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ABSTRACT

Most educational measurement texts distinguish
between norm-referenced (NR), or relative, methods of assigning
letter grades to objective test scores, and criterion-referenced
(CR), or absolute, methods. Both NR and CR approaches have serious
limitations in typical classroom situations, and neither approach, in
its pure form, may be entirely suitable. An alternative method is
proposed and illustrated with scores from 57 secondary school
students taking a 26-item objectively scored test. The approach
involved using a smoothed or fitted cumulative distribution and a
ratio of standard errors to fix the slope of the line through the
ideal cut-points. This is a modification of the method of C. H. Beuk
(1984) . The rationale for this type of compromise is that it
acknowledges the sample status of both the set of test items and the
group of examinees and shares sampling error equally between NR and
CR methods. The algorithm has been programmed in PASCAL for the
microcomputer. A structured grading method of this sort would allow
teachers of multiple sections or those within the same department to
give somewhat comparable grades to their students if they used
agreed-on NR standards and individual CR standards. This compromise
would be especially useful when an entirely new test is used or an
unfamiliar group of students 'is encountered. (Contains 1 table, 2
figures, and 10 references.) (SLD)
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Objectives

Methods for assigning letter grades to a set of objective test scores would seen to be a soewhat neglected area of technical
concern. Most educational measurement texts distinguish between norm-referenced (NR) or relative methods and domain/criterion- referenced
(CR) or absolute methods, However, both ¥R and CR approaches can be seen to have serious linitations for use in typical classroon situations.
1In a rather conprehensive examination, at a relatively low cognitive level (for example, in mastery learning), and with relatively few
students, absolute Standards such as percentage-correct seem wre appropriate in the semse of yielding interpretable scores (e.g., percent

mastery of the content domain). If there are many students, testing is at a higher cognitive level, and the test is comprised of a less than
conprehensive set of itews, then relative standards (such as z-scores) might seem xore interpretable (e.q., percentile rank in the
population). That is, if the sample of students is large enough to be representative of the population and to yield accurate (percentile)
estimates of each student’s relative position in the population, then WR may be a viable approach to grading. Conversely,.if the content
domain is clearly defined (factual) as opposed to inplied (higher level skills) and the sample of items is large enough to accurately reflect
the content domain and to yield accurate estirates of each student’s score (proportion of items correct), then CR may be an appropriate
grading method.

In a usual classroon situation, there night be 20-60 exaninees with 20-60 test items at a variety of cognitive levels and therefore
neither approach, in its pure form, seers particularly vell-suited. Recognizing these and other factors, Tervilliger (1989) recommends using
(R for some qrading decisions and MR for others.

A conpronise betveen NR and (R Seens both reasonable and consistent with current practice. Consistent, in that many teachers use
absolute standards in the form of percent-correct (sometimes because of school or district policy), but then 'adjust’ the rav scores in a
variety of vays if the distribution of qrades seeas inappropriate or improbable. Indeed, some teachers relying solely on NR grading are quick
to adnit that they also have (R ‘limits’ and will, for example, not avard an 'A’ to any score below a certain percentage-of -items-correct. A
conpronise is reasonable since a valid interpretation of a CR or a MR grade requires knowledge of either the content domain or the population
of students, respectively. The blending of the tvo approaches might better reflect the actual partial knowledge of both the content domain
and population by the typical consuner of the grade. Indeed, qrades are often seen to reflect, to sone extent, both absolute and relative
achievenent.

From the responses of students in my measurement classes, the most popular procedures for adjusting the scores would seea to be
'qapping’ or 'eyeballing’ (Wainer & Schacht, 1978), adding a fixed mumber (or percentage) of points to everyone's score, dropping items, or
sinply naking sure the next test results in grades vith a conpensating distribution. It is somevhat ironic that if both the nean and standard
deviation of a domain-referenced test are adjusted using a linear tramsformation then we have the equivalent of a most prevalent form of nore-
referencing, the z-score. The focus of this paper is on an alternative nethod of adjustment. ‘

Theoretical Pranework and Example with Real Data

Hofstee (1983) has suggested using a cumilative frequency distribution to better see the relationship betveen ¥R and CR
decision-naking. While Bofstee did this in reference to large-scale testing, some of the principles involved apply equally well to the
classroon Situation. Fiqure 1 is an example of a cumulative nusber- correct frequency distribution. The scores are from 57 secondary
students taking a 26-iten objectively-scored test. A score of 15 would be approximately at the 45th percentile. Since there were 5 grading
cateqories: A, B, C, D, P, we can identify the expected outcones by locating points 1-4 using both the absolute standards we have set and our
past qrading practice with this unit of study. That is, if we have observed, over many sections, that 163 of the students received A’s, 238
received B's, 183 received C's, 203 received D's, and 23% received F's, then the ¥R standards may be seen on the vertical axis where the
cumulative proportion of students below each number-correct score is given. If it is felt that 93% or more of the iters must be answered
correctly to receive an A, 85% or more to receive a B, 75% or more to receive a C, and 65% or more to receive a D, then the corresponding
nuxber-correct standards can be seen on the horizontal axis. The intersections of the expected cut-points (1-4) are such that both the MR and
(R expectations are sinultanecusly net if and only if the observed distribution passes through these points. That is, if these intersections
are on the observed cumilative distribution, then we are done; if not, some decision or compromise is necessary. In a sense, the
intersections are points on our best estinate of a population cumulative distribution.

The particular compropise suggested by Hofstee involves setting minimm and naximm acceptable percentages-correct about each
expected (R cut-point and minimum and naxinum acceptable proportions of students in each grading category about each AR cut-point to deternine

E 'lic";pe of a diagonal line through the meeting point. This line is then extended to meet the observed cumlative distribution and the
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Compromise Grading Model

intersection is the compromise.

Beuk (1984) proposed that the oonpromse be obtained by using the ratio of standard deviations of the ratings of a group of judges
as the slope of the diagonal. De Gruijter (1985) uses estimates of the uncertainties concerning both the MR and CR ideals to define a family
of ellipses, selects the tangent ellipse, and uses the abscissa of the intersection as the compromise cut-score.

These procedures all require additional judgments and do not directly take into consideration the notion that, all else being equal,
vith larger nusbers of examinees and fewer items it might be reasonable to depend more heavily upon the MR criteria and vice-versa. That is,
if we have a primarily CR grading philosophy, then we would be concerned that there are a sufficient mmber of items to adequately represent a
clearly identified content domain and to permit accurate estimation of a student’s domain score. If primarily MR, the concern would be to
have a sufficient number of students (representative of the population) in the sample to accurately estimate a student’s percentile ramk. In
a compronise situation, more weight might be given to the more accurate estimation at each decision level.

An additional problen is encountered using the observed cumulative distribution. As the ratio of test length to mumber of students
increases, there will be more and larger gaps or zero frequencies in the frequency distribution and these will be seen as 'flat spots’ in the
cumulative distribution. Due to these random gaps and other sample fluctuations, the need to smooth the observed distribution arises. While
there are a number of smoothing approaches available, the beta-binomial (or negative hyperqgeometric) model has been found to be a most
efficient presmoother for equipercentile equating (Fairbank, 1987) and has also been successfully used to model number-correct achievement
test score data (Duncan, 1974; Keats & Lord, 1962). Lord and Novick (1968) recommend this model for fitting observed distributions of
nmumber-correct scores and provide a theoretical rationale for the model. A convenient algorithm for computing the beta-binomial is available

(Ruyh, 1979).

Yethod

The approach followed was to use a smoothed or fitted cumulative distribution and to use a ratio of standard errors to fix the slope
of the line through the ideal cut-points. This is a medification of Beuk’s method in that his ratio of standard deviations is also a ratio of
standard errors (the same judges are used to provide both standard deviations). It is important to note, however, that there is no variation
in our ideal cut-points; these points may be thought of as being akin to population parameters.

If we conceptually fix a CR standard and the test, then each sample of students or class from our (assumed infinite) population of
students will yield a sample proportion of students at or below this CR standard and this sample proportion may be compared to the
hypothesized (population) proportion. The standard error of such proportions is given by (r,(1-1,)/n)°-® where n is the number of examinees
and 1, is the population proportion or R standard. In exactly the same way, we may imagine a single KR standard (proportion of items
correct=r,) and class or group of students as fixed and compute the standard error of the proportion of items answered correctly,

(7,(1-1,) /k)°-%, as if the k items on our test were a sample from the (assumed infinite) content domain. The compromise is to use the ratio
of these standard errors, [(r,(1-1,,)/n)°-®)/[(%,(1-7,)/k)®-®], as the slope of the line through the ideal points.

The rationale for this type of compromise is that it acknowledges the sample status of both the set of test items and the group of
exaninees and shares the sampling error equally between methods (MR and CR). In particular, the sample of items is given the same credibility
as the sample of students in that the compromise at each decision level departs from the NR and CR standards by the same number of standard
errors.

In practice, standard errors are largely influenced by sample size and this means that when the ratio of number of items to mmber
of examinees is large, the tendency will be for the compromise to rely more heavily on the CR standards. When the ratio is small, the
conpronise will rely more heavily on the NR standards. That is, reliance is placed on both MR and CR standards, but the compromise at each
decision point tends to proportionally favor the standard with the smaller standard error.

In the example, the CR cut-point between a grade of B and C was to be a percentage-correct score of 85%. The standard error of a
proportion of items is (1, (1-7,)/k)°-® where Kk is the number of items on the test or, (0.85#(1-0.85)/26)°-° =0.070. The corresponding
standard error of a proportion of persons below a grade of B is (¥,(1-1,)/n)°-® vhere n is the number of examinees or, (0.39%(1-0.39)/57)°-%
= 0.065. The resulting ratio of 0.065/0.070 = 0,923 would be negated, converted to the number-correct scale, and used as the slope of the
line through point 3, see Pigure 2. Linear interpolation is then used with the smoothed cumulative distribution and the resulting abscissa of
the point of intersection (b) is 18.047. This is the suggested compromise B/C cut-score shown in Piqure 2 for qrading purposes with this test
given the (R and NR parameters. The calculations for the other three cut-points are similar. Note that the slopes are all less than 1 for
this example. This is the result of somewhat greater reliance on the MR standards than on the CR standards in arriving at the compronise
since there were 57 students and 26 test items. The ratio of standard errors, however, is not just the ratio of number of persons to number
of items, but also reflects the expected proportions.

By using a constant times the ratio of standard errors, we could adjust these cut-scores to yield any desired weighting of NR-CR

Q

2

3  BESTCOPY AVAILABLE



Conpronise Grading Nodel

standards, perhaps to better reflect the cognitive level of the majority of the test items. It is interesting to note that setting the
constant (and hence the slope) to a value near zero results in an equipercentile equating of the smoothed observed score distribution to the
"norming qroup’ distribution defined by the ideal points. This would seem to be a reasoned method of relative grading if the ideal points
were derived from data over many sections.

To make the scores more understandable to students and others, it may be desirable to follow the popular practice of presenting the
results as adjusted raw scores or adjusted percentages that can then be compared to the stated standards for letter grade decisions. The
scores, percentages, adjusted scores, and adjusted percentages are shown in Table 1. Letter grades for this example are also shown in Table 1
where the MR letter qrades were calculated using z-scores with cut-scores that reflect the expected percentages of A’s, B's, and so on. The
suggested or conpronise letter qrades are in the last coluan labeled NR/CR. Note how the NR/(R grades nediate the NR and (R grades somewhat
differently at each score level, This procedure is not equivalent to a simple ‘averaging’ of R and CR grades.

For the example data, the mean number-correct score is 15.47, the standard deviation is 4.16, and the reliability (KR-21) is 0.66.
Using a Rolnogorov-Snirnov one sample test of fit, the maximm absolute difference is 0.095. The mull hypothesis (nodel fits the data) is
accepted at p = 0.985. The beta-binonial has successfully fit (conservatively, at a = 0.20) over 95% of real data sets so far investigated
and has fit 100% of the author’s classroom data for the past two years.

The alqorithn has been proqrammed in (standard) Pascal for the IBM microcomputer. There are several additional outputs, the progran
can be run in batch mode or interactively, and there is an accompanying docurent. It is available without cost from the author when the
request is accompanied by a fornatted disk and stamped mailer.

Conclusions and Educational Importance
Grades are important: they are the coin-of-the-realn in education, Many teachers find the task of evaluation difficult and might

velcone a structured method for obtaining, at least, suggested letter grades in those situations where adherence to absolute standards would
result in an unacceptable distribution of letter grades.

Continuing to adjust proportion-correct standards by ad hoc nethods is neither reasoned nor reliable. Structured grading methods
such as this would also pernit teachers of miltiple sections or those within the same department to give somewhat comparable grades to their
students if they used agreed-upon MR standards and individual CR standards that reflect professional judgement about differences in the
difficulties and objectives of their individual tests. The use of a computer to assist in qrading decisions weans that practical and useable
approaches need not be overly simplistic. This conpromise might prove most useful when an entirely new test is used or when an unfaniliar
qroup of students is encountered. When a teacher is obliged to adhere to qrading standards as in the example (93% and above for an 'A'),
giving tests that challenge all students and that reflect higher level cognitive skills becones virtually inpossible without some means of
score adjustment. 'Byeballing’ a set of scores is simply not good grading practice.
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Figure 1 Cumulative distribution of the observed number-correct
raw scores.

1.0 * k * k x

.84 * . 4
0.8 | * » ]

.61 . 3
0.6 | * -

.43 : *_* . 2
0.4 | ~

| 1 ] 1 | 1

0 -~ 5 10 15 20 25
16.9 19.5 22.1 24.2
Observed Number-Correct Raw Scores




Compromise Grading Model

Figure 2 Cumulative distribution of the smoothed number-correct
raw scores.
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Table 1 Example Data With NR, CR, and Compromise Grades

X Preq ¢ Adj. X Adj. ¥ z-score NR CR NR/CR

23 2 88,5 24.81 95.44 1,808 A B 1A
22 3 84.6 24.42 93.91 1.568 A C A
21 2 80.8 23.93 92.05 1.328 A C B
20 2 76.9 23.31 89.66 1.087 A C B
19 6 73.1 22,69 87.27 0.847 B D B
18 2 69.2 22.05 84.80 0.607 B D C
17 8 65.4 20.97 80.67 0.367 B D C
16 6 61.5 19.90 7653 0126 C F C
15 3 57.7 18.87 7257 -0.114 C F D
14 5 53.8 17.87 68.72 -0.35%4 D F D
13 5 50.0 16.86 64.84 -0.594 D F F
12 2 46.2 15.56 59.85 -0.835 F F F
11 2 42.3 14.26 54.86 -1.075 F F F
10 5 38.5 12.97 49.87 -1.315 F F F
9 1 34.6 11.67 44.89 -1.555 F F F
8§ 2 30.8 10.37 39.90 -1.79%¢ F P F
5 1 19.2 06.48 24,94 -2.516 F F F

Note. X is the raw number-correct score; NR/CR is
the compromise grade.
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