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Abstract 
Writing assignments were introduced to a large introductory Oceanography class at UCSB. The 
assignments evolved, over a period of 10 years, from papers handed in to the instructor, to online 
peer reviewed assignments using the calibrated peer review methodology. The assignments 
required students to acquire and plot data and use these data plots to create scientific arguments 
in support of a theory. The topics addressed plate tectonics, the Indian monsoon, the Earth's 
climate, and the world fisheries. The course activities were managed by the EarthEd software 
package, which supports course management functions such as online writing and peer review, 
image storage and upload, auto-graded homework problems, and course grade computation. 
Access to Earth data is integrated within the EarthEd software through the "Our Dynamic Planet" 
CDROM, Global Ocean Data Viewer, and links to other data browsers available on the web. 
Data representations are captured as images, uploaded to the student's image library (in EarthEd) 
and then can be edited and linked to the writing assignment text. Convenient commenting, 
scoring, grade curving, and posting is also implemented. The peer review assignments were 
successful in providing accurate grades for students, while reducing grading by the instructor by 
about 70% to 80%. 
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Introduction 
Our general education science courses provide essential science content and critical thinking 

skills for the majority of our college students, who may take only one or two science courses 

during their undergraduate experience. Our introductory courses might be viewed as "terminal" 

courses for many. Committees of the American Geophysical Union (1997) and National 

Research Council (1996) recommend that introductory science courses include a greater 

emphasis on "hands-on" inquiry and science process and less emphasis on the memorization of 

facts. Here we discuss how science writing using Earth data has been incorporated in a large 

general education oceanography class at UCSB (Prothero, 1995; Prothero, 2000). The methods 

presented here are the result of a 10 year collaboration between the authors that includes an 

examination of student writing, TA grading of writing, development of online writing 

technology, and refinement of the methods and materials based on these findings (Kelly et.al., 

2003; Takao et.al., 2003; Kelly et.al., 2002; Takao et. al., 2002; Kelly et. al., 2000).  

 

Description of UCSB Oceanography 

The class currently serves 70 to 100 students each quarter and satisfies a quantitative science and 

writing requirement for the undergraduate major. There are 3 hours of lectures and a two hour 

lab section (limited to 20 students) per week. The demographics are similar from session to 

session (40-50% freshman, 25-35% sophomores, 10-16% juniors, and 10-15% seniors). About 

80% of the students are liberal arts majors. Our approach is to model the course activities after 

those of practicing scientists. These include the selection and display of Earth data, use of data to 

support a theory, construction of scientific arguments in oral and written form, and review of 

peers' work. This is made possible with smoothly functioning software that insulates the learner 

from the details of data formats, complicated plotting programs, and provides point and click 

access to a rich variety of Earth data. The software also helps manage the assignments and their 

due times, and allows students to monitor their progress in meeting course requirements. The 

EarthEd software (Prothero, 2005) that supports these objectives is discussed later. 

 
The course focuses on 3 major learning themes: 

1. Facts and concepts about oceanography 
a. ocean basins 
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b. atmosphere and climate 
c. waves  and beaches 
d. life in the ocean and world fisheries 

2. Science process 

3. Implications for society 

The strategies for attaining these goals are diagrammed in Figure 1. These include 1) the 

acquisition of factual knowledge through reading, online homework assignments, and lecture, 2) 

support for learning higher level skills through writing and reviewing science papers, and 3) 

exploring some of the implications for society. An extensive body of learning research (Prain, 

2006; Bazerman et. al., 2005; Wallace et. al., 2004), and our own personal experience as 

scientists, leads us to place a high value on writing to increase student understanding of both 

science process and content. The writing assignments focus on the development of 

argumentation skills that use Earth data. Students are guided and motivated to achieve these 

goals through the use of online tools that automatically grade homework assignments, enable on-

demand course grade calculation, and online writing that supports the "calibrated peer review" 

methodology (Russel and Wegner, 1998; CPRTM Home Page, 2002;  Heise et. al.,  2002; Cervato 

et. al., 2004).  

 
Figure 1. Diagram of strategies for achieving the goals of UCSB Oceanography.  
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The EarthEd Software 
The course goals described above are supported by a course management system that has 

evolved over a period of 10 years (Prothero, 2005). It supports the course goals by providing a 

secure interface for students to enter homework answers, compute their grades, access the course 

assignment descriptions, acquire Earth data, and engage in the online writing and peer review 

activities. It differs from commercial course management systems in its extensive support for 

online writing and its integration with viewers for Earth and ocean data. In addition, the 

generation of data representations (images) and incorporation of images into the writing 

assignments (both data generated and student drawings) is robustly supported. The online writing 

module supports both online grading by the instructor or teaching assistants and a modified 

version of the calibrated peer review method (Cervato et. al., 2004; CPRTM Home page, 2002). 

 

The writing assignments are created, handed in, and graded within the EarthEd environment. The 

student collects images of data plots or maps (e.g., earthquake epicenter plots or sea surface 

temperature maps), which are stored in the student's network storage area on the EarthEd server. 

These are linked, with captions, to words or phrases within the text of the paper, similar to links 

on a web page.  The paper may then be printed if desired, and/or submitted online by clicking a 

button. After the assignment is submitted , it is accessible by the peer review system, or the 

instructor and teaching assistant(s). Figure 2 shows two screen images of the writing interface. 

The panel on the left shows the text with a linked figure displayed. The panel on the right of 

Figure 2 shows the commenting interface, where the reviewer adds comments to the paper. 

Comments are entered by dragging them from a list of stored comments, or entered manually in 

a text box. Scores are assigned with a similar panel. 

 

The writing software allows the assignment to be divided into sections, e.g., Abstract, 

Introduction, Methods, etc. The score sheet allows the assignment of scores to rubrik items 

applicable to a particular paper section, and for items applicable to the overall paper. All 

specifications for the assignment are configurable by the instructor. 
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The online writing system has made writing assignments much easier to manage. It solves a 

paper handling problem and leaves a permanent record of commenting and grading practices. 

Manual scoring by the instructor or TA is supported, but requires a significant amount of time, 

which limits the number of writing assignments. Manual scoring has other shortcomings. In 

particular, the teaching assistants had difficulty articulating to students why a paper was assigned 

a specific grade (Takao et.al., 2002). The grades posted by teaching assistants sometimes 

differed significantly from a grade the professor would have given (Takao et.al., 2002). The 

calibrated peer review method was implemented with the goal of mitigating these shortcomings. 

It has the potential of improving student learning while at the same time reducing workload for 

the instructor and teaching assistants. 

 

Peer Review Writing Assignments 
As scientists, we know the value of peer review. Reading the writing of others helps us improve 

our own writing. As teachers, we also know the challenges we face in explaining the difference 

between a good paper and a mediocre paper. The best tactic is often to let the student read a good 

paper and try to figure out the differences for him/herself.  

 

Figure 2. EarthEd Writer screens. The figure on the left shows a student paper with a linked image displayed. 
The figure on the right shows what a TA or peer reviewer would see when grading the paper. The comment 
box is open and a comment is being dragged onto the paper text. The "Rubric" tab displays the score sheet, 
where item grades are assigned. 
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During the Winter quarter of 2005, EarthEd was modified to allow students to review each 

others' papers according to the calibrated peer review method. With this method, students score 3 

instructor prepared papers, 3 of their peers' papers and their own paper. The following outline 

describes the elements of a peer review writing assignment, as implemented in the EarthEd 

software: 

Elements of the assignment: 
1. The assignment description; 
2. A scoring rubric (score sheet) that students will use to score papers; 
3. Three reference (or "calibration") papers, scored by the instructor; 
4. Other resources, instructions, etc. that students need to complete the assignment; 
5. For data intensive explorations, a list of links or resources to allow acquisition of data or 

data representations; 
 

To do the assignment, the student: 
1. Writes paper using EarthEd screen or writing in Word and paste into EarthEd; 
2. Hands in paper before the due date/time (click the "hand in button"); 
3. Begins review of reference papers 24hrs after the hand-in due date. (Students are 

prompted if their average item grade for a paper section differs from the instructor set 
value by more than a preset range, and are allowed to revise their scores) ; 

4. Reviews 3 peer papers (randomly assigned and anonymous) ; 
5. Reviews own paper; 

The paper grade is computed from: 
1. Peer grades (3) weighted by each reviewer's root mean square variation from the 

reference paper item scores; 
2. Prof or TA grade if student requests it. This grade overrides the peer grade; 

A grade is also given for the quality of the student's reviews. It is based on: 
1. Difference between grade given peers and final grade each peer received; 
2. Difference between final grade for own paper and score for own paper; 
3. Root mean square deviation of reference paper scores relative to "correct" scores; 
*  All weights and point settings can be configured by the instructor; 

 
The system encourages students to score their peers carefully because they get points for the 

quality of their reviews. It also reduces the effect of students who do a sloppy job of grading. 

This will show up in errors in their reference paper score sheet item grades, thereby down-

weighting the effect on their review on peers' grade.  

 
The effective use of the peer review method requires some care. The instructor must identify 

measurable outcomes from the assignment and be able to embody those outcomes in a score 

sheet that the students can use without being writing experts. We suspect that a greater number 
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of shorter assignments is preferable to a few longer ones. Shorter assignments allow the student 

to see how much their writing is improving and it also makes the peer review process more 

manageable for them.  

 

The design of the assignment description and its relationship to the score sheet is also critical. If 

the score sheet is available to students before the assignment is due, they will tend to treat it like 

a prescription and the assignment may lose its inquiry value. However, if the assignment 

description is not sufficiently detailed, students may feel that they were not provided with 

enough direction. For the plate tectonics assignment, the score sheet items were made more 

explicit than the score sheet used for assignments given in previous sessions (manually graded). 

For example, the TA graded score sheet had the item: "Multiple data sources are used, when 

appropriate, to identify geological features." The assignment item for the peer review version 

was changed to: "Multiple data sources are used, when appropriate, to identify geological 

features. Elevation, earthquake and volcano data should be used for region A, and elevation, 

age, and earthquake data should be used for region B." The score sheet was even more explicit 

for the monsoon assignment, specifying each data type that should be used. The individual 

instructor is, of course, free to provide students with the score sheet at any time. 

 

The final letter grade is assigned after the peer grading is completed and a raw score is computed 

for each paper. Each raw score is converted to a numeric score that corresponds to a letter grade, 

where A= 100-90, B=80-90, C=70-80, D=60-70, and F=0-60. This conversion is necessary 

because each of the score sheets is unique to its corresponding writing assignment, so a raw 

score may not correspond to the appropriate letter grade. The raw score range for each letter 

grade value is determined by the instructor, who reads selected papers that have received a range 

of raw scores. A’s and B’s are assigned to papers that use the data to support their arguments. An 

A grade paper must use multiple sources of data effectively to support the findings. B papers use 

data, but their arguments are weaker. C and lower grades are assigned to book report papers 

where data are not used. These criteria are embodied in the description of the assignment.  A 

more detailed description of how the instruction of science argumentation is framed is given in a 

following section.  
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In addition to the writing assignment grades, all assignment scores are stored in letter grade 

equivalent ranges. This has the advantage of allowing a student to compute his/her course grade 

at any time. 

  

Implementation 
The first implementation of calibrated peer review assignments was during Winter quarter, 2005. 

There were four writing assignments. For a normal writing assignment, where papers are handed 

in and graded by TA's or the instructor, the grading of even two writing assignments is very 

burdensome. However, the efficiency and effectiveness of the method allowed 4 writing 

assignments without exceeding acceptable teaching assistant workload limits. The topics were 

(see http://earthednet.org/EEDMaterials/Index.htm for details): 

1. Plate tectonics: study the plate boundary at two locations. One was a subduction zone and 

the other was a spreading center. 

2. Indian Monsoon: use pressure, temperature, wind, and rainfall data to show the important 

driving processes for the Indian Monsoon. 

3. Earth's Climate: discuss the major factors influencing the Earth's climate, discuss the 

paleoclimate and historical climate records, climate change scenarios, and recommend a 

climate policy.  

4. World Fisheries: discuss the Pew Ocean Commission report ("America's Living Oceans, 

Charting a Course for Sea Change,") recommendations, contrary views, and develop a 

policy position for the sustainability of the world's fisheries.  
 

Preparing students for the writing assignments 
A sequence of preparatory activities is required to insure students' success with the writing 

assignments. In this course, we think of the writing assignment as a "capstone" to each of the 

course themes. Issues that need to be addressed are: 

1. Understanding the topic, relevant theories and processes (lecture, reading, online 

homework); 

2. Understanding the data, data limitations, and meaning of the data representations or plots 

(lecture demonstration, lab session); 
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3. Comfort with the EarthEd software system (lecture demonstration, use in lab section, 

online help and printed instructions); 

To further complicate the matter, personal discussions and questions raised by students indicate 

that many come into the course with an expectation that they will be given a detailed procedure 

to follow for their writing assignments. This may be a result of increasing emphasis on education 

standards and testing that promotes a focus on content memorization for quizzes (Cutler, 2007). 

Some students resist an expectation that they first develop content understanding and that they 

engage in some exploration and struggle with the meaning of the data prior to beginning their 

writing. So, it is desirable to explicitly address this issue, at least for the first writing assignment. 

Students should be informed early on that they need to first understand the topic, then figure out, 

based on their understanding, which data are important and how they can be used to support a 

model or theory. This is a marked contrast to a book report type assignment where students 

review the theory without attempting to support it with Earth data. 

 

The beginning assignment is introduced at a somewhat leisurely pace to allow students to fully 

familiarize themselves with the EarthEd software system. The schedule for the subsequent 

activities is much tighter, with a writing assignment due about every two weeks.  The 

preparatory activities for each writing assignment address the following: 

1. Learning about the subject by reading the course textbook and attending lectures; 

2. Working homework problems that emphasize the required skills; 

3. Learning how to use the EarthEd software system; 

4. Learning how to use the appropriate data browser and understand the meaning of the data 

and data representations; 
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Each writing assignment is preceded by a lab. The labs consist of weekly 2-hour sessions in a 

room with computers around the periphery and empty tables in the center. This configuration 

supports both computer work and group work at the center tables without the distraction of 

computers. The lab sessions focus on the use of the data viewer, the meaning of the data, and 

group and class discussions about the content of the writing assignment. Each of the lab study 

groups is responsible for a one to two minute presentation of their findings near the end of the 

session. 

 

Helping students learn to construct a scientific argument 
Most students have had little exposure to science writing, so it is necessary to explicitly teach 

them how to put together a science paper and how to construct a scientific argument. The first 

challenge is helping students separate observations from interpretations. This is not trivial, 

because this discrimination is content and context specific. For example, suppose a geologist 

wants to get a rock sample dated to construct a tectonic model. She selects a sample and sends it 

to a dating lab, which puts it in an analyzer that provides the relevant isotope ratios, then returns 

it to the geologist. To the technician at the dating lab, the readings on the mass spectrometer 

chart are the observations and the isotope ratios are the interpretations. To the geologist, the 

isotope ratios are the observations and the dates derived from them are the interpretations. 

Further, the derived dates could be the observations that support a tectonics model. In the 

oceanography class, this problem is solved by explicitly telling students that figures from the 

EarthEd MAP (for the plate tectonics assignment) are observations and that inference about plate 

boundary types are interpretations.  

 

The writing assignments specify the paper sections that are required. For the plate tectonics 

assignment, the following sections are specified: 

• Introduction 
• Methods 
• Observations 
• Interpretations 
• References  
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A more extensive paper might also include an abstract and discussion section.  See 

http://earthednet.org/EEDMaterials/writing_assignments/Index.htm for detailed instructions for 

the first plate tectonics writing assignment.  

 We have also developed a method for helping students construct a scientific argument. 

Kelly and Chen (2000) isolated a number of "rhetorical levels," which were then translated into a 

somewhat more student-friendly language. These levels consist of six categories of sentences 

(each addressing a specific issue in a science argument) that must be used by students in their 

papers. These are: 

1. Sentence includes an observation, or description of an observation (e.g., a topographic 
profile or earthquake epicenter plot). 

2. Sentence names or classifies an observation in terms of geological features (e.g., a series 
of profiles identifies a "trench"). 

3. Sentence describes a feature that has been observed and classified, or that the author 
implies has been observed and classified (e.g., a trench extends xx Km in a north/south 
direction). 

4. Sentence describes relationships between different observed and classified features (e.g., 
the line of volcanoes is parallel to the trench). 

5. Sentence describes or explains a model or theory (this would be the familiar plate 
boundary cartoons showing a convergent boundary with a subducting plate or a divergent 
boundary at a mid-ocean ridge). 

6. Sentence describes relationships between and/or observed features that match (or 
disagree with) model features (e.g., the topographic trench, parallel line of volcanoes, and 
descending pattern of quakes is consistent with the theory explained in item 5). 

 

During lecture time, students read two brief sample papers and attempt to categorize sentences in 

these samples according to the previous list. One of the papers uses Earth data to support the 

theory of plate tectonics and the other is more of a book report where the theory is stated without 

data. A paper with a great number of statements in categories 4 and 5, and with few in the other 

categories indicates a paper that resembles a book report and has a weak scientific argument. A 

class discussion follows. The activity can be found at: 

http://earthednet.org/EEDMaterials/writing_assignments/Making_a_Scientific_Arg.htm.  

 

Prof. S. Thomas at Baldwin Wallace College has used the "Our Dynamic Planet" CDROM (Our 

Dynamic Planet, 2005) to support science writing in an introductory geology class.  She requires 

students to count, in their paper, the number of each of the sentence types listed above, and finds 

that it results in better papers (Thomas, 2004). 
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The Data Viewers: 
The data for the assignments are available through EarthEd and "Our Dynamic Planet" CDROM, 

which is integrated into the EarthEd system, the IRI/LDEO Climate Data Library, and various 

other data sources (http://earthednet.org/EED_Online/Content/DataIndex.html) available on the 

web.  

 

EarthEd supports seamless capture and upload of data images for inclusion in student writing.  

Figure 3 is a screen shot of the "Our Dynamic Planet" module index, which shows the available 

functions. This module contains a 30 minute animated lecture on plate tectonics (created by Prof. 

Tanya Atwater), a profile game (to help learners visualize elevation profiles), a geography game, 

and the MAP module that displays the Earth data. 

 

Figure 3. Index screen of "Our Dynamic Planet." The CD contains a complete package of materials to help the 
learner understand the principles of plate tectonics and acquire the data that support investigations of plate 
boundaries and processes. 

Information 
appears when 
the mouse is 
over an item. 

Geography 
game. Test 
yourself for 
some extra 
credit. 

MAP: access  
and display 
earth data. 

Profile Game: 
learn to 
visualize 3-D 
Earth 
structures 
using elevation 
profiles. 

Virtual lecture: 
watch a video 
that explains 
the theory of 
plate tectonics. 

Do this First! 
Learn basic 
operations for 
this software. 

Return to 
Office in 
EarthEd 
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Figure 4 shows the MAP module where data are plotted, captured, and uploaded to the student's 

graphics library. When the "Our Dynamic Planet" CDROM is used in stand-alone mode, the 

graphic images are saved to the student's local hard drive where they can be edited, printed, or 

imported to a word processor. Data types that are supported are elevation (ETOPO5 DEM), 

earthquake hypocenters, which can be plotted in map and cross-section views 

(http://earthquake.usgs.gov/regional/neic/), seafloor age, volcanoes, island ages, and heat flow. 

With these data, it is possible to determine the difference between the three major plate boundary 

types, study seafloor spreading rates, and hot spots. Several high-resolution digital elevation 

maps are included for the East Pacific Rise and Mid-Atlantic Ridge. A wealth of data is available 

from IRI/LDEO Climate Data Library (http://iridl.ldeo.columbia.edu/). Unfortunately, this data 

site is meant for researchers and the user interface is a challenge for general education students. 

However, it is possible to create web pages that link directly to the specific data representations 

(e.g., http://earthednet.org/EED_Online/Content/DataIndex.html). 
 

Once your have magnified the 
map, click to set the center of the 
map in the display window. 

Capture an image. Click here, then 
"drag a rectangle" to store a 
portion of the screen in your 
personal graphics directory. 

Latitude and longitude of where 
you click is shown here. 

Help dropdown menu.  

Back to the index. 

Roll-over help appears here as you 
move the mouse over the buttons 
on the screen. 

Figure 4. MAP screen of “Our Dynamic Planet”, where earthquake, elevation, seafloor age, and other data are 
displayed. 
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The Global Ocean Data Viewer (GLODV) shown in Figure 5 accesses and displays data from 

the World Ocean Atlas, 1998, and selected data from the IRI/LDEO Climate Data Library. 

It was created using a combination of the ESRI computation engine and Macromedia Director. 

The project was a trial collaborative project between W. Prothero and New Media Studio 

(http://www.tnms.org/).  

 
The current GLODV allows the student to select map or cross section plots of ocean data for 

display. When monthly or seasonal data are selected, the display can be animated so that 

temporal changes can be viewed easily. The data display window can be captured and uploaded 

to the student’s personal graphics library. 

 

The World Ocean Atlas-98 data are climatology data. This means that it is averaged over many 

years. For monthly data, the average is over the same month, for many years. The averages are 

available for monthly, seasonal and yearly time ranges. This kind of data is very good for 

studying overall global patterns, but not good for studying a specific year (e.g. El Nino years). 

 

The GLODV viewer has been expanded to access selected data from the IRI/LDEO Climate 

Data Library. The PMEL ferret data library 

Figure 5. Global Ocean Data Viewer. This viewer displays Ocean Atlas 98 data in map and section view. 
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(http://ferret.pmel.noaa.gov/NVODS/servlets/dataset) is another library that can provide data 

images for GLODV. Interfaces to these massive online libraries will be accessible in future 

versions of GLODV. 
 

In addition to the data viewers built into the EarthEd system, students can access data from other 

data provider sites using their web browser. The URL’s to the recommended sites are listed in a 

summary web page (http://earthednet.org/EED_Online/Content/DataIndex.html). The complex 

URL’s that link to specific data types are incorporated into the index to make it easy for students 

to access the appropriate data representation. For example, Figure 6 shows a screen image of a 

global vector wind plot, where students can easily select the time periods that they want and 

copy the images to their clipboard for the EarthEd upload process. 

 
The data resources for the assignments on Climate and World Fisheries are from the web pages 

of various government agencies (NASA, NOAA, EPA, National Academy of Sciences, etc.). The 

World Fisheries assignment was also supported by web links to publicly available web sites 

(Monterey Bay Aquarium, National Fisheries Institute, etc.).  

 

Results from implementation of peer review 

Figure 6. Wind vector plot from the IRI/LDEO Climate Data Library. This plot was accessed from the 
Oceanography data links web page (http://earthednet.org/EED_Online/Content/DataIndex.html). 
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The first implementation of the EarthEd version of the calibrated peer review method was during 

the Winter, 2005 UCSB oceanography class (the full text and data links for the writing 

assignments can be found online at: http://earthednet.org/EEDMaterials/Index.htm). For each 

student, a “raw” grade is computed using the procedures already specified. After all of the paper 

grades are computed, the grades are adjusted to a final “curved” grade. Criteria for selecting the 

curve were discussed in a previous section. Figure 7 shows a plot of the curved score distribution 

for the plate tectonics writing assignment. Each student's detailed grade items are listed in the 

"Student's assignment info:" text field. An important question to ask is whether peer grading, for 

any paper, is accurate enough to use for assigning a grade to the paper. To provide a fail-safe 

mechanism to ensure that students feel treated fairly, any student may request a TA to grade 

his/her paper for any reason. We also identify papers where the peer grades differ by more than 

10% from the student’s grade for her/his own paper, and grade them by hand without a student 

request. The left plot of Figure 8 shows the distribution of the difference between peer assigned 

grades and grades students gave their own paper. On the right of Figure 8, the distribution is for 

the difference between the peer assigned grade and teacher assigned grade, for the 21 papers that 

Figure 7. Report screen showing curved grade distribution for plate tectonics peer review 
assignment. 
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were graded by a TA or the instructor (all papers were peer graded). The EarthEd software 

makes these plots so the instructor can quickly identify papers that need to be graded by the TA 

or instructor. 

 

Figure 8 shows that 41 students scored their own paper within 5% of the peer assigned score. 19 

scored it greater than 5% higher than the peer and 19 scored it more than 5% lower. Papers with 

greater than 10% difference were selected and graded by the TA and/or the teacher without a 

student request. The right plot of Figure 8 shows that 9 papers were scored by the TA within 5% 

of the peer grade, while 8 were scored more than 5% higher and 4 were scored more than 5% 

lower. The consistency between the student's own review score, the peer review score, and the 

teacher score indicate that the score differences between peer grades and TA or teacher grades 

will be less than 10% for most papers. Colleagues in the writing program at UCSB have 

Figure 8. Distribution of differences between raw peer assigned scores and author assigned scores(left) and 
difference between teacher and peer assigned scores(right). The teaching assistants graded 21 out of the 61 
papers that were submitted. These were selected after the peer grades were computed. 
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expressed the opinion that this is a high level of score reliability for a writing assignment 

(Bazerman, pers comm.).  A 10% variation in raw score translates to one grade level or less in 

the final curved score for the grade cutoffs used for this assignment. 

 
Students were asked how the writing assignments affected their learning. One of the questions, 

posed in an online survey near the end of the course, was:  

 
"Compared to a normal writing assignment where the paper is handed in on 
paper, graded by a teacher or TA, then returned, do you think the calibrated peer 
review system helps you learn the subject matter better? (comments welcome)" 

 
• “Learned more” responses: 25 
• “About the same” responses: 8 
• “Learned less” responses: 8 
• “Completely ineffective” responses : 11 

 

The responses were not anonymous, but students seemed quite willing to give negative 

comments about other aspects of the course and feedback was solicited regularly, so we think 

that the feedback is fairly representative of student opinion. Some of the positive comments 

were: 

"Even though EarthEd has it’s (sic) problems, providing a universal piece of software that 
allows for multi-content access at home, and provides a standard for accessing/grading/doing 
assignments, cannot be surpassed. 
 
More classes need to be software supported such as this one." 
 
"It's a great format." 
 
"It's nice to have immediate content with peer reviews, as well as being able to compare the 
paper to the rubric on hand." 
 

Typical negative comments were: 

"What would have helped more is an outline from you telling us how to write a science paper on 
each of the subjects." 
 
"Complete waste of time." 
 
"Most of my peers' papers that I have read were not what you wanted and seemed to talk about 
things that weren't relivent (sic) to the course." 
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"My peers do not know how to write as well as my TAs" 
 

Some of the comments indicated that students may have interpreted the question to be asking 

whether they learned from their peers' papers, rather than from the peer review system as a 

whole. In an effort to find out more about students who rated the peer review method as 

"completely ineffective," their assignment grades and other feedback responses were examined. 

These students received final course grades of D (1), C (4), and B (6). All but one did not do the 

last paper assignment. Two of the students had A's for all 3 of their papers, but did not do the last 

assignment. Most of the negative comments asserted that the grading methods were unfair or had 

a complaint about the way the assignment was posed (from too vague to too restrictive). Three 

were critical of the EarthEd software, complaining that it was not Word, didn't have a spell check 

or was difficult to learn and use.  

 

For a few students, there was some justification for software complaints. They were exposed to a 

new version of EarthEd and (unfortunately) a few good students who did their homework early 

were adversely affected by several bugs. Bugs were quickly fixed (often within hours) and 

distributed to students through an automatic update system. Class announcements and email 

messages invited students who felt their grade for a writing assignment was unfair to ask for a 

TA grade, so apparently the students who thought peer review grading was unfair did not choose 

to take advantage of this option. There were complaints that assignments were not completely 

spelled out. One student was very critical that the score sheet was not made public prior to the 

assignment due date. Another criticized the existence of a score sheet and preferred to just write 

everything he knew about a subject, to get a higher grade. This underscores the importance of 

carefully wording the assignment description so that it embodies the score sheet, without 

providing a "plug and chug" roadmap for the assignment. This issue was consciously addressed 

when creating the assignments, but not specifically addressed in class until students questioned 

why they could not see the score sheet prior to the assignment. 

 

While student feedback is important in increasing student satisfaction, it must be interpreted 

carefully (see: “What Value are Student Evaluations”, 

http://www.isu.edu/ctl/facultydev/extras/student-evals.html; Sacks, 1996). The course has a wide 
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variety of student majors and abilities. At one extreme, the science and engineering students 

easily work the homework problems while others have trouble with simple unit conversions and 

time/distance computations. Therefore, it is not surprising that some students would learn more 

than others. In addition, several students indicated that they had covered most of the material in 

their high school oceanography course. 

 

Student performance 

The writing assignments evolved over a number of years. Each year (the author taught the course 

once per year), changes were informed by studies of student writing (Kelly et.al., 2003; Takao 

et.al., 2003; Kelly et.al., 2002; Takao et. al., 2002; Kelly et. al., 2000), direct communications 

between students and the instructor, and careful reading of student comments on course 

evaluations. Because the assignments were being modified as this information was interpreted, 

the introduction of the calibrated peer review system was not conducted with the careful controls 

that allow it to be unambiguously evaluated for its effect on student learning. However, the 

literature provides copious evidence that learning is improved through writing activities (Prain, 

2006; Bazerman et. al., 2005; Wallace et. al., 2004).  Therefore it is reasonable to expect that 

students who were successful with the writing assignments gained a more in-depth knowledge of 

the subject because of the writing assignments. Furthermore, it is reasonable to expect that the 

calibrated peer review method, which requires that students review and score several papers, 

including model papers written by the instructor, would improve learning as well as writing 

skills.  The following discussion is intended to provide qualitative observations of student 

performance and determine whether selected performance measures are at least consistent with 

the expected outcome of increased learning.  

 

One measure of success of an assignment is whether students achieved the goals set for the 

assignment by the instructor. Table 1 lists the percentage of students who received B or above, 

and C or above for each writing assignment. The assignments are listed in the order in which 

they were assigned. The percentages are based on curved scores, which provide an adjustment 

for variations in the scoring system for each paper. It is possible that a bias toward higher scores 

occurred during the course (because the instructor chose the curve). Grade cutoffs were chosen 

by the instructor, who read a selection of papers with various raw scores, and judged the overall 
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quality of the paper relative to specific overall assignment goals (see the discussion under: “Peer 

Review Writing Assignments”). The table below shows that scores increased during the quarter. 

This increase in scores is consistent with a hypothesis that students are learning to write better 

papers during the course. 

 

Assignment % receiving B or better % receiving C or better 

Plate Tectonics 63% 80% 

Monsoon 57% 82% 

Climate 70% 87% 

World Fisheries 80% 91% 
Table 1. Comparison of student grades for the four writing assignments. The assignments are listed in the order in 
which they were assigned. 
 

Next we compare the final exam performance during past years of the course to see if a change 

can be observed when the peer review assignments were introduced. An identical final exam 

consisting of 111 multiple choice questions was given for Winter 2004, Spring 2004, and  

Winter 2005. The final exam was constructed before the peer review system was implemented, 

so questions were not purposely targeted at the peer review papers and the coverage of each of 

the writing assignment topics was quite variable. For example, the plate tectonics questions 

apply more specifically to the plate tectonics writing assignment than the Indian Monsoon 

questions, which mostly address the general topic of atmospheric circulation. Another caveat is 

that multiple choice exams do not address the same skills and understanding level that a writing 

exercise does (Bloom, 1956), so success in answering multiple choice problems is not expected 

to accurately reflect the totality of learning that occurs as a result of the writing activities. 

However, Pelaez (2002) did find that the calibrated peer review method increased students’ 

ability to answer multiple-choice questions in a physiology course.  

 

The Winter 2004 and Spring 2004 sessions were taught by the same instructor (W. Prothero), 

with the same assignments, although the number of students was different. This session had 

approximately the same demographics as the other sessions. Changes were made in the Winter 

2005 course to make room for the peer review assignments, but the amount of class and lab time 

devoted to each topic was unchanged. The plate tectonics and climate writing assignments were 
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given in previous years, but were modified to fit into the peer review framework, which required 

that the assignment be narrowed to fit a more student-friendly scoring rubric. The number of 

lectures and lab meetings spent each topic was the same for the three sessions. Table 2 shows 

how assignments for the three sessions compared. 

 

Course  Winter 2004 Spring 2004 Winter 2005 
Writing Assignments Plate Tectonics 

Climate 
Plate Tectonics 
Climate 

Plate Tectonics 
Monsoon 
Climate 
World Fisheries 

Auto Graded Homework 
(online) 

Weekly Weekly Weekly, but shortened 
somewhat 

Thought Questions 
(online) 

Weekly Weekly none 

Extra credit practice 
quizzes (online) 

Weekly Weekly Weekly 

Lab Sessions Weekly Weekly Weekly 
Questions of the Day 
(delivered in lecture) 

Regularly Regularly Regularly 

Final Exam Yes Yes Yes 
Table 2. Comparison table of assignments for the 3 course versions. The calibrated peer review method was 
introduced in the Winter 2005 session. The main change for the Winter 2005 session was the elimination of the 
online thought questions and shortened online homework assignments. 
 

In Winter 2005, the peer review assignments were added, the weekly thought question 

assignment was eliminated and the number of weekly homework problems was reduced.  

 

Table 3 summarizes the results. The final exam consisted of 111 questions of which 57 were 

assigned to specific paper topics. The number of questions assigned to each topic is shown in 

parentheses in the headings of table 3, with the summary of the final exam scores and the scores 

for questions in categories relating to each writing assignment.The percentage scores are the 

average class score for each question category. The most dramatic change occurs in the plate 

tectonics assignment, where scores jumped from the 58-60% range to 73%. This is also the 

category where the most instruction was provided to students and where the final exam questions 

most directly address the plate tectonics subject matter. The climate assignment for the first two 

comparison course sessions was much more open-ended than the peer review version of the 

assignment of the Winter 2005 session. 

 
Course # 

students 
All 
questions 

Plate 
Tectonics 

Monsoon 
(11) 

Climate 
(17) 

Fisheries 
(6) 

Other (57) 
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(111) (20) 
Winter 2004 20 60% 58% 58% 67% 49% 60% 
Spring 2004 55 61% 60% 60% 60% 50% 62% 
Winter 2005 
(with peer 
review) 

74 63% 73% 63% 65% 59% 60% 

Table 3. Summary of final exam scores for the 3 course versions being compared. The questions have also been 
categorized according to the subject treated in the assigned papers for Winter 2005. Each column heading shows the 
number of questions in the corresponding category, in parentheses. 
 

Table 4 summarizes the results of a 2-tailed t test. The values are the probability that the 

differences in average scores occurred due to random variation. A low number indicates a higher 

probability that there is a real difference in the mean scores.  
Comparison All questions Plate Tectonics Monsoon Climate Fisheries Other 
W2004 to S2004 0.80 0.74 0.61 0.35 0.98 0.63 
W2004 to W2005  0.22 0.02 0.47 0.74 0.56 0.95 
S2004 to W2005 0.29 0.02 0.67 0.52 0.56 0.52 
Table 4. A two-tailed t-test comparing scores from table 3 for selected final exam questions for the 3 versions of the 
course. The first row compares the first two versions of the course with identical assignments and the last two rows 
compare the courses to the one with peer review assignments. .The values are the probability that the population 
mean of each of the score subsets is from random distributions with the same population mean. W2005 is the 
version of the course that implemented the peer review method 
  

Overall Scores: The Winter 2004 and Spring 2004 courses had very close averages, with the 

winter 2005 version up by 2 to 3%. The probability values in Table 3 for "All Questions" shows 

a weak indication of a change in the peer review version of the course.  

Plate Tectonics Scores: This category shows the greatest improvement, and the probability 

values computed with the t test are significant at the 98% level. This was the topic of the first 

writing assignment. The supporting homework and lab activities had been refined over a number 

of years and the first instructions on how to write a science paper used plate tectonics examples. 

The change in performance could be due to 1) the peer review method or 2) a change in the 

writing assignment. Previously, students wrote about the plate tectonics of a specific country that 

they represented. The peer review writing assignment required the analysis of two specified 

geographical regions, so was narrower in scope.  

Monsoon Scores: The monsoon paper was only assigned in the peer review session of the 

course. It apparently had no effect on the final exam questions. However, there was only one 

question specifically related to the Indian Monsoon and most of the other questions were more 

generally about atmospheric circulation and wind patterns.  

Climate: This subject was covered rather extensively in all sessions of the course. There were 17 
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questions about the climate on the final exam. The second writing assignment in the two non- 

peer review course sessions was on climate and was much more open-ended than the peer review 

version. The results of the t test indicate no significant difference between performance on 

climate questions for the three course sessions. 

World Fisheries: This assignment focused on policy issues raised by the Pew Ocean 

Commissions report on the world fisheries 

(http://earthednet.org/EEDMaterials/writing_assignments/FisheriesCPR.htm). The t test shows 

no significant difference between the 3 course sessions. The final exam had no questions on 

policy. This assignment had no effect final exam questions about processes that affect the world 

fisheries. 

 

Conclusions and Summary Comments 
The use of Earth data and writing assignments in a general education oceanography course has 

been discussed. In the most recent session of the course the calibrated peer review method was 

implemented. The performance of students on the assignments was excellent, with 80% of the 

students achieving B or better for the last writing assignment. Both the overall writing 

assignment grades and consistency of the peer reviews indicate that most of the students are 

successful at learning to formulate and critique scientific arguments. Student feedback is mixed. 

Comparisons of final exam scores shows that scores for the plate tectonics questions have 

significantly improved due to changes to the plate tectonics writing assignment.   
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There is an enormous logistical advantage with the peer review method. It is the reduced load on 

the teacher who must grade the writing assignments. The EarthEd software helps by managing 

the paper submission and return logistics, and implementing an efficient commenting and 

scoring interface. The peer review method reduced teacher grading by 70% to 80%. This allows 

the assignment of writing activities that would otherwise be impossible in a large class. 

 

The importance of a science literate populace to the well-being of our society is unarguable. 

Investigating, writing, and analyzing others' writing is a skill needed for voters to support 

effective environmental and science policies. The best way to learn a skill is to practice it. The 

same applies to science. We have the tools to deliver robust science experiences to our students, 

so the remaining task is to refine them and learn to use them. 
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