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Abstract

A rubric for assessing a formal lab report is presented in the context of reforming a K-12 physics classroom is presented. The underlying rubric structure is described, as are general strategies for introducing both assessment strategies that focus on performance standards and the curriculum changes that occur when using lab reports as a tool to drive physics inquiry.

Introduction

Over the past few years of teaching high school physics, I spent a good deal of energy rethinking how my classroom is structured in order to increase my students’ learning of physics.  I used the traditional lab report as one of the driving forces to make things change. This paper describes the process I went through, the current state of changes, the products I came up with, and the implications for using assessment to drive teaching and learning in a physics class. Lab reports and grading are among the most contextual aspects of teaching and learning physics—the most appropriate system depends to large degree on the students and school—but I think there is much to be learned by taking my approach and applying it to other situations and students.

Problems

A few years ago I identified several problems that I had with the physics course I taught at Lake View High School in Chicago. I had a variety of assignments—some small, like daily homework problems, and some larger, like lab reports and projects. I realized that the big assignments in my class were research and textbook-driven, not experiment driven—I was weighting my students’ ability to do library research and crank through problems far more than their ability to design and conduct experiments and communicate their findings. The labs we did—and I was doing three or four hands-on activities each week—were either flashy demonstrations done by students or cookbook type labs to confirm a result that was mentioned in lecture or reading. The act of doing science was not front and center in my classroom, and I wanted it to be.

My grading criteria were also not clear. Like many districts, our grades are reported as a letter that comes from a number from 0 to 100—90 and above is an A, etc. I found in many cases I just assigned a number fairly arbitrarily to the work that students did, and then had an elaborate formula to merge homework scores, classroom activities, and tests into one number. I was blurring the line between grading for effort and grading for results, and that I couldn’t justify some grades without a lot of hand waving. I wanted a more concrete and robust system.

I also wanted to show parents and students growth over time. Wouldn’t it be great if at a parent-teacher conference I could tell a parent “Here’s the evidence that Keisha has learned how to design and conduct an experiment. This is where she started at the beginning of the year, and this is where she is now.” I was frustrated that demonstrating improvement often meant “Keisha moved from 78% to 86%” with all the abstraction that implied.

I also found that each assignment I treated differently—a different set of criteria and scores for each one. This meant I spent a considerable amount of class time explain different grading procedures instead of physics content and processes, and resulted in unnecessary student confusion. I wanted a system that was uniform enough to be applied to many situations.

Identifying The Process

To address the above concerns, I spent some time talking to colleagues, looking at curricula, reading research, and thinking about assessment systems. The idea supported by researchers and by many curriculum development efforts that inquiry-activities be the cornerstone of my classroom resonated with me, and it became clear to be that to change my class to where I wanted it to go, I should focus on the lab reports. I decided on the following steps.

1. Develop a framework that described what a lab report should look like

2. Couple that framework with a meaningful grading system that focused on clear performance standards.

3. Rethink my curriculum to focus on scientific processes—particularly to design and conduct experiments and communicate scientific information—as much as understanding of scientific content.

4. Position labs as the key tool for moving development of content and understanding forward.

Choosing A Rubric Structure

I knew that my framework for a lab report would involve a rubric. I was impressed with the embedded assessment system in the middle school Issues, Evidence, and You environmental science curriculum developed by the Berkeley Evaluation and Assessment Research (BEAR) center at the University of California-Berkeley, so I used the same structure for my rubrics. That structure is shown on Table 1 (page 13). My rubric would have several “variables” that would correspond to parts of the lab report—the procedure, the data, etc.—though not all variables would be included in every assignment. In my rubric, I wanted an even number of choices to prevent me from “waffling” and choosing the middle value when assessing, and more importantly, I wanted a clear distinction between what the levels mean. Under this structure, a score of “3” is what students should shoot for—it describes performance at the appropriate standard. Using “above and beyond,” “incomplete,” and “incorrect” as the defining terms for the other levels gave me a clear idea of exactly what performance at those levels should look like. I found this better than the more traditional “excellent”, “good”, and “fair” headers, which are defined by their relation to each other and not by the work product of the students. The additional of the “bottom” two values was powerful—the “X” represents a null value, allowing me to use the same rubric for a lab report that might not have certain components, and the “0” value represented a careless omission as opposed to something that was just wrong (“1”).

Choosing Variables and Writing Descriptive Text

Next, I had to choose variables, define them, and write descriptors for each level of performance. I followed a structure that reflected traditional lab reports, the direction towards meaningful engagement of science process skills I wanted my course to go, and differences among students. For each, I wrote some general text that defined the variable, and then a sentence descriptor for each of the four levels. My rubric is shown on page 14. Notice that the descriptor for a score of 4 (“above and beyond”) is intentionally vague—I didn’t want to limit the creativity of my students by describing how they can excel.

Most of the variables are pretty standard lab report components and won’t bring any surprises, but a few bear some additional comments.

The background concepts section was included because I didn’t want my students to stop doing book-and-internet research. While I don’t have lots of confidence that this is a top-notch learning experience for them, it does get a good response from both parents and students who often find it the most traditional and straightforward aspect of the lab report process.

The sample calculations section was my way of getting students to show their work. I didn’t want them to just write down answers, and I wasn’t going to grade a full table of calculations.  Clear text that communicates how the mathematics were performed is hard for students to do—I would comment that this section should read like a math book—and this quickly became one of the more difficult sections for students to complete.

The highest weight is on the table of results—it’s a short section where students write down what they figured out. Most commonly, it’s the result of a curve fit that describes the relationship between the experimental variables—for instance, the relationship between position and clock reading for non-accelerated motion. In my class, we use the curve fitting capabilities of Microsoft Excel to do our basic analysis, and this the rubric is written in terms of R2 values.

In shifting my classroom to be much more experiment-centered, I realized I’d need to deal with sources of errors and uncertainty.  I decided it wasn’t a good use of time to delve into complicated error propagation ideas—and I vacillate on the need to teach with error bars and the like—but getting students to describe parts of their experimental process that have introduced uncertainty into the results was important. I spend three or four days teaching sources of error in the beginning of the year now, and I’m continuing to refine what and how that works.

Using The Rubric In Classroom Assessment

How do I use this rubric to convert to the standard 0 to 100 scale that my school uses? For each laboratory activity, I decided which variables were appropriate and communicated that to my students. For instance, some experiments didn’t have questions associated with them, so I wouldn’t grade that section. (I’d mark an “X”.) For the graded sections, I summed up the total points that would be received from a student who earned straight “3”’s—for a student that handed in a lab report that was complete and correct on every variable. I then mapped this score a letter grade of “B+” at 89%, calculated the possible points from this, and recorded student scores as a percentage. So, for a lab report assignment that had all components, straight “3”’s would be a score of 63, the possible points would be 71, and the grade is recorded as an 89%. For a lab report that didn’t include the analysis questions and the background concepts, the possible points would be 64.

The interpretation to my students was that if you do the right thing, if your work is simply complete and correct, you’ll earn a high B. To earn an A, you’ll need to go above and beyond in some way. While not without flaws, this emerged as a pretty workable solution, and I was impressed how it pushed my students to really extended themselves in order achieve top scores.

Teaching Rubrics To Students

Once I had a rubric and grading system designed, I started thinking about the transition. Using such a rubric wasn’t the norm for my school or my student’s educational experience, and I felt that I’d need to explicitly teach students how it was made and how it’s used. My justification for putting the time into this was that I wanted students to be the primary assessors of their own work, and be able to have “graded” lab reports with their rubric before handing it in.

I decided to spend a few days explicitly teaching students about rubrics and the 1-4 scale at the beginning of the year. I began with something simple and concrete: making observations. I did a series of whiz-bang demonstrations—many borrowed from our chemistry teacher—and had students recording their observations as descriptive sentences. I instructed students to take a sample of about 20 of them, and to divide them up into four groups—one that was “above and beyond,” one “complete and correct,” one “incomplete,” and one “incorrect.” For each group, they were to write and describe the criteria for the objects within that group. Through a class discussion, we came to consensus on language for each level, and put that language on poster-paper. We then proceeded to “pressure-test” our draft rubric by throwing additional observations on it. I gave each student four index cards, numbered one through four, and showed each new observation one at a time on the overhead. Students raised cards like judges at a diving competition, and I kept asking for clarification until the entire class showed the same number. By the end of the class period we had wordsmithed our rubric text a bit, but the entire class could quickly and consistently rate simple sentence observations on a one to four scale.

Teaching Lab Reports To Students

As part of the first week of school introduction to the class and procedures activities, we learned how to make and use a rubric to evaluate a piece of student work. Now, we had to learn to use a lab report to really articulate what we discovered experimentally. The first unit in my physics class became one focused on a single experiment—the classic pendulum lab. This works well because there are many variables at play (length, period, mass, angle) that can all be measured fairly easily, and yet the results are sufficiently complex to encourage considerable discussion. We performed this experiment as a whole class, with the homework each day being to write up one or two sections of the lab report that would accompany this. On the following day, in addition to teaching about the next component, we’d use the rubric to evaluate student samples, again making sure the class could reach consensus on the score that each sample received. This was a long process, but I’m confident that the time spent putting into this up front paid off down the road.

To cap off this introductory unit, students performed experiments to determine the relationship between several variables in situations that they were not familiar with—brightness of light versus distance, magnetic field versus distance, starting height versus first bounce height of a bouncing ball, etc. Probeware is essential here, as it is in any modern high school science lab. The focus was not on the physics behind these scenarios, but how to conduct an experiment and communicate the results. In addition to completing a written lab report individually, each group presented their findings on a whiteboard to the whole class.

Teaching Physics With Formal Lab Reports

From there, I began using such lab reports to develop key concepts. The general flow of my classroom consisted of an exploration of a situation or scenario carefully chosen by me to elicit a key idea of basic physics. Students would investigate, and their lab reports would articulate the general relationship between variables described in that situation, and they would then use those findings to solve problems. For instance, the first content-based laboratory was to investigate the relationship between position and clock reading for an object moving with constant velocity. For general sequencing assistance and laboratory ideas, I borrowed liberally from the excellent work done by the Modeling Method group at Arizona State University and the Constructing Physics Understanding materials developed at San Diego State University, and I’d assign a lab report like this roughly every 10 days to two weeks.

At the beginning of the year, my lab report assignments had lots of scaffolding—the first lab directions sheet includes a data table with variables already identified for students to record their measurements in. Instructions are very explicit. By the middle of the year, however, my students had learned the general approach, and the scaffolding was removed. A short classroom discussion about the variables that were at play in a scenario would transpire, and then I’d set students off to investigate some of the relationships and articulate their findings by writing a lab report. I was very impressed at this growth.

As students took to the process, I could spend my energy on other aspects of my classroom, such as managing the discourse and facilitating student presentations. Getting students to articulate their experimental design and results in front of their peers is a challenge, but getting it to mean something to their audience is something even harder. Since major ideas were learned via these inquiry labs, however, students quickly became interested in what other lab groups were figuring out—it became ammunition to solve their own physics problems. I spent much of my energy guiding these discussions from the sidelines, as the students presenting and the students in the audience went back and forth over what conclusions were appropriate to draw from the data that was collected.

This lab report format was also very helpful for the students who had difficult with physics. I always allowed students to re-do their lab reports, and the rubric presented very clear information about what students needed to do to improve low scores. My grades reflected content and processes learned at a specific standard, not some abstract number.

Implications and Next Steps

I haven’t had the wherewithal to evaluate quantitatively if the changes described above helped my students learn, but plenty of informal evidence tells me that I’m on the right track. Parents and students certainly responded well—students soon realized that producing such a lab report involved a lot of work. By the end of the year, almost all of my students could identify the variables in a system and conduct an experiment that would describe the relationship between them, and then use that as the basis for problems and further content exploration. Scores on the Force Concept Inventory have increased each year I’ve used the above systems.

Grading lab reports was always a lot of work. It took an incredible amount of time to return these back to students in a prompt fashion. By mid-year, students had learned to score their own, and scores were pretty high in general. At the beginning of the year, however, scores were quite low—many students and parents complained that it was too hard and unfair. I “stuck to my guns” and used the rubrics (and the option of a retake) to get scores up, and by mid-year, I not only had the vast majority of my students communicating pretty sophisticated work, but they also knew how to use the rubric to grade things themselves. Since the scoring mechanism set a clear standard for “complete and correct,” I didn’t have any problem with this—it only makes sense that it will take different students different amounts of time to reach the same standard.

And clearly, revisions are always necessary. This year, I’m sure I’ll revisit the language in some of the rubric “boxes” to clarify or expand meanings. I’ll rethink some of the weightings, and some of the actual laboratories, the way every physics teacher does at the onset of a new school year. I made xerox copies of many of my students’ lab reports, and want to use this student work as exemplars even more. Using large lab reports to benchmark key understandings and communicate them to others has done a world of good for the students in my physics class.
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Tables and Figures

	Score
	Meaning

	4
	Above and beyond

	3
	Complete and correct

	2
	Incomplete

	1
	Incorrect

	0
	Not done

	X
	No opportunity to respond


Table 1: Levels of performance for each variable

Insert rubric document here.

