Grading student problem solutions: The challenge of sending a consistent
message
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Grading sends a direct message to students about what is expected in class. However, often there is
a gap between the assigned grade and the goals of the instructor. In an interview study of faculty
teaching calculus-based introductory physics, we verified that this gap exists and identified three
themes that appear to shape grading decisidns desire to see student reasonif®y,a reluctance

to deduct points from a student solution that might be correct,(8nd tendency to project correct
thought processes onto a student solution. When all three themes were expressed by an instructor,
the resulting conflict was resolved by placing the burden of proof on either the instructor or the
student. The weighting of the themes with the burden of proof criterion explains our finding that
although almost all instructors reported telling students to show their reasoning in problem
solutions, about half graded problem solutions in a way that would likely discourage students from
showing this reasoning. @004 American Association of Physics Teachers.
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[. INTRODUCTION ered in the analysis. Assume that the students who wrote
these solutions were from your introductory physics class

It seems obvious that grading practices should reinforcé&nd were familiar with your testing/grading practices.

student learning in a manner that is consistent with instructor

values. No matter what directions, explanations, or examples. BACKGROUND: WHAT MOST INSTRUCTORS

students are given, it is the course grading practices tha{NOW

primarily determines what they do® One area where an o _

important gap has been documented between teaching prac_We will brlefly.summarlze fo_ur areas of.general agreement

tices and instructor values is in the grading of student prob@P0ut the teaching and learning of physics problem solving

lem solutions:* It is probable that this gap arises because oIIh""t provide the underlying rationale for this study.

the existence of another set of hidden values that conflich stydents’ actual problem-solving practices

with those expressed. Examining these values can help in- ) .

structors understand and resolve these conflicts so that stu-Every teacher knows that introductory physics students

dents receive a more consistent message from the class. ©ften solve introductory physics problems using weak
This paper examines the grading practices and values of oblem-solving skills. Indeed, research studies document

sample of 30 physics faculty from an interview based, inthe large qualitative differences between the way experts

: .__(physicist3 and novices (beginning studenis solve
part, on two student solutions selected to reflect a typlcaf roblemss-1° These differences are apparent from the initial

conflict between instructors’ stated goals and grading pracp

. . X ."approach to a problem. Experts determine how the question
tlce.s..The analysis rgveals the factors that guided the gradi Igtes to fundar\)mental pringiples, while students ofteqn try to
decisions, the conflicts that arose among these factors, a

) arbs , termine if it matches an equation from an example prob-
the resolution of these conflicts in ordgr to assign a grade. lem. In the process of obtaining a solution, experts plan and
_The problem and two student solutions used in the intermgonitor their progress in a series of interlinked decisions

view are shown in Fig. 1. To gain a better insight into thehile students tend to fixate on an equation or set of equa-
results discussed in this paper, we suggest that the reader fitgdns and then execute the mathematics. This approach is
assign a numerical grade to the two student solutions. Theometime called “plug and chug.” A well-known symptom
actual scale is not important because only a comparison ajf this behavior is that students often ask the instructor to
the scores on the two solutions for each instructor is considsolve a larger number of problems in class.
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You are whirling a stone tied to the end of a string around
in a vertical circle having a radius of 65 cm. You wish to
whirl the stone fast enough so that when it is released at the
point where the stone is moving directly upward it will rise
to a maximum height of 23 meters above the lowest point
in the circle. In order to do this, what force will you have
to exert on the string when the stone passes through its
lowest point one-quarter turn before release? Assume that
by the time that you have gotten the stone going and it
makes its final turn around the circle, you are holding the
end of the string at a fixed position. Assume also that air
resistance can be neglected. The stone weighs 18 N.
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Fig. 1. Interview problem and the two student solutid®SD and SSE

that students benefit when solving a problem if they explic-
ity express their reasoning in a way similar to that of
experts®913-19nstryctors can encourage students to ex-
press expert-like reasoning by forcing students to fit their
reasoning into a problem-solving framework that emphasizes
the problem-solving procedures of experts. When students
are consistently required to write down their reasoning
within the framework of expert practice, they experience the
repetition useful for learning. Reading these detailed student
explanations also allows the instructor to formulate appropri-
ate feedback.

C. Showing reasoning is an essential element of the
scientific process

Of course, a hallmark of science is the prediction of real
events by a logical, often formal, process of deduction from
a small set of general fundamental principles and specific
initial assumptiong? It is essential that scientific results be
clearly and publicly explained so that they can be criticized
and tested by others. One goal of an introductory physics
course is to accustom students to this culture of scientific
inquiry.?! Problem solving can be employed as a means for
students to practice accurately describing phenomena, as-
sembling the relevant facts and principles, and logically
showing how those facts and principles lead to a specific
result.

D. Grading practices have a significant effect on student
behavior

Every instructor hopes that students will use grading feed-
back to improve their skills. Indeed, several studies have
shown that student behavior in a course is much more likely
to be affected by grading practices than by instructor state-
ments or other action's>*t is not surprising that most stu-
dents choose to trust their practical experience and adjust
their behavior in a manner that will get them a good grade
even if they believe that alternative behavior would result in
better understanding. This tendency of students to focus their
behavior on getting a good grade is sometimes stated as the
zeroth law of education, “if you don’t grade for it, they don’t
learn it.” 2

IIl. DATA COLLECTION AND ANALYSIS

We now briefly describe the interview and the background
of the physics instructors who participated in the interview
and provide an overview of the data analysis.

A. Interview participants

The 30 physics faculty in the sample were approximately

discussed in this paper. Boxes added to the student solutions identify errorévemy divided among four groups based on the type of

The instructors selected for the interview were given the problem to solvq
before the interview. The student solutions were presented and discuss!
during the interview. Both students have the correct numerical answer.

B. Showing reasoning helps students learn and
instructors teach

T:rdstitution??' Community College, Primarily Undergraduate

rivate, Research Oriented State, and Primarily Undergradu-
ate State. The distribution of the sample is shown in Table I.
The sample was randomly selected from a pool of 107 ten-
ured or tenure-track faculty in Minnesota who had taught an
introductory calculus-based physics course within the last
five years and could be visited by an interviewer in a single

Teachers also know that self-explanations can be a poweday trip from the University of Minnesota, Twin Cities

ful learning tool**?
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Table I. Summary of background information for the 30 interview participants.

Range of teaching Range of typical

experience in class size for
Number of Gender Range of introductory introductory
instructors  — teaching calculus-based  calculus-based
Type of institution  interviewed Male Female experience physics physics
Community College 7 6 1 6-35 years 3-29 times 6-75 students
Primarily 9 9 0 6—30 years 1-20 times 10-50 students
Undergraduate
Private
Research Oriented 6 6 0 2-43 years 1-79 times 50-300 students
State
Primarily 8 7 1 4-32 years 2—-60 times 40-140 students
Undergraduate State
B. The interview with students, grading experien@most grading at the large

. . research university is actually done by JAer expectations
Each interview took about one-and-one-half hours t0 Comg¢ 6i students. On the other hand, we might expect similar
plete. A video camera recorded both verbal and visual re

: A scoring because most instructors belong to the “culture of
sponses. We focus here on the part of the interview th g g

: . : hysics,” having had similar experiences as graduate stu-
rel'ates to Instructor gradlng_ of student problem SOlu.t'onSdents in obtaining their Ph.D. from a small group of large
Prior to the interview, each instructor was given the inter-

. bl Fia. 1) and ked t e it research universities.
view problem(Fig. 1) and was asked to solve it. To better understand the reasoning behind the grading de-
During the interview, instructors were first asked to ex-

X . ) . ~""cisions, we analyzed the interview statements of the six re-
plain their purpose for grading student problem solutions

Then th ted with f tudent solut earch university faculty in detail. This sample could be used
en they were presented with Tive student Solulions anfye .4y se the differences among institutions were found to be
asked to assign each solution a sc@a a scale of 0—10

ing that th Ui ; test ai i th smaller than instructor differences within an institution. In
assuming that these solutions were from a test given In thelh yqitioy  the teaching and grading practices of this sample

introductory calculus-based physics course. The instructorg, j yeen previously observed so that some of the inferences
were told to assume that the students who wrote these sol

. - . . . . . Wrawn from the interviews could be checked against instruc-

tions were familiar with their testing/grading practices andy, o tice. In this qualitative analysis, each interview tran-

. . eércript was broken into statements that contained a single idea

gradlng_ of e"’.‘Ch solution. : , . _expressed by the interviewé&The statements made during
The interview problem was given on a final exam in ay,a grading portion of the interview were categorized and

large introductory calculus-based physics class at the Unlveré rrelated to the grading decisions of the six instructors

sity of Minnesota and the student solutions used were basec? '

on student results from that exam. Two of the solutions, stu-

dent solution D(SSD and student solution ESSB, shown |y, RESULTS

in Fig. 1, were the most useful in this phase of the interview.

They were chosen to probe the potential conflict between

valuing reasoning and valuing correctness. To save time duf>- S¢oring student solutions

if‘g the inte_rview_, errors in the student solutions were i_denf[i- Figure 2 shows the scores assigned to these two solutions
fied to the interviewee by boxed comments as shown in Figy,, the 30 instructors. The scoring of each solution differed
1. SSD is a detailed solution, with relatively good commu-greaty among individual instructors, especially on SSE.
nication of the reasoning used in the problem-solving proThese individual differences were greater than those among
cess. It has two mistakes that combine to yield the correGhgiittions. Overall, the instructors were evenly divided be-
numerical answer. SSE also has the correct numerical aeen those who gave SSD a higher grati2 instructors
swer, but with no explanation of the reasoning. Each of they,q those who gave SSE a higher grétinstructors, with
equations that appear on SSE also appear on SSD with, glte\y that graded both solutions equal§yinstructors. The
most, trivial changes. Thus, it is possible that the studeniyerviews of the six research university instructors were then

who wrote SSE could have used the same reasoning as g5y ;ed to determine the reasons behind this scoring diver-

student who wrote SSD. Of course, the student who WrOt%ity.
SSE might have used the correct reasoning or some other

type of reasoning.

B. Interview analysis

C. Data analysis An analysis of the justification of the scoring decisions of

The results reported here are based on two types of datthe six research university instructors resulted in three com-
The first is the scores assigned to the two student solutionson themes(1) Instructors say that they want to see reason-
by each of the 30 instructors. A comparison of these scoremg in student solutions so they can know if a student really
allowed us to determine if they depended significantly on theinderstands(2) Instructors indicate a reluctance to deduct
teaching environment of the instructor. One might expecpoints from a student solution that might be correct as well
scoring differences based on the amount of instructor contaes a duty to deduct points from a student solution that is
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10 — 00 A S you have to give full credit, at least | would give full credit
; to. It [SSH has the right answer. It has elements of the right

9 method. And it doesn’t say anything wrong and it doesn’t say
SSD < SSE -~ / anything stupid.”

8 o .
° On the other hand, because SSD had expressed reasoning

7 A that was incorrect, most instructors used that evidence to

b deduct points. An example of this manifestation of theme 2 is

given here by instructor 2. “The solution D made a few
canceling mistakes. If | spotted those mistakes, then | would
give him, probably | would end up giving him 9 points... And

Student Solution E (SSE) Grade
(8]

4 SSD=SSE here this student would come to me and complain and say
3 ‘look, | got the right answer’ and | would then have to ex-
© Community College o plain to him that he got the right answer, it wasn’t done in
2 Primarily Undergraduate Private the wrong way, but that there were wrong things on his pa-
AResearch Oriented State SSD > SSE per, but nothing really serious.”
17 6 primarily Undergraduate State Theme 3Five of the six instructor¢except for instructor
0 i i , , . i i i i , 1) viewed student solutions in the best possible light. These
0 1 2 3 4 5 6 7 3 9 10 instructors were willing to believe that a student understood
Student Solution D (SSD) Grade the physics, even in cases where the evidence for understand-

ing was, at best, ambiguous. This tendency to assume under-
Fig. 2. Graph showing the relation between the scores assigned to the t"‘@tanding differs from theme 2 where misunderstanding can-
student solution$SSD and SSEby all 30 of the interview participants. The not be proven because of lack of evidence. An example of
straight line represents an equal score for both solutions. . L . —r ’

this theme is given by instructor 2. “This giigtudent B had
in mind exactly what | had in mind, namely we have conser-
vation of energy, so that gives me the velocity, then he sees

clearly incorrect; (3) Instructors tend to project correct at the centrinetal force is mv sauared over R. so havin
thought processes onto a student solution when the studem P d ’ 9

does not explicitly describe his/her thought processes. AI-Ound v squared by conservation of energy, he substitutes in,

most everything that the instructors said in this part of thehe says now its a centripetal force problem, and bang, out

interview reflected one of these themes. comes the answer.” .

Four of the six instructors expressed all three_,- themes an ;/r\:qheesn c?asr?%ﬁlggeasts?:jeiftfgrzsttug:gtsiso?wtg:é;f;: gégfﬁ
g’;’;)dm;tr:g:)%rgr;é( %esrzggnt\?:gn? fdﬁ?fir;?]rcess' :?:fiﬁgerr‘ggsti\:ﬁese instructors expressed all three themes, they frequently
strength of each of _these themes between individual instru(%':ygrrz)izcrfglgv'ms?rzé?é?rlea%%ng'gggaégsg Qfai tl(—)ler?righlgﬁt
tors. Although we discuss only SSD and SSE here, the thre%at there Wz;ls nothing clearly wrong with the solution and

themes dominated the instructors’ discourse on all five of th hat it could be perfecttheme 2, but that there was no

student solutions. explanation to demonstrate that the student really knew what

Theme 1Five of the six instructorgexcept for instructor as going or(theme 1. He resolved the conflict in favor of
2) indicated that seeing reasoning could help them diagnos going ont '
theme 1, leading to a lower grade.

how the student approached the problem. Theme 1 typicall
appeared when denigrating the lack of reasoning on SSE a
applauding the existence of reasoning on SSD. An exampl

of this theme from instructor 6 is the following, “It's hard to  |f all themes were evident in all grading decisions, the
say whether this guySSH is copying formulas out of a actual score assigned must be due to the weight of each
book or thinking, which of course is the problem with thesetheme. A hidden construct that could determine this weight is
types of solutions. | usually would tell people, counsel themthe idea of burden of proof. We define the construct of bur-
away from this type of solution in a class. You know, | would den of proof in the following way: A burden of proof on the
say that this is like a written thing that you're trying to tell instructor means that the instructor needs explicit evidence
the story and you should explain what you're trying to do inthat the student used incorrect knowledge or followed incor-
applying these various things.” rect procedures in order to deduct points. A burden of proof
Theme 2 All instructors appeared to want specific evi- on the student means that there must be explicit evidence
dence of student misunderstanding to justify deductinghat the student used correct knowledge and followed correct
points. This manifestation of theme 2 was especially evidenprocedures in order to get points.
in the grading of SSE. Most of the instructors identified as- For example, all three themes are evident in instructor 5's
pects of SSE that might be incorrect, but indicated a relucdiscussion of scoring SSE. He stated that the student might
tance to deduct points because they could not identify a definot be thinking correctly because little reasoning was given
nite error. An example of this manifestation of theme 2 is(theme ). On the other hand, he stated that he believed that
given by instructor 5: “I mean, this one’sSSH correct.  the student was thinking correctltheme 3 and saw nothing
There’s nothing in here that's wrong?« 2gh[reading from incorrect for which he could deduct poinftheme 2. In
SSH. Yeah, | mean it's not clear what v is, but of course in resolving the conflict, he placed significantly more weight on
the end the equation would become this because at the tahemes 2 and 3 and gave the student full credit. Thus, we
the velocity is zero, so you could get to that. And this one,infer that he placed the burden of proof on the instructor.
again the studerjiSSH doesn't explain where she or he got  In a similar way, each of the other instructors was assigned
this from, but in fact you could get to this by substitution, a direction for burden of proafTable Il). The instructox(in-
mv2/r, theres a 2 there, and then, yeah. So | mean this onestructor 2 with a burden of proof on the students was very

. Inferences
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Table Il. Summary of grades given and orientation toward grading for each  Qur study suggests two natural strategies for an instructor
of the six research university instructors interviewed. to resolve internal grading conflicts in a manner that encour-
ages students to explain their reasonifg). Consistently

gsric?e gsr:dEe Bugfoeor} of plape the burden of proof on the. students_ to demonstrgte
their understanding of the appropriate physics knowledge in
Instructor 1 5.5 4 On students the problem solutions they write; ¢2) Consistently assign a
Instructor 2 9.5 10 On instructor large part of the score to the validity and quality of the stu-
Instructor 3 6.8 92 On instructor dent’s scientific argument that justifies the result of the solu-
Instructor 4 10 7 On |_nstructor tion.
::2::32:2;2 7é5 190 g: I':Ssttrrjgttgrr If the burden of proof were clearly placed on students to

show their reasoning by which the answer was achieved,
student solution OSSD would receive points for the parts
of the problem done correctly, but would not receive full

) _ . ) L credit because of the incorrect physics. Student solution E
consistent in only giving credit based on explicit evidence Of(SSB, on the other hand, would receive a low score because
student understanding, that is, theme 1 was stronger thafere is no explanation of the reasoning.

themes 2 and 3 in the scoring decisions. The other five in- i 4 student solution can be seen as the student’s presenta-
structors had a burden of proof on th_e instructor. They didion of a scientific argument that supports their clameir

not deduct points unless there was evidence that the stude,rgsum, then explicit reasoning is a crucial part of the prob-
didn’t understand or didn't follow directions. Three of these |em solution. Under this type of grading, SSD would receive
instructors(3, 4, and 6|nd|cated“that they had grading PO“‘_ points for having a relatively good argument structure, but
cies that required students to “show their reasoning.” Thisyoyld not receive full credit because some of the physics
policy led them to impose a small penalty on SSE, everygncepts were implemented incorrectly. SSE would receive
though they believed that the student understood the physmgaw, if any, points because no argument structure was
They hoped that this small penalty would lead the student tQ.acent.

;how more reasoning in the future. This policy differs from" |, either of these cases, the students must be clearly in-
instructor 1, who placed the burden of proof on the studentgymed of the criteria of evaluation, given detailed models of
and assigned a significantly lower score to SSE than any o{cceptable problem solutions for each topic that are consis-
the other instructors. tent from topic to topic, and given enough time on examina-
tions to write an acceptable solution.
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