mark only one oval.

I Smengly disagres
) Disagres

() gree
() swengly agree

13. The instruction on how to peer edit was useful. *
Mark only one oval.

_| Snangly disagres
| Digagres

) Agres

") Smengly agres

14. Explain your choice to the previous statement. *

Thils COHTIEN BS RaEReT CPsabei nod anoorssd by Googhe.
Google Forms

Figure G3. Posttreatment peer review survey, page three.
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Teacher Journal

I plan to record:

1. Student comments during the peer editing instructional activities (modeling good and
poor comments, grading student sample work from the College Board).
e Are students finding the activities useful?
e Are students engaged? Helping each other?
e Are they struggling with the directions?
e What does the classroom environment feel like?
2. Student comments and questions while peer editing.
3. Student comments and questions while using peer comments to edit and improve on their
own assignments.
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Unit 5 Free Response Question. Use the bock of your onswer sheet to write the FRQ below. Take o minute to think,
plan ond outlire. Pay attention to how many points each section is worth. Write clearly, include any necessary focts
ond vocobulgry — DO NOT OVER OR UNDER WRITE. Lobe! your onswers with their letter, write legibly and orgonize!

The major issues in modern agriculture include the use of genetically modified (GM) crops and the implementation of

sustainable agricultural practices. The following graph shows the increase in the use of GM crops in both developing and
industrialized countries from 1995 to 2004.
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[a) Reply to the following questions based on the data in the graph above. 4 points

{i} Calculate the increase in the area of land used for growing GM crops in developing countries from 1339
to 2003. Express your answer as 8 percentage of the 1999 value.

[ii} Calculate the annual rate of increase in land area used for growing GM crops in industrialized countries
from 1997 to 1999.

fiii}  Using the rate you calculzted in part (i), calculate the area of land that would have been expected to be
used for GM crops in industrialized countries in 2004.

{iw})  Identify one likely cause for the difference between the projected land area for GM crops in
industrialized countries in 2004 and the actual land area for GM crops in industrialized countries in
2004.

[b} Describe one environmental advantage of using GM crops. I points
[c} Describe onz environmental disadvantage of using GM crops. 1 paints

[d} A healthy soil ecosystem is of primary impartance in sustainable agriculture. Describe TWO viable agricultural
practices that farmers can use to maintain or improve soil gquality. 2 points

{e) Consuming locally grown preduce is often a way for people to be mare environmentally friendly.
{il Make aclaim that proposes an environmental advantage of consuming locally grown produce. 1 points
{ii] Justify the claim made in (e){i} by explaining an additional benefit of eating local, other than helping the
environment. 1 point

Figure I1. Unit 5 free response test question.
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Unit & Free Response Question. Use your answer sheet to write the FRO below. Toke o minute to think, plan and
outline. Poy ottention to how maony points each section is worth. Write clearly, include any necessary focts and
vocabulary — N NOT OVER OR UNDER WRITE. Lobe! your answers with their letter, write legibly and organize!

[a) The graphs show the percentage of electricity production by source in 2009 and 2019 for the state of Texas

20049 Texas 2019 Texas
Elactricity Production Electricity Production
by Source (%) by Source (%)
Wind
.4 Hydro Solar —  — Hydro

— T~ 0.4
MNuclear
13.8

Coal Natural Gas)
'-,\ 36.8 42 B

(i) Based on the graphs, describe the trend in electricity production from coal between 2009 and 2019. 1
point

{ii) The Texas state government decided to offer subsidies in 2020 for energy production by solar power in
the form of a consumer tax credit. Explain how these government subsidies would affect the energy
production by coal by 2030 in Texas. 1 point

(b} An important contributor to global climate change is the release of CO, from the rapidly increasing number of
coal-burning power plants in China. Assume that the coal burned at these plants to provide the power to
manufacture a single iPhone releases 40 kg of CO, and that it costs $0.75 to capture 1 kg of CO, and keep it
from entering the atmosphere.

i} Calculate the cost, in dollars, to capture the total amount of 00 released from manufacturing one
iPhone. Z points

[c] Strategies for the use of solar energy in building designs include passive solar design that also incorporates
active solar energy technologies.
(i) Describe passive solar home design and active solar energy use. 1 point

{ii) Identify two examples of passive solar home design technique. 2 points

KEEP GOING - more on the next page.

Figure 12. Unit 6 free response test question, page one.



&9

[d} Hogs are best raised between 14°C and 21°C. A farmer iz concerned that higher temperaturss at the farm
might reduce hog growth rates. The state agricultural schiool provided the farmer with information about how
temperature plays an important role in hog growth and their nutritional needs. Daily summer high
temperatures at the hog farm range from 20°C to 35°C. The farmer conducts an investigation in which hogs are
kept at four different temperatures. Each group contains 10 hogs, and each hog is offerad the same type of
feed and allowed to =at as much as it wants over seven days. The amount each hog consumes is recorded on a
daily basis, and the average for each group is calculated.

Temperature [ ") | Average Daily Feed Intake (grams /day)
18 2,700 |
22 2,650
25 2,550 |
28 2,300

] Identify the control group for the investigation. 1 point

{ii)  Identify the hypothesis of the investization. 1 point

[iii}  The farmer lives in a climate in which the temperature drops below freezing (0°C) in the winter, and the
farmer plans to keep the hogs outside. Explain how this would likely impact the feed requirements of the
hogs. 1 point

Figure I3. Unit 6 free response test question, page two.

Questions adapted from the College Board (2025b) released exam FRQs.
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Interview Questions

Taking part in this interview is voluntary and participation or nonparticipation will not affect
your grade or standing in class in any way.

1.

2.

What part of peer review did you find the most difficult?
Do you find peer review valuable? Why or why not?

Are you able to be honest with your peers about ways that they can improve? Why or
why not?

Do you find it easy to take feedback from your peers and apply it to your work? Why or
why not?

Did peer feedback help you to become a better writer in APES? Why or why not?
What did you learn from the process of peer editing? Give specific examples.
If another teacher were to implement peer editing, what would be your advice?

Is there anything else you would like me to know?
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APPENDIX K: UNIT 5 WILCOXON RANK-SUM TEST

RESULTS
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Figure K1. Unit 5 Wilcoxon Rank-Sum test results.
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APPENDIX L: UNIT 6 WILCOXON RANK-SUM TEST

RESULTS
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Figure L1. Unit 6 Wilcoxon Rank-Sum test results.
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