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Abstract
When constructed-response items are scored on separate occasions, one issue of interest
is whether the scores assigned in the second context/time are equivalent to those assigned
in the first. Research has demonstrated that the selection of papers at Occasion A (the
rescore design) can have profound effects on the common measures of rescore, the
percent exact agreement and the paired t-test. To be independent of the rescore design,
cross-occasion inference must be based on conditional probabilities (given Xa is the original

score for a response and Xs is the second score, y,, = P(X, =n| X, =m)). The appropriate
null hypothesis is that the conditional probabilities y, on Occasion A are the same as the
conditional probabilities at Occasion B 7, for all values of n and m.

This manuscript examines three other statistics—Cohen’s kappa, quadratically
weighted kappa, and the odds-ratio—under the null hypothesis that the scoring is the

same on Occasion B as it was on Occasion A(y = n). Strictly as a function of the rescore

design, both kappa and quadratically weighted kappa yield expected values that are higher
or lower than computed for the original within-occasion scoring. The odds ratio is shown to
not be affected by the rescore design, but it is unclear how best to apply odds ratios for
assessment of rater association in tables larger than two by two.

Keywords statistics, scoring, constructed response, occasions, rescore design, Cohen’s
kappa, quadratically weighted kappa, null hypothesis, odds ratio, monitoring scoring, trend

scoring
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C. A. McClellan et al. Statistics to Monitor the Quality of CR Scoring

When constructed-response (CR) items are scored on separate occasions, one issue
of interest is whether the scores assigned in the second context/time are sufficiently
similar to those assigned in the first. One example of such a comparison is when CR items
are used in multiple administrations of a test. Here, concern is whether the scores from
raters at Occasion A are comparable to those assigned by raters at Occasion B; do the
raters apply the rubric in a consistent manner? Another example is when scores from an
automated scoring engine are compared to those assigned by human scorers. For
simplicity, we will refer to the first set of scores as Occasion A and the second set as
Occasion B, although, as in the automated scoring example, mode rather than time may be
the key difference between the two sets of scores.

In each of these situations, the usual approach to monitoring is to select a sample of
responses from Occasion A and then have them rescored by Occasion B raters. Usually, the
Occasion A scores are chosen according to some guidelines. For example, an equal number
of responses from each response category may be sampled. Or the number of scores at
each category may be proportional to the overall marginal distribution at Occasion A. We
term the choice of distribution of Occasion A responses the rescore design, which fixes the
distribution of Occasion A scores.

For an M-category CR item, the two sets of scores are arranged into an M x M
contingency table. The usual assumption in analyzing such a table is that it follows a
multinomial sampling distribution. However, in the context of a rescore study, the
Occasion A scores are fixed by the rescore design and the sampling model is no longer
multinomial. Instead, the sample for each score category follows a separate multinomial
distribution, and sampling for the table is the product of these distributions: a product-
multinomial (e.g., Fienberg & Holland, 1970, p. 15). Donoghue et al. (2022) demonstrated
that the sampling model can have profound effects on the common measures of rescore
agreement, the percent exact agreement and the paired t-test (see also Abdalla, 2019).
They showed that even when the null hypothesis of equivalence of the scoring process was
true, the rescore statistic could be higher than, lower than, or the same as the within-

Occasion A value, simply as a function of the rescore design. When the null hypothesis was
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not true, it was possible to choose the rescore sample with effectively zero power to
detect that difference.

The work reported here extends the Donoghue et al. (2022) results to two widely
used statistics, Cohen’s (1960) kappa and (quadratically) weighted kappa (Cohen, 1968).
We also examine the (log) odds ratio and find that it is not sensitive to the rescore design.
Although Donoghue et al. relied on numerical examples, the present text will focus more
on algebraic relations under the null hypothesis that the scoring is invariant across the

occasions.

Within-Occasion Rescore Table
In monitoring scoring within an occasion, it is common to randomly select a sample
of the papers and assign them to a second rater to assess agreement. Usually, the second
rater is randomly chosen with the stipulation that the paper cannot go to the original rater.
In this scenario, individual raters serve the role of Rater 1 for some papers and Rater 2 for
others, making Rater 1 a sample of raters from a pool and Rater 2 another sample from the
same pool. Because of this interchangeability of raters, the within-occasion rescore table is

expected to be symmetric. Table 1 shows a typical rescore table.

Table 1. Example of Within-Occasion Data

Second score at Occasion A

Within-year reliabil.ity/ Score category Score category  Score category Marginal
First score at Occasion A 0 1 5 rate
Score category 0 Joo Joi Jo b
Score category 1 o Ju i I
Score category 2 o o fo Jos
Marginal rate b 1 Jo. 1

Rescore Study

Assume that the distribution of scores for an M-category polytomous item given at

M-1
Occasion A is denoted f (i.e., fo,fl,...,fM_I,ka =1). A set of papers is chosen from the

k=0

ETS RM-23-09 2
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responses at Occasion A to carry forward to Occasion B. This trend set has a distribution of

M-1
scores given at Occasion Aof h (hy,h,,....h,, |, Z h, =1), where the value of h is fixed in the
k=0

rescore design. This differs from monitoring within Occasion A, where the margins of the
table are a random variable.

In general, we cannot assume that h = f. Indeed, there are often reasons to explicitly
select a trend set with a distribution of papers (h) that differs from the original (f). For
example, if an item has few responses in the highest category at Occasion A, and item
responses are chosen for the trend set in the same proportions as the overall item score
distribution, few if any responses in the highest category will be chosen for the trend set.

If, on Occasion B, students perform better on the item and there are more responses in the
highest score category, it will be difficult to detect errors in scoring this category across
occasion, as there is very little data from Occasion A for use in verification. Selecting extra
papers in the most extreme score categories, or choosing a uniform distribution of papers
across score categories, alleviates this concern, but in that case, it is clear that f is not equal

to h.

Conditional and Marginal Probability
Because h may not equal f, cross-occasion inference must be based on conditional,
rather than marginal probabilities. In other words, given that the paper received a score of
1 from Rater 1, what is the probability that it received a score of 1 from Rater 2? If Xz is the

original score for a response and X: is the second score, then the conditional probability we
care about is P(XA2 =n|X, = m) =7.m+ The same quantity at Occasion B (i.e., cross-
occasion) in the rescore will be denoted as P(XB2 =n|X, = m) =1],, - Because they are
invariant and do not depend upon the rescore design, conditional probabilities y,, and 7,

can serve as the basis of valid measures of the across-occasion scoring quality. An

appropriate null hypothesis is that Motm = Voim for all values of n and m.
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Cohen’s (1960) Kappa

Donoghue et al. (2022) showed that the structure of the cross-occasion table can
yield unintuitive results for tests (such as a paired t-test) that the rescore table’s margins
are the same. They also demonstrated that the proportion of exact agreement is affected
by the rescore design. An obvious question at this point is does using an alternative
measure that adjusts for the marginal frequency, such as Cohen’s kappa, encounter the
same problems. Cohen (1960) noted that for items with extreme margins (i.e., very hard or
very easy items), the percent exact agreement pa could be high even in the presence of
chance-level agreement. He introduced kappa to remove the effect of chance

agreement,

P4~ Pc (1)

K=—41—C,

1-pc
where pais the proportion exact agreement as computed from the rescore table, and pcis
the proportion agreement expected due to chance.

Consider a within-occasion rescore two-way table such as Table 2.

Table 2. Example of Within-Occasion Data in Terms of Conditional Probability y

Second score at Occasion A

Within-year reliability/First Marginal
score at Occasion A Score category 1 Score category 0 rate
Score category 1 7/”1f 70uf A
Score category 0 70(1= 1) Yoo (1= ) I=f
Marginal rate f 1-f 1

As noted previously, because of the interchangeability of raters at Occasion A, the

within-occasion table is symmetric. When symmetry is assumed,

7/1\0(1_f)=70\1f (2)

and Table 2 can be rewritten in terms of y, and fonly, as in Table 3.

ETSRM-23-09 4
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Table 3. Example of Within-Occasion Data — Simplified

Within-year reliability/ Second score at Occasion A Marginal
First score at Occasion A Score category 1 Score category 0 rate
Score category 1 Yt (1—7/1|1)f A
Score category 0O (1—7”1 )f 1—f—(1—7m )f 1-f
Marginal rate f 1-f 1

Based on Table 3, we can determine whether the value of ks sensitive to the
rescore design.

The within-occasion value k, is then:

Py~ Pc

K =————

- e 3)

B :71\1f+[1_2f+71\1f}_ 2_(1_f)2

w 2 2 (4)
1-f2=(1-f)
Ty -f
KW_—I—f . (5)

Note that for y,, = ', x,, >0and the agreement seen in the table are no greater than that
expected by chance, while if;/1|1 > f,k, > 0demonstrating that kappa is sensitive to the

rescore design.

Now consider the cross-occasion calculation of Cohen's kappa under the null
hypothesis thatn =y . The formulae to calculate the proportion of scores in each cell for a
trend table are shown in Table 4. These proportions have been reformulated so that

they are in terms of;/m,fand h only, as was done in Table 3.

ETSRM-23-09 5
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Table 4. Across-Occasion Rescore Table Under the Null Hypothesis

Occasion A Occasion B score Marginal
score 1 0 rate
1 Yy (1_71\1)]”
0 (1=7) L 1-n) [l—(l—y )(Lﬂ(l—h) 1-h
1 l_f 11 1—f
Marginal f(l—h)"‘?/m(h_f) 1—2f+fh+7m(f—h)
rate 1-f 1-f

Under the null hypothesis thatz,, = y,,, the population value of pa is:

pAzyhh+{L{1—%J(T%?)}o—h)

_rah (=) + (=) =(f - r,S)](1=1)
by= -7

71\1h(1_f)+(1_2f+71|1f)(1_h)
b= -y

» :71|1h_71|1ﬂ’+1_2f+71\1f—h+2ﬂl_7/1\1]%

(6)

(7)

(8)

(9)

y -y
A:71|1f+7/1|1h_271\1fh+1_2f_h+2fh. (10)
-7

Similarly, the value of pcis

pC:[f(l—h)+7m(h—f)]h+[1—2f+ﬂl+7n(f—h)](l—h) )
1-f 1-f
:fh_fhz+7/1\1h2_71\1fh+1_h_2f+2ﬂl+fh_fh2+71|1f_71\1h_71\1ﬂ1+71|1h2 (12)
Pc - f

:4fh—2ﬂ,2+27/mh2—2yluﬂz+1—h—2f+ymf—7/mh (13)

Pc 1 f
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_ 71\1f+71\1h_271|1]%+1_2f_h+2fh

Py~ Pc -7
5 , (14)
_4ﬂl_2ﬂl +271|1h _271|1ﬂl+1_h_2f+7/1|1f_71|1h
1-f
_71\1f+71\1h_27/1\1ﬂ1+1_2f_h+2ﬂl
Pi—Pc=
= (15)
+_4fh+2ﬂl2 _27/1\1}’2+271|1fh_1+h+2f_71\1f+71|1h
1-f
_ 271\1h_2fh+2ﬂ12 _271\1172
Py=Pc ™= l—f (16)
2h +20° (f -
P (71\1 f) (f 71|1) (17)
1-f
2h(1=h)y, — f
pA _pc — ( lz(f‘ll ) (18)
pA—pC:KWZh(l—h). (19)
The denominator of the rescore k., is
denom=1-p. (20)
_ 4fh_2fh2+271||h2_271\1fh+1_h_2f+7mf_7mh
denom =1- (21)
1-f
_ 1_f_4ﬂl+2ﬂ’2_271\1}12+271|1ﬂl_1+h+2f_71\1f+71\1h
denom = (22)
1-f
denom = _271\1}12 +27/1\1fh_71\1f+71|1h_4fh +2 /1 +h+ f (23)
1-f
_ _27/1|1h2 +271\1ﬂ’_7/1|1f+7/1|1h+2f_4fh+2ﬂ’2 +h-f
denom = (24)

I-f

ETSRM-23-09 7
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_27/1|1h(f_h)_71|1(f_h +2f(l_h)2+(h_f)

denom = -
1-f

om0 =)= (f =)= (f ~h)+2f (1=h) (26)
1-f

denom = (f_h)(zyl\lh_%u _1)+2f(1—h) . (27)

I-f
Therefore, x_is

o = Zh(l_h)(yl\l_f) (28)

T (=) (2mh -y 1) 21 (1-h)

Note that the within-occasionk,, = 711'1—_f yields

. 2h(1=h)(1- f) 09)

C(=n)2rgh -y —1) 27 (1-R)

It is useful to notice thatifh=f, k, =«,.

Equation 29 is hard to develop intuition about, so some numerical examples were

constructed. To make the examples realistic, the constraints y,, >0.5 and y,, > 0.5 were
enforced, indicating that for either score, the probability of assigning the correct score is >0.5.
This yielded valid values of fin the region / €[0.2,0.8] and likewise h €[0.2,0.8] .

Figure 1 shows the results x plotted against «, . The null hypothesis is true, so if x did
not depend on the rescore design, all points would fall along the diagonal. In fact, the majority
of points are above the line, indicating that in most circumstances, «, <k, , which might lead

the researcher to incorrectly conclude there was a problem with the scoring.

ETSRM-23-09 8
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Figure 1. Across-Occasion x . (k_r) Plotted Against Within-Occasion x (k_w)
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Figure 2 contains a much larger number of points and shows the relationship between

the difference in margins for the within-occasion and rescore design eps =h— f and the
difference x, — k., . Relatively few of the plotted points are above 0, and all are less than 0.033.

This indicates that when the null hypothesis is true, the researcher is very unlikely to obtain a

K, value that indicates the scoring is better on Occasion B. On the other hand, the difference

can be quite negative, approaching -0.8 in the worst cases, which would likely be seen as strong
evidence that the scoring at Occasion B departed from that at Occasion A. It should be re-

emphasized that the null is true here(n = ), and the differences are solely a function of the

rescore design.

ETSRM-23-09 9
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Figure 2. Difference x, — k. as a Function of eps =/ — f
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Tables 5, 6, and 7 give concrete examples of cases where the null is true, but «, is the

same as, less than, or greater than «, .

Table 5. lllustration of Across-Occasion Table: Cohen's Kappa for Dichotomous

Item - k¥ = 0.50

Trend-year reliability/ Occasion B score
Occasion A score

Marginal rate
Score category 1 Score category 0

Score category 1 0.72 0.08 0.80
Score category O 0.08 0.12 0.20
Marginal rate 0.80 0.20 0.68

ETSRM-23-09 10



C. A. McClellan et al. Statistics to Monitor the Quality of CR Scoring

Table 6. lllustration of Across-Occasion Table: Cohen's Kappa for Dichotomous

Item - k¥ =0.41

Trend reliability/ Occasion B score Marginal rate
Occasion A score Score category 1 Score category 0
Score category 1 0.81 0.09 0.9
Score category O 0.04 0.06 0.1
Marginal rate 0.85 0.15 0.87

Table 7. lllustration of Across-Occasion Table: Cohen's Kappa for Dichotomous

Item — kK = 0.525

Trend reliability/ Occasion B score Marginal rate
Occasion A score Score category 1  Score category 0
Score category 1 0.63 0.07 0.7
Score category O 0.12 0.18 0.3
Marginal rate 0.75 0.25 0.81

Quadratically Weighted Kappa
Cohen (1968) introduced weighted kappa to account for the possibility that some
disagreements are more important than others. This is certainly the case for the ordered
category scores assigned to CRs, and weighted kappa is used much more frequently than
unweighted kappa as a measure of rating accuracy. To account for this difference, testing

programs that use weighted kappa usually use quadratically weighted kappa, where the weight

is a function of the square of the difference between the two scores: w= (x1 -X, )2.

In the case of dichotomous items, quadratically weighted kappa is equal to regular

kappa. Therefore, in order to investigate the properties of weighted kappa, we must consider

items with at least three categories as in Table 8.

ETSRM-23-09 11
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Table 8. Within-Occasion Rescore Table for Three-Category Iltem

Original score Rescore Margin
0 1 2

0 Yooto Yi0So Va0f0 fo

1 Yoo Yuhi Vi A

2 70\2f2 YinS> Vapts S

Margin fo A /1 1

Note that 271«\1 =1.
k=0

By symmetry of the rescore table:

70\1f1 = 71\of0
70\2f2 = 7/2|0f0 (30)
7/2\1f1 = 71\2f2-

Making these substitutions, it is straightforward to show the column totals are equal to

the row totals.

Weighted Kappa for Within-Occasion Rescore Table

Weighted kappa is given as follows:

K, =1-1= (31)

a. =22 fm, (32
0. =22 1, (i=3) 33)

4. =3 S -i) (34)

ETS RM-23-09 12
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Applying this to the within-occasion rescore table reveals

and

Qow = 71|0fo + 47/2|0fo
Yo+ Vah
4V fs + Vit

9o = Jo s 41015
+fifo+ 11
+4 1, fo + 1o ]

Table 9 shows the rescore table for the three-category item.

Table 9. Across-Occasion Rescore Table Under Null Hypothesis

(35)

(36)

Original score Rescore Margin
0 1 2

0 Yool Y10ho V20M hy

1 Yot Y Yt hy

2 Yophs Yiphy Yaphs h,

Margin 7/0|0h0 + 70\1}21 + 70|2h2 7/1\0}10 + 71\1h1 + 71\2}12 7/2|0ho + 72|1h1 + 72\2]12 1

For simplicity, we select the rescore sample by shifting the only the proportions only in
Score Categories 0 and 1:

hy=f,+0
h=f-0.
h2:f2

(37)

Using the symmetry assumptions from the original within-occasion table yields Table 10.

Table 10. Across-Occasion Rescore Table With Symmetry Assumptions

Original score 0 Res;ore 5 Margin
0 YooSo T V000 Yo v + 7100 YopJo + 7200 fot+o
1 Yofo=Ym®  vuhi—rd Yo ryd h-=6
2 V200 Yo, Vot g
Margin Jo +my, Ji+m Sy +m, 1

ETSRM-23-09 13
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m :5(70\0 _70|1)
Where m, = §(y/1|0 _71\1) (38)

m, :5(72\0 _72\1)-

We note in passing that, for quality scoring, we expect the following:

my, (exact — adjacent for category 0) >0,
m, (adjacent —exact for category 1) <0,

m, (discrepant — adjacent for category 2) < 0.

To compute the weighted kappa for the rescore table, the quadratically weighted proportion of
disagreement qqr is
q., = 70\1fo + 71\05 + 470|2f2 + 47/2\05
+7’1\0f0 _7/0|15+7’1\2f2 _7/2\15 (39)
+47/2\0f0 + 72|1f1

90 =49, t 71\05"' 472|o5_ 70\15_72\15 (40)
Qor =G +0 (41)
b:5(71\0_70\1+72|o_72\1)+372\05 (42)

qcr = f;)f; +f;m0 +4f(‘)f‘2 +4f‘2m0

+So + Jom + [ s+ fomy (43)
+4 1, fo +4fomy + 1y + fim,
Gor =G + Jimy +4 f,m,
+fomy + fom, (44)
+4 f,m, + fm,
9, =9, e (45)
e:(ml+m2)f0+(m0+m2)f1+(m0+m1)f2+3f2m0+3f0m2 (46)

ETSRM-23-09 14



C. A. McClellan et al. Statistics to Monitor the Quality of CR Scoring

m, +m, :5(71\0_71\1)"'5(72\0_7/2\1)
my + M, :5(7/0\0_70\1)+5(72\0_72|1) (47)
my +m, :5(70\0_70\1)+5(7/1\0_7/1|1)

K. :1—% (48)
ko =1-dntD (49)
qCH/ + e

Both b and e only contain terms multiplied by 6, and so whend =0, x, =« .

QCIV qCW +e
+b
K,—K, = Daw ™0 aw (51)
qCW +e qCW

+bq,, — -
_K — an’qCW’ qCW qawch eqaw

K,—K, (52)
ch (ch + e)
K g = Dow =l (53)
ch (ch + e)
Dl (el 9 [ (54)
g, tTe

As was the case for unweighted k', Equation 54 is hard to develop intuition about. Thus,
a large number of data sets were sampled. The Occasion A margin was (0.25, 0.5, 0.25). The
rescore design shifted values between Categories 0 and 1 by the quantity o . For each category,

the probability of agreement y,, was sampled from uniform [0.3, 0.6]. The probability y,,, 7, ,
and y,, were each sampled from a uniform [0.1, 0.3]. The final conditional probability was

computed as one minus the sum of the other two probabilities. Finally, the probabilities were
sorted to ensure that the probability of exact agreement > probability of adjacent agreement 2

probability of discrepant. Then quadratically weighted x and x, were computed. The results
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are presented in Figure 3 for 6 =-0.2,-0.1, 0.1, and 0.2 (6 =0 is not shown because x, = k. in

that case). Negative values of O (the margin proportion of rescore papers shifted from category

1 to category 0) generally resulted in lower values of quadratically weighted x, than x,, while
increasing its value to allocate more papers to ho generally resulted in x. values that were
higher than « .

Figure 3. Across-Occasion x, as a Function of Within-Occasion k', for Varying Rescore Designs

-0.2 -0.1

= 01 0.2

: : : : : : : :
0.1 02 0.3 0.4 0.1 0.2 0.3 04
k_w

Note. Panels are defined by the proportion by which the margin proportion is shifted from
Category 1 to Category 0.

The conclusion from Figure 3 is that the rescore design can affect the value of

quadratically weighted kappa even when the null hypothesis is true.

The Odds Ratio
The odds ratio, or its log, is widely used as a measure of association, especially in
fields such as epidemiology. However, with the exception of its use in the Mantel-Haenszel
procedure for detecting differential item functioning, the measure has not received much
attention in educational research. For a dichotomous variable, such as in Table 1, the odds

X =1 (where P(Xa=1) =f) are given by
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odds(X ,=1) = S . (55)
1-f
The odds ratio () is the conditional odds (Xg = 1| Xa = 1) divided by the conditional odds (Xg =

1|Xa = 0):

— OddS(XB =1|XA :l) _ fll/fm _fllfoo
a= = = . (56)
OddS(XB =11X, :O) o Joo  SroJu

Note that defining the ratio in terms of conditional odds (Xa= 1|Xs = 1) yields the same
quantity:

o= ﬁl /ﬁo — jfllﬁ)o . (57)
Jo/Joo  JroSu

For a 2 x 2 table, once the margins of the table are fixed (i.e., there is one degree of
freedom), it is easy to show that the odds ratio uniquely determines the individual cell

counts.

The scale of the odds ratioa is (0,%0), with an odds ratio of 1 signifying

independence. If the rows or columns of the table are switched, the resulting odds ratio is

1
a'=—. As aresult, the scale of the odds ratio is unwieldy in that it is markedly
a

asymmetric. Therefore, the log of the odds ratio is often used. In the log metric, 0
corresponds to independence, negative values indicate negative association, and positive
values indicate positive association. Switching the rows or columns of the table yields
the same value but with opposite sign.

In the present context, it is useful to consider whether the properties extend to the
rescore case: Is the measure influenced by the marginal frequencies of the rescore table,
h ? Referring back to Table 4, the within-occasion odds ratio is

B 71\1f[1_2f+71|1f]

w (58)
“ (1_7/1\1)f(1_7/1\1)f
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o - 7/1\1[1_2f+71\1f}
’ (1_71\1)2f

(59)

Using the quantities from Table 5, the across-occasions rescore odds ratio is

;/llh{l—[l_ffj(l—y“ )}(1—}:)

o = (60)

r (1—711)h(1—7”)(1@J(1—h)

ar:?’n(l_f_f"‘?/nf) (61)
(1_71|1)(1_71\1)f
o - Y (1_2f";711f) (62)
(1_71\1) S
a =a,. (63)

Thus, we see that the odds-ratio does not depend on the marginal proportions h
selected for the trend rescore.

In the context of measuring agreement, use of the odds ratio is somewhat
controversial. Shoukri (2004, p. 26) asserted that the odds ratio is a measure of
association and therefore not appropriate to measure agreement. Cicchetti and
Feinstein (1990) described the odds ratio as a measure of agreement, although they
pointed out that it is not corrected for chance level agreement. They also pointed out
that observing a single zero cell entry in a 2 x 2 table will give a false picture (falsely good
for f,,=0or f,,= 0, falsely bad for f,,= 0 or f,,=0) of the true level of agreement. However,
Agresti (1984, pp. 15-18) noted that adding 0.5 to the frequency count in each cell in the
table stabilizes both the odds ratio and its estimated standard error. Fienberg and Holland
(1970) provided a more general discussion of handling zero cells in contingency tables. In
summary, it appears that the odds ratio may be a useful measure of rater agreement,

but the issue requires further study.
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Discussion
Donoghue et al. (2022) found that the value of percent exact agreement and t-test
statistics could be affected by the rescore design. Even when the null hypothesis was true

(7m =1,,, for all nand m), the statistics could be larger or smaller than in the within Occasion

A table in Table 1. This substantially limits the utility of the statistics to accurately detect
changes in rating from Occasion A to Occasion B. The goal of this research memorandum was to
extend the findings of Donoghue et al. to other measures, Cohen’s kappa and weighted kappa,
and the odds ratio. It was demonstrated that kappa and quadratically weighted kappa are
sensitive to the rescore design. Under the null hypothesis of no change in the scoring process,
the value of both statistics can be made higher or lower than the value observed for the
original, within-occasion scoring. Seeing a change in the statistic’s value from Occasion A to
Occasion B, it is unclear whether the change is due to the rescore design or due to changes in
the raters’ behavior. The findings in Figures 1 and 2, for example, show that even though the
rating process is unchanged, the rescore design can cause a large decrease in the value of the k¥
statistic from Occasion A to Occasion B. This could result in needless costly retraining and/or
rescoring. Results for weighted kappa indicate that it, too, is subject to these effects and can
lead to erroneous conclusions about the quality of the cross-occasion rating. Given this
sensitivity to the rescore design, these measures cannot be recommended for use in evaluating
rescore data.

It was also found that a well-known property of the odds ratio, its insensitivity to the
marginal distributions, prevents it from being adversely affected by the rescore design.
However, a key liability of the odds ratio, like the chi-squared statistic, is that it is a measure of
association, not agreement. As such, it measures any form of association rather than
agreement, which is the specific form of association of interest (e.g., Cohen, 1968) in rescore
studies.

In this paper, the odds ratio has been developed for 2 x 2 tables. In the context of
studying rater agreement, this corresponds to dichotomously scored items. However, most
CR items are scored in more than two categories. Therefore, an important question is how

odds ratio based methods may be extended to items scored in more than two categories.
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An approach that has been widely used in the literature is based on computing specialized
versions of log-linear models that treat the scores as ordered categories (e.g., Tanner &
Young, 1985). Another common approach involves computing multiple odds ratios from
the data in the M x M cross tabulation of ratings. Agresti (1984, pp. 18-23) gives three
versions of subsetting the data. Each of these schemes asks a somewhat different question
about the data. The ordered nature of the variables restricts the set of comparisons

considered.

Future Directions

A promising direction in the analysis of rescore data is to develop measures that
explicitly condition on Occasion A (row) score. For example, Donoghue and Eckerly (2019)
computed separate statistics within each Occasion A response category. This has the effect of
effectively creating M test statistics, one per response category. They also examined combining
these measures into an omnibus test and obtained very promising results—the statistics had
good Type | error control and were not subject to the wild variations seen for the paired t-test.
Such an approach explicitly accommodates the rescore design and therefore supports valid

statistical inferences about the rescore data.
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