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Abstract

Assigning letter grades in a consistent manner to

tests in large classes across semesters is problematic

if absolute grading standards are used. It may be

unreasonable to implement the usual standard setting

approaches recommended for large-scale criterion-

referenced testing due to both time constraints and a

desire to have criteria that appear uniform. However,

percentage-correct grading standards cannot be fairly

applied without adjustment to tests of differing

difficulty. The suggestion is made that linear

equating with an anchor-test design may be an

appropriate procedure for making the adjustment in many

such circumstances. An example using real data is

examined; apparently small differences in test

difficulty are seen to yield large differences in the

grades assigned when scores are put on a common scale.
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Grading Large Classes: An Application of Linear

Equating to Percentage-Correct Grading Decisions

Objectives

A relative or norm-referenced (NR) approach to

grading is sometimes recommended (Ebel, 1979;

Thorndike & Hagen, 1961); there are also calls for the

use of absolute standards or criterion-referenced (CR)

approaches (Hadley & Vitale, 1985; Kubiszyn & Borich,

1990). If the decision is made to use CR grading, then

standards must be established. It would make sense to

have possibly different standards for each test and to

use one or more of the recommended methods available

to set the criteria (Mills & Melican, 1988; Livingston

& Zieky, 1989). However, many teachers and

institutions seem to prefer, or are at least more

familiar with, percentage-correct standards.

Regardless of the grading system, it is necessary to

make every effort to ensure that the grading is both

fair and reliable.

It is often neither possible nor desirable to use

identical tests each time a course is offered for
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reasons of test security, evolving curricula, and

instructional differences. Nevertheless, it is often

the case that a subset of the items are the same, or

can be made the same, as in tests for students in

previous courses. The common items make it possible to

use one group of students as a norming group and to put

the scores of more recent groups of students on a

common scale with this previous group. Differences in

the difficulty levels of the two tests and in the

achievement of the two groups are adjusted by the

equating. Such a method of grading is a compromise

between purely NR and CR techniques and is based on

methods commonly used in large-scale achievement

testing where, for instance, several forms of a test

must be put on a common scale to permit comparisons

between students taking these different forms.

An Example with Real Data

Data was obtained from both Winter, 1989 and

Spring, 1990 final examinations of an introductory

social science course (multiple-sections) at a

midwestern university. Each examination had 75

four-option multiple-choice items. There were 23

common items and 52 unique items on the tests. The
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Winter course had 597 students take the final

examination and the Spring course had 609 students take

a different (but for the common 23 items) 75-item

examination. The tests were machine-scored and a

common-item Tucker equating was performed (Kolen &

Brennan, 1987) using the micro-computer software

LEQUATE (Waldron, 1988) with an internal anchor-test

design. The Spring examinations were put on the scale

of the Winter examinations, both graded using

percentage-correct criteria. The Winter examination

was judged to be a suitable norming group since the

test difficulty and percentage-correct grading

standards resulted in an acceptable distribution of

letter grades for this course.

Results

Both the Winter and Spring terms used two forms

(A, B) of a final examination with identical items in

different orders to reduce cheating. The Winter

examination forms were alternately distributed to the

students; differences between the mean scores of the

two forms were non-significant (t4=58.40, t=57.50,

t=1.86, df=595, p=0.063). Similar results were seen in

the Spring with two differently-ordered forms
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(14=58.94, /1,3=59.20, t=-0.51, df=607, p=0.611). No

equating was deemed necessary across forms A and B of

either test, so the data were pooled within both the

Winter and Spring courses. A recent paper by Dorans &

Lawrence (1990) suggests a method of determining

whether an equating under these circumstances is

warranted. The procedure was implemented with this

data and confirmed the decision that no equating was

necessary between forms for either Winter or Spring.

The difference between the mean scores of the

Winter and Spring examinations (p6=57.96, gs=59.07) was

statistically significant (t=-3.14, df=1204, p =0.002),

though only about one point. The mean scores on the 23

common items (15.90 and 15.83, respectively) indicate

that the two groups of students may have had similar

levels of achievement and that the unique items on the

Spring test may have been slightly easier than the

unique items on the Winter test.

The reliabilities (KR-20) for the two Winter forms

were both 0.721; for the two Spring forms, the values

were 0.742 and 0.762. Grades were calculated for the

Spring class using both equated and unequated scores

using the following fixed percentage-correct grading

6

7



categories of:

A= 93-100% A-=90-92% B+=87-89% B =83-86%

B-=80-82% C+=77-79% C =73-76% C-=70-72%

D+=67-69% D =63-66% D-=60-62% F =0-59%.

Since the Spring examination was approximately one

point easier than the Winter examination, equated

Spring scores were sometimes lower than the unequated

Spring scores (Table 1). The slope of the equating

insert Table 1 about here

line was 0.934 and the intercept was 2.691. The

equating used a synthetic population with equal weights

(0.5, 0.5) for the Spring and Winter (Kolen & Brennan,

1987). A similar equating resulted from using weights

of 0.0 and 1.0 (slope=0.934, intercept=2.700). When

the grading standards were applied to both the equated

Spring scores and the unequated Spring scores, 288

(47.29%) out of the 609 unequated grades were lowered

one grading category using equated scores (Table 2).

insert Table 2 about here
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If mean letter grades are calculated (using the

scale: F=0, D-=1, D=2,..., A-=10, A=11) then the mean

Winter grade was a C+ (6.00) while the mean unequated

Spring letter grade was B-/C+ (6.51). The mean equated

Spring grade, however, was the same C+ (6.01) as in the

Winter.

Conclusion and Significance

Since the mean unequated scores of the students

or, equivalently, the mean difficulties of the items

were somewhat similar from Winter to Spring, it was

surprising that the grades of so many students (47.29%)

would be affected. Certainly the number and closeness

of the grading categories was a factor. Nevertheless,

if the data we present is rather typical, and we have

no reason to believe otherwise, then it would be wise

to use scaled scores for grading decisions to allow

only intentioned differences in test difficulty to

affect grading decisions.

An additional advantage of this method of grading

is the ability to detect changes in student achievement

over time. Since even 'absolute' grades tend to be

relative in the sense that similar grading

distributions are seen at institutions with widely
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differing student admissions policies (Aiken,1972), it

is likely that faculty adjust their standards to the

ability level of their students. While such

adjustments may well be desirable, when they are made

unconsciously it is impossible to detect how

achievement is impacted by changes in admissions

policies, varying attention to prerequisites, the

effect of remediation programs, the use of graduate

assistants, text and/or curriculum changes, and so on.

If scores on examinations are equated or scaled to a

reference group, then differences in achievement over

time may be observed.

A final advantage of this method of grading is

seen when absolute standards are used and a particular

test proves to be unusually, perhaps unacceptably, easy

or difficult. With an equating methodology, it is

possible to avoid the difficult decision to either use

an arbitrary adjustment or to give a disproportionate

number of high or low grades.
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Table 1
Equating Table for Spring Scores to the Winter Scale

Raw Score Equated Score Raw Score Equated Score

00 02.69 38 38.17
01 03.63 39 39.11
02 04.56 40 40.04
03 05.49 41 40.97
04 06.43 42 41.91
05 07.36 43 42.84
06 08.29 44 43.77
07 09.23 45 44.71
08 10.16 46 45.64
09 11.09 47 46.58
10 12.03 48 47.51
11 12.96 49 48.44
12 13.90 50 49.38
13 14.83 51 50.31
14 15.76 52 51.24
15 16.70 53 52.18
16 17.63 54 53.11
17 18.56 55 54.05
18 19.50 56 54.98
19 20.43 57 55.91
20 21.37 58 56.85
21 22.30 59 57.78
22 23.23 60 58.71
23 24.17 61 59.65
24 25.10 62 60.58
25 26.03 63 61.52
26 26.97 64 62.45
27 27.90 65 63.38
28 28.84 66 64.32
29 29.77 67 65.25
30 30.70 68 66.18
31 31.64 69 67.12
32 32.57 70 68.05
33 33.50 71 68.99
34 34.44 72 69.92
35 35.37 73 70.85
36 36.31 74 71.79
37 37.24 75 72.72
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Table 2
Equated versus Unequated Grades for Spring

Equated Grades Unequated Grades

A A- B+ B B- C+ C C- D+ D D- F

A 1 0 0 0 0 0 0 0 0 0 0 0

A- 3 0 0 0 0 0 0 0 0 0 0 0

B+ 0 24 20 0 0 0 0 0 0 0 0 0

B 0 0 60 42 0 0 0 0 0 0 0 0

B- 0 0 0 89 38 0 0 0 0 0 0 0

C+ 0 0 0 0 41 39 0 0 0 0 0 0

C 0 0 0 0 0 28 72 0 0 0 0 0

C- 0 0 0 0 0 0 30 50 0 0 0 0

D+ 0 0 0 0 0 0 0 0 29 0 0 0

D 0 0 0 0 0 0 0 0 5 12 0 0

D- 0 0 0 0 0 0 0 0 0 8 5 0

F 0 0 0 0 0 0 0 0 0 0 0 13
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