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Overview

This doaument describes some of theinnovdionstha have been introdued in Caveon
Data Forengcs since Octobe 1, 2005 Several technical innovdionshave been made
relating to the modds and algarithms, but there are two innovdionsare especially
appaent to cusomers.

Technical Innovations

Caveon has enhanced its algorithms for estimating IRT modds beyondthetypical
multiple choice format. Themodds are capable of handling hundeds of different
responges to a question, throughstatistical pooling of respone modds. Typically, this
meanstha as open-ended items (such as gridded-in responses) may be processed, usng
appropriate probability estimation techniques.

Caveon has devel opal techniques for estimating item latency aberrance in extremely
speeded test Situations A speeded test inhaently introduces aberrance in theresponses
and new techniques allow for detecting outliersin this condrained environment.

Item Aberrance Analysis

Caveon has enhanced thetest andysis with Data Forendcs to assodate shiftsin the p-
values of individud items with aberrance. This allows for item compromise rates to be
estimated. It also allows thecreation of lists of items tha are mod likely to be
compromised. There are two components to this new andysis. Themog important
component isaglobd, overall view of aberrance effects onitems. Thisandysisis shown
usng a scatter plot similar to Figure 1 and Figure 2.



Figure 1: Sample plot of Aberrance Impactson Items DExam XXX

Aberrance p-Value Comparison for Exam XXX
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Figure 2: Sample plot of Aberrance Impactson ltemsBExam YYY

Aberrance p-Value Comparison for Exam YYY
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Thepink squaesin Figures 1 and 2 showitem p-values for non-aberant test takers. The
blue diamondsand yellow triangles show the p-values for the same itemstha are
assodated with aberant test takers. The blue diamondsrepresent items where the p-
values for aberrant test takers are significantly higher than the p-values for non-aberrant
test takers and, consequently, may be compromised.

Theestimated compromise rate is derived from the nunber of itemsthat are plotted usng
thebluediamonds Theplot for Figure 2 shows a modeately strongaberrance
relationship. Theplots tend to be sinuid shaped, with the blue diamondsconcentrated at
thelower p-valueranges (i.e., themore difficult items) and the yellow triangles
concentrated at theuppe p-valueranges (i.e., theeasier items). Thisis congstent with the
adagetha Q\berrance is getting the hard items right, while missing the easy items.O

A seconday component of theitem aberrance andysisistheavailability of item trend
data. Asarule, these data are made available in the spreadsheets but are not plotted.
However, it is easy to plot these data. Generally, we do not see tempaoral effectsthat are
assodated with theitems, butit does hgppen. An example of thisis shown in Figure 3.

Figure 3: Example of an Item Shift dueto Aberrance
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Theblue diamondsplot the actud p-valuesthat are calculated on weekly numbe's. There
was onechangedeected at end of Octobe 2005where the overal p-valueincreased for
theitem and aberrance appears to be assodated with thisincrease. Thelightbluex@
represent the p-value of theitem for nonaberrant tests. Theyellow triangles represent the
p-value of theitem for aberant tests. At theend of October, the data indicate that this
item may have been subjected to a security breach. The aberant test takers are now doing
much better ontheitem than non-aberant test takers.



Refinements in Collusion Analyses

Caveon has introduced arefinementinitscolluson andysis. Thisisareporting
refinement that isintended to hdp undestand thenaure of collusonand why thetests
are similar. Thisrefinement is notoffered as a standard component of Caveon Data
Forendcs. Indead it isused during interpretation of the daato aid with displaying some
of the more egregiouscases of colluson. However, displays of this naure can be
produced for specific test patterns as requested by clients. Such displays could be useful
in adjudication proceedingswhen score invadidaionsare consdered.

A triplet of testsis shown in Table 1.

Table 1: Example of Collusive Tests
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1| DE 0 0.646 0.086 | DE DE DE
2| C 1 0.983 0.010 | C C C
3B 1 0.841 0.076 | B B B
4 | A 1 0.942 0.029 | A A A
5| AD 1 0.787 0.101 | AD AD AD
6| B 1 0.913 0.053 | B B B
71C 0 0.890 0.063 | C C C
8| D 1 0.861 0.054 | D D D
9| C 1 0.882 0.066 | C C C
10 | A 1 0.784 0.086 | A A A
11 | A 1 0.737 0.112 | A A D
12 | B 0 0.177 0517 | B B D
13 | C 0 0.966 0011 | C C C
14 | B 1 0.616 0.277 | B B B
15 | ABD 1 0.708 0.137 | ABD ABD ABD
16 | BD 0 0.213 0.316 | BD BD BE
17 | B 1 0.668 0.232 | B B B
18 | BC 1 0.848 0.049 | BC BC BC
19 | B 0 0.163 0.566 | B B B
20 | AC 1 0.147 0.250 | AC AC AC
21 | C 1 0.891 0.042 | C C C
22 | B 1 0.996 0.002 | B B B
23 | AD 0 0.063 0.528 | AD AD AD
24 | ACE 1 0.230 0.289 | ACE ACE ACE
25 | AD 1 0.711 0.108 | AD AD AD
26 | D 1 0.978 0.008 | D D D
27 | A 0 0.574 0.193 | A A A
28 | B 1 0.943 0.030 | B B B
29 | AB 1 0.543 0.163 | AB AB AB
30| C 0 0.818 0.100 | C C C




31 | BC 1 0.388 0.293 | BC BC BC
32 | D 1 0.993 0.002 | D D D
33| C 0 0.681 0.159 | C C C
34 | A 1 0.557 0.222 | A A A
35 | ACD 1 0.789 0.049 | ACD ACD ACD
36 | ACE 1 0.233 0.228 | ACE ACE ACE
37 | A 0 0.423 0.318 | A A A
38| B 1 0.892 0.052 | B B B
39 | B 0 0.349 0.363 | B B B
40 | C 1 0.847 0.094 | C C A
41 | A 1 0.765 0.093 | A A A
42 | AB 1 0.518 0.165 | AB AB AB
43 | C 1 0.450 0.389 | C C C
44 | B 0 0.465 0.256 | B D B
45 | E 0 0.284 0.342 | E E E
46 | A 1 0.605 0.161 | A A A
47 | AE 0 0.478 0.118 | AE AE AE
48 | B 0 0.421 0312 | B A B
49 | AC 0 0.744 0.117 | AC AC AC
50 | B 0 0.670 0.164 | B B B
51| CD 0 0.496 0.373 | CD CD CD
52 | CD 1 0.417 0.313 | CD CD CD
53 | A 1 0.910 0.039 | A A A
54| C 1 0.936 0.029 | C C A

Theandysis uses the concept of adominant response. A respong isdominant if more
than hdf thetest takers provided therespons. In Table 1, correct dominant responss are
highlighted usngtan (or bege) andincorrect domnant responses are highlighted usng
gold. There are no nonrdominant responses shown in Table 1. However, probability
andysisindicates tha at least 10 non-dominant responses were expected if thetests were
answered independently.

Figure 4 provides aside-by-side illugration of theobserved and expected agreement
between these three tests.



Figure 4: Observed and Expected Agreement
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Theleft pand in Figure 4 provides the nunber of observed responss, whether they are
dominant correct, dominant incorrect, or nonrdomnant. Therightpand in Figure 4
provides the expected numbers of respongs in each category unde assumptionstha the
tests are indgpendent.

Theprobability of this level of agreement between thetestsis 1 in 106° or 1 million.

The probability space for thedistribution of these testsis shown in Figure 5.




Figure 5: Contour Plot for the Similarity Distribution
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Thebluesquaein Figure 5 represents the observed level of agreement. The orange
diamond represents the expected agreement. The contour lines are at increasing powers
of 100.Thefirst line Bound?2, represents a probability level of .01. Thesecondling
Bound4, represents a probability level of .0001 And so forth, unil thelast lineat Bound
12 represents a probability level of 1in 10*. Theuppe boundis theabsolute limit of the
count and represents 54 which isthe number of items on this exam.



