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R, will be overestimated. In other words, positive correlations between the
errors in the two measurements will make the measurements appear to be
more consistent than they are, thus negatively biasing the index of inconsis-
tency. Stated another way, positively correlated errors will result in errone-
ously attributing greater reliability to the measurements.

To summarize, some violations of the parallel assumptions will result in
negative bias while others will result in positive bias in the estimates of R. In
general, the bias in R is unpredictable. Examples of this unpredictability are
provided in the following illustration.

2.3.3 Example: Reliability of Marijuana Use Questions

To illustrate the estimation methodology, we use data from a large, national
survey on drug use. In this survey, data on past-year marijuana use were col-
lected in the same interview using three different methods. Responses were
recoded to produce three dichotomous measures of past-year marijuana use
denoted by y;, y,, and ys, where 1 denotes use and 0 denotes no use. The fre-
quencies for all possible response patterns are shown in Table 2.5. Although
the sample was drawn by a complex multistage unequal probability design,
simple random sampling will be assumed for the purposes of the illustration.
Cell counts have been weighted and rescaled (see Section 5.3.4 for more detail
on the approach) to the overall sample size, n = 18,271.

The parallel measures assumption can be tested by comparing the three
proportions, Py, Pai+s and p,,;. (Note that we have extended the “+” notation
for two measurements in Section 2.2.2 to three measurements.) If a test of
equality is rejected, the assumption of parallel measures is not supported by
the data; however, failure to reject does not suggest that yi, 2, and y; are paral-
lel. We compute the marginal proportion for y, as py,. as (1181 + 96 + 17 + 15)/
18,269 = 0.072. In the same way, the marginal proportion for y, is p., = 0.084
and for y, it is p,., = 0.084. Although the proportions are all close, p1.. differs
significantly from the other two proportions, and thus the test is rejected,

Table 2.5 Past-Year Marijuana Use for
Three Measures

Y1 ¥2 V3 Count
1 1 1 1,181
1 1 0 96
1 0 1 17
1 0 0 15
0 1 1 113
0 1 0 150
0 0 1 229
0 0 0 16,470
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cating that y, is not parallel compared to y, or y;. However, that y, and y;
parallel cannot be rejected on the basis of this test. Thus, we expect our
imates of reliability on the basis of all three measurements to be somewhat
sed. Nevertheless, we proceed with the estimation of R using all three
asurements.
The estimation of R using (2.27) will be demonstrated with s3 computefl
n (2.34). Note that p; is either 0 (which occurs when y; =y, =3 = 0), 3
hen only one of y;, 2, Or ysis 1), 2 (when only one of yi, y,, Or y3 18 0), or
(when y1=y:=y3= 1). Thus, p,g; can only take on the values 0 or %, the
atter occurring with frequency 620 (=96 +17 + 15+ 113 + 150 + 229). Thus
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To compute 62 from (2.28), we first compute s? using (2.34). We compute

_1x1181+3x(96+17+113)+4x(15+150+229) _, g
= 18,271

~ and thus
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=0.06612

The estimate of o2 from (2.28) is therefore 0.06612+%><0.01131=0.07366,
Combining these results, we find that the estimator of R is

~ 0.01131

=1- =0.8465
0.07364
T
and the index of inconsistency I=0.15. . ‘
e Using the US Census Bureau’s rule of thumb for interpreting thg magni-
1,181 tude of I (i.e,0< 1<02isgood,0.2 < I £0.5 is moderate, and I >0.5 is poor),

96 this result suggests that the average reliability of the three measures of past-

17 year marijuana use is good.

15 We can use the first two columns of Table 2.5 to demonstrate the calcu.la-
13 tions for the case where there are only two measurements. Begin by collapS}ng
150 Table 2.4 over the y; measurement to form a 2 x 2 crossover table having

16 i%?) pu = 0.0699, pyo = 0.0018, po, = 0.0144, and pgo = 0.9140. Thus, g = 0.01615 and

p1.=0.072 and p,; = 0.084. The NDR is 0.072 — 0.084 = —0.012. To test for
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parallel measurements, we compute the standard error as Var(NDR), where

Var(NDR) is as given in (2.48). This yields (0.01615+ 1/18,271)/18,271
cant. However, the size of the NDR is small

20,001, and NDR is highly signifi
relative to pi+ and p.i, SO the departure from parallel measure

important for the purposes of reliability estimation.
The denominator of R is 0.072(1 - 0.084) + 0.084(1 —0.072) = 0.1439. It

follows from (2.37) that R= 1—(0.0161)/(0.144) —0.89, which again indicates
good reliability. To calculate x from (2.42), we first compute po = Pu + poo =
0.984 and then p.=PpuP+ + poPs0 = 0.856. Hence, K= (0.984 - 0.856)/(1 -
0.856) = 0.89, which, as expected, is the same number produced by the calcula-
tion of R.
As previously noted, both estimates of reliability are biased to some extent
because of the failure of the parallel assumptions to hold. The result in (2.58)
suggests that SRV may be biased upward because D% >0 and, consequently,
estimates of R should be biased downward. This may not be true if pr # 0, but

no information on this correlation is available. Because the assumption that
D% =0 is plausible is based on the tes and p..1, We can also
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