DOCUMENT RESUME

ED 401 312 ™ 025 880

AUTHOR Slater, Sharon C.; Schaeffer, Gary A.

TITLE . Computing Scores for Incomplete GRE General Computer
Adaptive Tests.

PUB DATE Apr 96

NOTE 36p.; Paper presented at the Annual Meeting of the

National Council on Measurement in Education (New
York, NY, April 9-11, 1996).

PUB TYPE : Reports - Evaluative/Feasibility (142)
Speeches/Conference Papers (150)

EDRS PRICE MFO1/PC02 Plus Postage.

DESCRIPTORS *Adaptive Testing; College Students; *Computer
Assisted Testing; Equal Education; Higher Education;
*Psychometrics; Scores; *Scoring; Simulation; Test
Bias; *Test Results; *Timed Tests .

IDENTIFIERS *Graduate Record Examinations; Incomplete Data Sets;
Monitoring

ABSTRACT _

The General Computer Adaptive Test (CAT) of the
Graduate Record Examinations (GRE) includes three operational
sections that are separately timed and scored. A '"nmo score" is
reported if the examinee answers fewer than 80% of the items or if
the examinee does not answer all of the items and leaves the section
before time expires. The 807 threshold was adopted to set a minimum
threshold to result in psychometrically acceptable scores without
penalizing slow test takers. A study was conducted to examine the
impact of possible CAT test-taking (and test completion) strategies
and scoring options with regard to incomplete tests and to consider
the impact of working to the 807 level or beyond it. Actual data for
different completion points were selected from 70,000 GRE CAT
examinees. CAT simulations were also conducted to assess the impact
of different test taking strategies and different ways of scoring
tests when not all items were answered. Data did not indicate that
there is widespread use of the 80% rule as a strategy for deciding
how much of the GRE CAT to complete. Serious psychometric and equity
issues would be raised if examinees began to employ this strategy, so
monitoring of examinee strategies is important. (Contains three
figures and eight tables.) (SLD) '

e s dk dest e e s ok S s Yt S s sk s st e s e e st s S ek st st e e s e sk e sk s b e stk S sk dedes st

Reproductlons supplied by EDRS are the best that can be made
from the or1g1n31 document.

e e de e se e e e e e e e ek e e Yoot e oo Yevest e e ol ale she olo ale wle ale wlo ofo oo wlo oo ol ofe ot ulo ole ol ol ol oo o
i i A S T e A L e R T L A S e S I T i ) ' 9% 3 e Yot Pe sl s se e e s s s s e et s s s e e sl e de st e s e ok



e ———y

COMPUTING SCORES FOR INCOMPLETE GRE GENERAL

ED 401 312

COMPUTER ADAPTIVE TESTS*

U.S. DEPARTMENT OF EDUCATION PERMISSION TO REPRODUCE AND

Officgrof Educational Research and Improvemant
EDYZATIONAL RESOURCES INFORMATION DISSEMINATE THIS MATERIAL
CENTER (ERIC) : HAS BEEN GRANTED BY
This document has been reproduced as
received from the person or organization S /} S‘
originating it. , K/Aﬂ O/U d LWM
O Minor changes have been made to '
improve reproduction quality.
® Points of view or opinions stated in this TO THE EDUCATIONAL RESOURCES
document do not necessarily represent

official OERI position or policy. INFORMATION CENTER (ERIC)

Sharon C. Slater, University of Massachusetts, Amherst

Gary A. Schaeffer, Educational Testing Service

Paper presented as part of the symposium "CATucopia:
Measurement Issues Faced by a Large-Scale Testing Program"
at the annual meeting of the
National Council on Measurement in Education,

New York, New York, April 1996.

* This project was conducted while Sharon Slater was a summer intern at
Educational Testing Service in 1995. The authors acknowledge Craig Mills of
ETS for initiating the project. Marna Golub-Smith, Craig Mills, Judson
Sheridan, and Manfred Steffen, all of ETS, provided thoughtful reviews of
drafts of this paper. The authors also acknowledge the technical expertise
offered by Manfred Steffen and the data processing assistance provided by Tama

do not necessarily represent official Graduate Record Examination Board

Q
K,) Braswell and Marion Horta. Points of view or opinions stated in this report
% position or policy.

AN

2
RECT £~ODPYV AVAII ARSI &




Q

ERIC

Aruitoxt provided by Eic:

Computing Scores for Incomplete GRE General Computer Adaptive Tests
Introduction

The GRE General computer adaptive test (CAT) includes three
operational sections that are separately timed and scored. The GRE CAT
score reporting policy for the verbal, quantitative, and analytical
sections can be summarized as follows:

1. A CAT score for a section is reported if a) the examinee
answers all items in the section, or b) the examinee
answers at least 80% of the items in the section and
section time expires. The score is based on the ability
estimate computed after the last item answered.

2. A No Score is reported if a) the examinee answers fewer
than 80% of the items in the section, or b) the examinee
does not answer all of the items and leaves the section
before time expires.

There were a number of reasons why the 80% threshold was adopted as
opposed to either requiring examinees to answer all items or allowing
examinees to answer as few as one item to get a score. The initial
motivation for not requiring examinees to answer all items was due to
equity. It was believed that examinees who work somewhat more slowly than
others (and therefore would not finish the test in the allocated time)
should be allowed to receive a score. However, some minimum threshold
was required because with maximum likelihood scoring {like that in the GRE
CAT), it would otherwise be possible to get a very high score by answering
as few as one item correct and not answering any other items. Such a
score, of course, would raise insurmountable reliability and validity
issues and would never be reported. Therefore, a threshold was needed
that would result in psychometrically acceptable scores while not
penalizing slow test takers. The final threshold of 80% was selected
because simulation results indicated that 80% length CATs produced scores
that were adequately precise in terms of reliability, conditional standard
errors of measurement, and content representativeness. In addition, based
on linear CBT timing data, it was also believed that almost all examinees
would be able to answer all of the items in the specified time limits.

The 80% threshold, which has been in effect operationally since
November 1993, has raised some concerns. Two of these concerns are a) the
potential use of the 80% threshold as a test-taking strategy for
maximizing scores, and b) not reporting scores for examinees who answer
fewer than 80% of the items. Regarding the first concern, it may be
possible for examinees to use the threshold to their advantage to produce
a positive bias in their estimate of ability. In fact, the question
arises as to why examinees would choose to answer items beyond the
threshold. For example, examinees could pace themselves in order to
devote the maximum amount of time to answering the minimum number of items
required to receive a score. This would maximize the average time spent
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per item. This may result in a positive bias in examinees’ scores, that
is, examinees may receive higher scores if they pace themselves to answer
only 80% of the items than if they had spent less time per item and
answered all items. On the other hand, this strategy would result in
these examinees being administered harder items, and the additional time
per item may not be sufficient for them to correctly answer these
questions. That is, to some degree the CAT may self-correct.

The threshold also can have serious implications for test-takers who
receive a 'No Score’. These examinees may be passed over for admissions
or fellowships because they do not have one or more GRE scores reported.
Or, these examinees may be required to repeat the test if a score is
required for admissions or a fellowship application.

The purpose of this study was to investigate the impact of possible
CAT test-taking strategies and scoring options with regard to incomplete
tests. There is no single best test-taking strategy for every examinee
because examinees do not know the content or difficulty 1level of
subsequent items as they proceed through the CAT. However, there are some
general strategies that examinees may choose to implement. The test-
taking strategies examined in this study include the following:

1. Answer only the minimum number of items required to receive a
score. Examinees may pace themselves in order to maximize the
time spent per item. This assumes that the probability of a
correct response increases as time spent on an item increases.

2. After the minimum number of items have been answered, continue
to answer items until the probability of a correct response to
the next item is perceived to be low. Then, do not answer
that item and let time expire. This strategy may increase the
likelihood of maximizing an examinee’s score.

3. Answer all items. This is the strategy that most examinees
are accustomed to following.

Both actual and simulated CAT data were used to address these strategies.

In an ideal psychometric world, all examinees would have the time
and motivation to answer all items. This would allow for the most
accurate assessment of the abilities being measured by the test. However,
in the real world many examinees do not answer all items. One way of
trying to encourage examinees to answer all items is to employ scoring
rules for incomplete CATs that would encourage examinees to complete the
test. These scoring rules would have the purpose of minimizing or
negating the benefits of employing a strategy to use the 80% rule to their
advantage. They also may penalize examinees who truly work slowly, an
outcome that differs from the intent in establishing the original 80% rule
in the first place.
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Two scoring rules for incomplete CATs were explored in this study
using simulated data. The purpose of these rules is to lower the scores
of examinees who do not finish their test below what they would receive if
the score were based only on the items answered. Because these rules
would be publicized, they would also encourage examinees to complete their
test. In one scoring rule, random right/wrong responses were assigned to
unanswered items. In the other scoring rule, wrong responses were
assigned to unanswered items. The first scoring rule mimics what P&P
examinees may do when section time is about to expire. The second scoring
rule is the same penalty function used in the P&P program. These scoring
rules were applied to simulated cases where responses were imputed from
the 80% point to the end. This allowed for comparing scores at the 80%
point with scores from the ‘completed’ CAT.

Preview of Remainder of Report

The next section will examine data from an analysis sample of actual
CAT examinees. These data will be used to explore how examinees proceed
through the CAT in terms of numbers of items answered, times spent on each
section, and distributions of item times. 1In addition, actual data will
be used to address the issue of using the 80% rule as a test-taking
strategy by looking at the differences in scores between 80% and 100% for
examinees who completed their CAT.

Following that, simulation data will be used to address the
potential impact of the test taking strategies of answering only 80% of
the items and of continuing beyond the 80% point until the answer to
question is not known. Simulated data then addressed the potential
impact of scoring rules where unanswered items are marked either as wrong
or are marked at random. The final section will be a discussion of the
results.

Analysis Sample for Actual CAT Data

The study used data from approximately 70,000 actual GRE CAT

examinees. The actual CAT data were from operational administrations
between November 1993 and June 1995. From this total group, an analysis
sample was chosen that met specified criteria. The purposes of the

analysis sample criteria were to select examinees for whom the test is
most intended and to select examinees who appeared to be trying on the
test. The criteria were as follows:

® U.S. citizen

® English as best language

reason for taking the GRE either a) application for
graduate school, b) application for fellowship, or

c) graduate department requirement

no restarts in their testing session

normally timed session

no cancelled scores

spent at least one-third of total testing time

answered at least one-half of the guestions in the section

3
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Results from Actual CAT Data

Analyses were conducted to examine how examinees were proceeding
through the CAT. First, information about the number of items answered by
examinees was summarized by subgroup (Table 1) and by GRE score level
(Table 2). In Table 1, for each measure most examinees answered all
items, and the vast majority of examinees received scores. There are,
however, more NSs in the analytical measure than in quantitative and
verbal. Note that because of the relatively large NS rate the percent of
examinees answering 27 items is listed for the analytical measure. The
percent answering one less item than the minimum would indicate the extent
to which examinees were almost able to get a score. The proportion
answering 27 items was between 1-2 percent for all subgroups, indicating
that most examinees who did not get an analytical score were more than one
item short of the minimum number of items.

Overall, the subgroups show similar patterns, with the possible
exceptions that a) the proportion of analytical NSs increases as age group
increases, and b) Asian Bmerican test takers answer fewer quantitative and
analytical items than other subgroups. This later finding may be a result
of more difficult items being delivered to Asians because they tend to be
of higher ability and get higher scores.
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In Table 2, for quantitative and analytical, the higher the GRE CAT score
level, the smaller the proportion of examinees who completed all items. Also for
these two measures, larger proportions of examinees at the three highest score
levels (500 and above) answered exactly the minimum number of items to get a
score. Among the possible explanations for this finding are a) because of their
high ability level, these examinees are administered mostly difficult items that
take more time to answer, and b) these examinees are intentionally not finishing
and are using the test-taking strategy to maximize the average time allotted per
item.

In addition to the number of items answered, an examination of
distributions of times spent on the CAT section and on items may shed light on
how examinees proceeded through the CATs. This analysis is tempered by the fact
examinees are administered different items of varying difficulties and order, and
therefore inferences about item times and even section times are tenuous.
Nevertheless, some observations may be useful.

Tables 3 and 4 present summary statistics of times spent per CAT section.
The summary statistics include mean, standard deviation and percent of the total
allotted time as well as the number of examinees. Table 3 shows the CAT section
times by demographic subgroup, and Table 4 shows the CAT section times by score
level. These data show that a larger proportion of CAT section time was spent
on the analytical measure than on the other two measures. In Table 3, the
average time spent per section was similar across subgroups. In Table 4, the
higher the ability level, generally the more time was spent on the section. One
explanation of this is the higher ability levels are administered more difficult
items, and more difficult items take longer to answer. Another possible
explanation is that high ability examinees budget time well and use the strategy
effectively.
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Figures la - 1c present mean item times by item location in the CAT. For
each measure, means are presented for examinees who answered all items and for
examinees who answered exactly 80% of the items. These data are intended to
assist in inferring how examinees proceed through the CAT. The spikes in the
plots representing the largest mean item times are for the first items
administered in sets, where the time spent reading the stimulus is confounded
with the time spent on the first item in the set. Although there is no specified
order of the delivery of item types, there are common patterns. Item times for
the first item beyond the 80% threshold are provided because examinees could
answer the 80% item, and then let time expire while they are on the next item
without answering it. If examinees are using the strategy of answering 80% of
the items and then stopping, then they would spent a relatively large amount of
time on the item at the 80% threshold or the item one beyond. These data also
shed light on the hypothesis that because of time constraints many examinees may
be rushing to complete 80% of the items.

The data for examinees who answered exactly 80% of the items suggest that
examinees generally are not using the strategy of answering 80% of the items and
then letting time expire. The two plots on each figure are fairly parallel.
This suggests that the 80% sample is working more slowly than the 100% sample
throughout the test, and therefore the 80% sample does not seem to be reaching
the 80% point with substantial time remaining and letting time expire. This also
is illustrated at the 80% item and the first item beyond that. With one minor
exception in the quantitative measure, the shortest average item time was always
on the item at the 80% threshold. This suggests that on average these examinees
work slowly and then need to rush at the very end to answer enough items to get
a score.

For examinees who completed the verbal and quantitative sections, the mean
item times were fairly similar throughout the section. For the analytical
section, however, the three shortest mean item times were in item sequence
numbers 32-34. This may indicate that many examinees were rushing to complete
the analytical section, even though they did not need to complete the test to get
a score.

16
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MEAN ITEM TIME BY ITEM POSITION

Figure la
Verbal Mean Item Times (in seconds) by Item Position
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Figure 1c
Analytical Mean Item Times (in seconds) by Item Position
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100% Minus 80% for Complete CATs

A sample of examinees was used to analyze the potential impact of using the
strategy of stopping at the 80% point. That is, this analysis begins to address
the question: What if examinees who completed the CAT had actually stopped at
the 80% point? Examinees in this sample were administered one of two pools in
April and June 1995 and had answered all items in their CAT. Their interim
ability score at the 80% point was computed, and the difference in the final
score and the score at the 80% point was evaluated. These data are presented in
Table 5.

The largest differences were found for analytical, where the mean
differences were about 7-19 points higher at the 80% point than at the end of the
test. This trend was evident at all ability levels. Possible explanations
include a) fatigue toward the end of the test lowered their scores, and Db)
examinees were rushing to finish the test and their haste lowered their scores.
In addition, the potential impact may have been even greater if examinees had
employed the strategy of using all of the allotted section time to answer only
80% of the items because they would have spent more time per item on average and
thus may have performed better.

23
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Table 5
Differences Between Scores at 80% and 100% (80% - 100%)
for Actual Data from Two Pools

24

Verbal Quantitative |r Analytical

Score Level Pool 6 | Pool 8 Pool 6 | Pool 8 Poocl 6 | Pool 8
Mean 0- 4 1 2 7 4
700-800 sD 14 16 15 14 19 21
N 73 94 228 269 229 170
Mean O+ 6 O+ -2 14 14
600-690 SD 15 16 21 19 |[ 27 33
N 307 304 492 576 II 442 390

| | {
Mean I 1 2 1 0- 14 10
500-590 SD 18 18 21 22 30 32
N 823 823 778 712 I} 526 631
Mean “ 4 3 -1 1 “ 19 12
400-490 sD 20 21 22 ZZJ 38 32
N 1072 1085 914 837 616 616
Mean Ir 4 3 [ O+ 1 “ 14 17
300-390 SD " 15 16 20 16 36 39
ﬂl 737 778 612 ~ 670 337 393
_— S " il
Mean -2 1 1 0- " 11 9
200-290 sD 12 16 19 18 " 41 35
N 59 60 154 151 II 161 180
15
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Methods for Simulations

CAT simulations were conducted to assess the potential impact of different
test-taking strategies and of different ways of scoring tests when not all items
were answered. Interim scores as simuless proceeded through the CAT under
various conditions were analyzed. Interim scores were obtained by converting the
item-level ability estimate to the GRE scale. A total of 11 operational CAT
pools were analyzed to provide an indication of the variability in results across
different pools. Results were obtained for a total of 1000 simulees at each
specified true ability level. The ability levels used in these analyses were the
same as those used in the operational simulations. The numbers of ability levels
was 13 for verbal, 11 for quantitative, and 9 for analytical.

First, scores at the end of the CAT were compared with scores that would
result at the 80% point. This provides information on any bias that may be
present in the CAT algorithm that may have an impact on the strategy of stopping
at the 80% point. Second, scores at the 80% point were compared with scores at
the item immediately preceding the first item marked wrong after the 80% point.
This analyses illustrates the benefit of continuing beyond the 80% point until
the examinee reaches an item they cannot answer correctly. Note that a weakness
in these analyses is that the simulations cannot take into account the
relationship between time spent per item and the probability of answering the
item correctly. That is, the algorithm and thus the interim score does not
account for the additional time per item that examinees could spend if they
answer fewer than the total number of items.

CAT simulations also were conducted to assess the impact of implementing
two different scoring rules for incomplete CATs. One rule is to mark all
unanswered items beyond the 80% point as wrong. In the other rule, the
probability of correctly answering each item after the 80% point is set to be
random. These rules would serve to encourage examinees to complete the test and
would provide a score penalty for those not finishing the test.

16
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Results from Simulations

100% Minus 80% for Complete CATs. Simulations for complete CATs were used
to assess the extent of any bias in the CAT algorithm in estimating ability at
the 80% point versus at the end of the test. Mean differences between the final
GRE score and the interim GRE score at the 80% point were computed for the
various ability levels. The results indicated that the mean bias was negligible
(i.e., the absolute value of the mean bias was less than 3 scaled score points)
at virtually all ability levels and pools for each of the measures. However, The
spread of differences indicated that for a very small percentage of simulees the
scores could vary by 100 or more points in either direction between the 80% and
the end of the test.

80+% Minus 80%. Simulation data were used to address the impact of the
potential test-taking strategy of answering 80% of the items and then continuing
only until an item is administered to which the examinee does not know the
correct response. Because the only characteristic of the simulee-item
interaction is the right or wrong response, for this analysis the score at the
80% point was compared with the score at the last consecutive item right after
the 80% point. That is, this analyses assumes that examinees know whether they
will get an item right or wrong, and will not answer any items once they are
administered an item that they know they will get wrong. 1In a practical sense,
this means that examinees, once they are administered an item beyond the 80%
point that they know they will get wrong, do not answer it (or any more items)
and let time expire (so they can get a score). This last consecutive item right
beyond the 80% point will be labelled the 80+% point.

Distributions of the consecutive number of questions answered correctly
beyond the 80% point were computed for each specified ability level for each
pool. The differences across pools were minimal, so results are presented for
all pools combined. The higher ability levels tended to get longer strings of
consecutive right answers after the 80% point. It also can be seen that a large
proportion of low ability simulees got the next item after the 80% point wrong
and therefore for these simulees this strategy collapses to the strategy of
stopping at the 80% point.

Tables 6a - 6c show for each measure and ability level a) the mean number
of items answered correctly beyond the 80% point, b) the percent of simulees who
got at least one item correct beyond the 80% point, ¢) the mean scale score gain
between the point beyond 80% (labelled 80+%) and the 80% point, and d) the
maximum score gain. The patterns were similar for all three measures. The mean
consecutive number correct beyond the 80% point increased with ability level, and
correspondingly the percent answering the next item after the 80% point correctly
also increased with ability level. The mean score gains (80+% - 80%) were
largest in the middle of the ability distribution and were in the 7-9 point
range. The largest maximum score gains using this strategy were around 140-160
points.



Table 6a

VERBAL Consecutive Items Correct Beyond the 80% Point
for Simulees in All Pools Combined*

Percent
Mean Simulees
Number with =2 1
Correct Item Mean Score Maximum
TRUE Beyond Correct Gain Score
THETA | SCALED 80% Beyond 80% (80+% - 80%) Gain
SCORE
I -5.86 220 0.1 12 0.8 40
" -3.36 270 0.4 28 2.0 60 |
-2.34 310 0.7 44 2.6 S0 |
-1.64 350 1.1 S6 4.3 50 |
-1.07 390 1.4 62 6.4 80 ll
-0.59 450 1.6 62 7.6 140
-0.13 500 1.7 63 8.2 140
0.33 5§50 2.0 67 7.8 70
0.80 610 2.3 74 7.8 60
" 1.30 660 2.8 82 8.0 60
1.86 720 3.5 87 7.4 50
2.61 780 4.6 94 5.2 60
4.88 800 5.8 99 0.1 20

* There are 6 items beyond the 80% point.
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Table 6b

QUANTITATIVE Consecutive Items Correct Beyond the 80% Point
for Simulees in All Pools Combined*

Percent
Mean Simulees
Number with 2 1
Correct Item Mean Score Maximum
TRUE Beyond Correct Gain Score
THETA | SCALED 80% beyond 80% | (80+% - 80%) Gain
SCORE
-3.84 200 0.1 11 1.0 70
-2.18 290 0.4 28 4.3 120
-1.38 370 0.7 42 6.9 160
-0.81 440 1.0 51 8.7 140
-0.35 500 1.2 53 8.7 120
0.05 560 1.3 56 8.2 90
0.43 620 1.4 61 7.9 100
0.81 670 1.6 64 7.3 70
1.24 720 1.9 71 6.0 50
1.88 780 2.8 80 3.9 40
3.55 800 4.6 97 0.0+ 20

* There are 5 items beyond the 80% point.
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Table 6c

ANALYTICAL Consecutive Items Correct Beyond the 80% Point
for Simulees in All Pools Combined*

Percent
Mean Simulees
Number with =2 1
Correct Item Mean Score Maximum
TRUE Beyond Correct Gain Score
THETA | SCALED 80% Beyond 80% (80+% - 80%) Gain
| SCORE
-3.98 220 0.3 22 0.6 40
-2.23 280 0.5 32 3.0 150
-1.46 360 0.7 38 5.2 100
-0.86 430 0.9 45 6.5 90
-0.31 510 1.2 53 7.1 90
0.23 570 1.5 60 7.4 80
0.82 640 1.7 65 7.5 70
1.57 730 2.1 71 7.1 70
3.09 800 4.9 89 0.9 30

* There are 7 items beyond the 80% point.
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Mark Wrong Beyond 80%. Table 7 shows the results of the scoring rule where
unanswered items beyond the 80% point are marked wrong. The impact of the
scoring rule is represented as the difference between the score at the 80% point
and the score at the end of the test where all items after the 80% point have
been marked wrong. The final column of the tables shows the average difference
for each ability level across all 11 pools. The mean differences varied across
ability levels. For verbal, the largest mean differences were between around 80-
100 points at the upper half of the score scale. For gquantitative, the largest
mean differences were around 50-55 points and occurred for scores around 400-700.
For analytical, the largest mean differences were around 70 points and occurred
for scores around 500-700.

For all three measures, the standard deviations were rather large. This
is due to the nature of the item selection and scoring algorithms. For each
simulee toward the end of the test, different items generally are selected to be
marked wrong. Because the items have different parameters, different scores
result. Thus, the magnitude of the penalty could be quite different for
examinees at the same true score level.

Mark at Random Beyond 80%. Table 8 shows the results of the scoring rule
where unanswered items beyond the 80% point are marked at random. The impact of
this scoring rule is represented as the difference between the score at the 80%
point and the score at the end of the test where all items after the 80% point
have been at random. To accomplish this, the probability of a correct response
was set at .20 for items in the verbal and analytical measures because they are
all 5-choice items. For the quantitative measure, the probability of a correct
response was set at .225 because half of the items are 4-choice and half are 5-
choice. The final column of the tables shows the average difference for each
ability level across the 11 pools. The mean differences for this rule were
smaller than for the rule where all unanswered items were marked wrong because
some of these items beyond the 80% point were marked correct. As with the rule
marking unanswered items wrong, the mean score differences varied across score
levels, and the standard deviations of the differences were rather large.

213()



¢t 2z 16

‘poutquodo sTood TT 103 o1e S9OUSIDIITP UESW «

= o€ 06 008 =
_F €€ 10T 08L
6 vT 008 = Ve s6 ozL A
Zt 6€ 08L Ve 68 099
9€ zv 008 9T 8¥ ozL = €€ €8 019
8z 69 0€EL 6T zs 0L9 Ve z8 0SS
1€ 69 ov9 €C S 0z9 ZE 9L 00s |
S€ SL LS sz SS 095 8z s9 0S¥
z€ €L 0TS 9z ss 005 vz 0S 06€
62 z9 oEv 9z 1s ov¥ 8T Z€ 0S¢
9z Ly 09¢ €2 8¢ oLE zZ1 8T oTE
0z vz 082 LT €2 062 01 T oLz
6 ¥ 0zz zZt 9 002 8 ¥ 0zz
a41a adia F0DS a41a ad1a FHODS a41a a4d1a FHODS
as NYIW il as NYEW il as NYEW gy
| _ | _
TYOTLATYNY FATIVLIILINGAD TYEaEA
00° = 3091100 SWS3T polamsueun jo A3TTTqeqoxd

+(%00T - %08) $%00T pue %08 U29M39d S9OUDIDIITA SI0DS pPaTedS Ues|

L °1qel

Aruitoxt provided by Eic:

E\.



ve

£t

poutquod stood TT 103 dIe S3DOUSISIITP UL +

LT ot 008
€C 6% otL
Lz Ly ov9
1€ 6% oLsS
6¢C LY 0t1s
Lz 8¢t oEv
ve Lz 09¢t
8T 1T 08¢
6 T- 0zZe
Jd41a J41d Jd9008
as NYERW JNJL
A<UHB>AMM¢

(eAaT3e3T3UEND I0F SCT’

! TeoT3ATRUY
pue TeqisA IOJ 0Z°') wopuey = 3D1IIOD SWIIT parsmsueun jJo A3TTIqeqoad
+(300T - $08) $00T PUe $08 USOM]SF SIDUSISFITQ 910D pa1EDS UEedNW

8 °1qeL

€2
6 L 008
T Lz 08L
8T 1€ ozL
1z €€ oL9
€T €€ 0z9
ve €€ 095
92 ze 00s
9z 8z ovy |
ve 61 OLE =
0z L o6z ||
LT 9- 002
4410 4410 FIODS
o | e | T
AATLYLILNYOO |

Te oL 008
12 6L o8L
ve TL ocL
Zt ¥9 099
1€ 8s 019
1€ 9s 0SS
1€ Zs 00S
Lz 144 osv
(44 ve 06¢€
LT 154 0St
(A" ot 0Tt
Tt 4 oLe
(A" v- oce

J410 Jd41d Jd9008
as Z<mi\\illlWWMWlllL

IVgddIA

O

Aruitoxt provided by Eic:

E



Q

ERIC

Aruitoxt provided by Eic:

Summaxy of Results and Conclusions

This investigation addressed a number of issues related to the 80% rule and
potential test-taking strategies. Although the 80% rule was originally intended
to accommodate test-takers who naturally proceed slowly through the test, the 80%
rule may be used by other test-takers as part of a test-taking strategy where
they would pace themselves and intentionally not answer the last items in the
section. To address the extent to which these kinds of test-taking strategies
are being employed, CAT data from over 72,000 examinees who tested between
November 1993 and May 1995 were used. Simulation data were used to determine the
potential impact of several test-taking strategies and to determine the impact
of imposing penalties to circumvent strategies and encourage examinees to answer
all items. Some of the findings can be summarized as follows:

1. The distributions of the numbers of items answered were similar for ethnic
and gender subgroups (with a few minor exceptions). For this sample of
examinees, the no-score rates were about 1% for the verbal and quantitative
measures, and about 4% for the analytical measure. The proportions of examinees
who answered all items were 86% for verbal, 82% for quantitative, and 60% for
analytical.

2. The distributions of the numbers of items answered differed by score levels
for the quantitative and analytical measures. For these two measures, examinees
with higher scores answered fewer items on average. Higher ability examinees
tend to be administered harder items, and the harder items may take longer to
answer. For the verbal measure, there was no appreciable differences in numbers
of items answered by score levels.

3. Analyses of mean times spent on items did not indicate that many examinees
were using the strategy of answering 80% of the items and then letting time
expire.

4. For examinees who answered all the analytical items, the shortest item times
were spent on items toward the end of the section. This suggests that examinees
may be rushing to finish the test, even though they have already answered enough
items to get a score. There were no trends based on mean item times evident in
the verbal and quantitative sections.

5. For examinees who answered all the items in the section, their final scores
were compared to what their scores would have been if they had stopped at the 80%
point. The mean score differences were negligible for the verbal and
quantitative measures. However, for the analytical measure at all score levels
except the extremes, examinee scores were about 15 points higher on average at
the 80% point than at the end of the test. Examinees may be rushing to finish
the section and are making more errors (see previous paragraph). This appears
to illustrate the impact of speededness on scores. This also suggests that with
all other factors held constant, such as the apparent speededness of the measure,
on average examinees would receive higher analytical scores if they answer 80%
of the items than if they answer all items.

6. Simulations were conducted to assess the potential impact of the test-taking
strategy of answering 80% of the items and then continuing to answer items until
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an item is administered to which the examinee doesn’t know the answer. The
patterns of results of employing this strategy were similar for the three
measures. The mean score gains using this strategy versus stopping at the 80%
point were largest in the middle of the ability distributions and were about 8
points.

7. To address the concern that examinees may intentionally answer only 80% of
the items in a section, simulations were conducted to assess the impact on scores
of employing two different scoring rules for incomplete CATs. With one scoring
rule, unanswered items in the section are marked as wrong. With the other
scoring rule, unanswered items are marked at random. Simulated distributions of
mean score differences were produced between scores at the 80% point and at the
end of the test after invoking the scoring rule. When unanswered items were
marked wrong, the mean differences at the middle ability levels ranged from about
50-90 points for verbal, 40-55 points for quantitative, and 50-75 points for
analytical. The standard deviations of the score differences were rather large
(about 25-35 points) due to the nature of the item selection and scoring
algorithms. The mean score differences for the rule where items were marked at
random were somewhat smaller than those for the rule where items are marked
wrong, but the standard deviations of the score differences for the two rules
were about the same. The rather large standard deviations indicate that
examinees with very similar true scores may end up with very different penalties
being assessed as a result of one of these scoring rules.

Rules for scoring incomplete CATs may take many forms. This paper looked
at the 80% rule and at finishing incomplete CATs with wrong or random responses
to items selected using the updated ability estimate. Another possibility would
be to finish an examinee’s incomplete CAT by marking wrong or at random items
selected based on the examinee’'s ability estimate at the time the examinee
actually stopped answering items. Or, a penalty could be assessed that is equal
to a fixed number of score points for every unanswered item. Another alternative
would be to base the magnitude of the penalty on the reliability of the
incomplete CAT.

To date, the 80% rule has worked reasonably well. These data do not
indicate that there is currently a widespread use of the 80% rule as a strategy
for the GRE CAT. The program will need to continue to monitor examinee
performance since raise serious psychometric and equity issues would be raised
if examinees begin to employ the strategy.

Establishing a rule for scoring incomplete CATs requires considerable care.
Two types of examinees that may not finish the test include: a) examinees who
implement a test-taking strategy of intentionally stopping before the end of the
test in an attempt to maximize their score, and b) examinees who spend (and need)
more time actually reasoning through the items. In an ideal psychometric world,
all examinees would answer every item. But given that not all examinees finish
the test, an ideal scoring rule would penalize the first type of examinee and not
the second. Unfortunately, it may not be possible to differentiate these two
groups of examinees with a high level of accuracy. There is no perfect solution
to scoring incomplete CATs. Objectives must be weighed and tradeoffs must be
considered when deciding upon a scoring rule. Ultimately the selection of a
scoring rule for incomplete CATs is a matter of policy. Any scoring rule,
however, should be revisited periodically and modified if necessary in light of
examinee behavior.
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