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. ATRMAN QUALIFYING EXAMINATION-66 ADMINISTERED AS A COXFIDENCE TEST

Erir B. Skujord, dr. end 3. Edsard Messencill, Jr.

¥ithin the past txe-decades, several develorments have occured which suggest
that it zay be possibie to make great .mprovene1ts in ability, aptitude, and
achievenént testing. 6Gzins have been made in aptitude and achievement test-
irg, but during the past five or so decades of testing they have resulted
from efforts to improve the development and selection of test items for use
within the standard framework for objective and seai-objective testing uti-
lizing multiple-choice ané complstion-type item formats. The new develop-
ments, however, call for a fundamental change ir the way that a test is ad-
ministered. They allew for a more penetrating method of measurement which
moves ahead of the traditiomal choice response of the examinee to more di-
rectiy measure the value and character of the information that weuld lead
to a choice and they measure it in terms of subjective probability of cor-
rectiness or, equivalently, degree of confidence.

Althcugh there have been pany atteapts in the past to measure degree of con-
fidence, to allow partial knowledge, and to eliminate guessing (all of which
have met with notable lack of success) there are still reasons tc believe

that it is possible to improve upon. the choice method of test administration.

At first these reasons were logical and mathematical. After the fact it is
clear that the first requirement that any method of measuring an examinee’s
confidence must meet is that it be in his best interest to honestly express
his degree of confidence. Toda (2963) in Japan, de Finetti (1961) in Italy,
van Naerssen (1961) in Holland, and Roby (1965) in the United States indepen-
dently discovered special ways of rew'rdlng a subject according to his as-
signment of confidence to the aitematives in a choice problem. These scor-
ing systems all had the special property that the subject could maximize his
expect*d score if and only if he honestly expressed his degree of confidence
in the aitemnatives. Shuford, Albert and Massengill {1966) further rational-
ized these scoring systems and extended their use to the fill-in-the-blank or
completion-type item. It is significant that when the previous and unsuccess-
ful attempts to measure degree of confidence are examined as to the mathemati-
cal properties of their scoring systems, none of them have been found to use
an admissible scoring system. In each case, the scoring system was either so
ill-defined that it constituted a projective test to the examinee, or if well-
defined, the scoring system had the property that the examinee would make a
better test score by not responding with his actual degree of confidence. Al-
though this may not explain completely the reasons for failure of the earlier
studies, it certainly gives us reason not to be discouraged by the long rua
of nzgative findings with respect to the promise of confidence testing.

Recognition of the new-found promise of confidence testing lead to the occur-
ance of two significant events. The Shuford-Massengill Corporation undertook
the development of training and response aids and other materials and proced-
ures which would make confidence testing feasible and suitable for wide spread

*

The Fourth Semi-Annual Technical Report (which covers the period
November 1967 through April 1968) of work per‘>rmed under contract
number AF 49(638)-1744, ARPA Order Number 833, by The Shuford-Mass-
engill Corporation, One Wallis Court, Lexington, Massachusetts 02173
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; “use in the public school as an improved way of administering teacher-pade

E <lassroom tests and quizzes. The Advanced Research Projects Agency of the

- - ~ Department of Defense contxacted with the Corporation to develop the deci-
sion-theoretic p<ychonetr1cs necessary to guide and support applications of
confidence ‘testing to military operations. This contract effort yielded
nuserous reports (Massengill & Shuford, 1966; 1967; 1968; Shuford § Massen-
gill, 19663, 1966b; 1967a; 1967b; 1967c) which spelled out the COﬂdlthﬂS
under which confidence testing could yield large gains in personnel selec-
tion, c13551f1cat1on, training, and education. In response to the promising
indications of this .heoret1cal work, the Advanced Research Pro;ects Agency
expandcd the contract effort tc include collecting and analyzing comparztive
data on the performance of choice and confidence ‘testing with m1]1tary selec-
tion and classification tests. This Semi-Annual Technical Report is devoted
‘to the analysis of the perfbr-ance of confidence testing in the administra-
tion of the -u1t1p1e-ch01ce items -of ‘the Airman Qualifying Examination-66
which-is currently used.by the Air Force Recruiting Service for the selecticn
and classification of non-prior-service applicants to determine their enlist-
ment qualifications and’ aptitides.

. ' PROCEDURE

As a result of dlSCUSSlOﬂS with Robert B. Stephens of Hq. USAF and Bart M.
Vitola of the Personnel Research Laboratory, we-had planned to readminister
the multiple-choice portion of AQE-66. to about 300 basic airmen in training
at Lackland Air Force Base. Each basic airmzn devotes half a day to parti-
cipating in the exper1mnnta1 testing program of the Personnel Research Lab-

2 oratory. ‘The -airman hds taken the AQE-66 at a recruiting station or at a

3 high school prior to. entering service with the Air Force. By retrievirg the
3 original test answer sheets of the airmén, we could compare the data from the
. original administration of AQE-66 as a choicé test with the data obtained from
- " the readnln1strat10n as a confidence test. This comparison could apply only
to the 150° mult1p1e-ch01ce items of the AQE-66. The other tést items are
speeded computational problems for which confidence testing would not be ap-
propriate. All-of the 150 multiple-choice items are five alternative with
the exception of several three and four alternative items.

- aid - . - ~ N |3 g ¥ 23 > e

2 Upon examining the materials for confidence testing, however, the staff of

the Personnel Research Laboratory expressed reservations as to the feasi-
bility of the method, since the airmen would represent a broad cross section

X of educational levéls and academic backgrounds. If the airmen failed to
clearly understand the rationale and procedures of confidence testing, then

»f the resulting confusion would get in the way of their responding in a mean-

[ ingful fashion and disrupt the testing process to the extent that the possi-

- ble gains from confidence testing would not be realized. Realizing that we

4 would have cnly a three to three and half hour period to train the airmen in

T how to take a confidence test and to have them complete 150 five alteznative
items, many of them of considerable complexity and difficulty, we found this
arguement somewhat compelling. We proposed, therefore, that instead of risk-
ing a larger scale program using 300 airmen we scale down the first testing

to include two small groups,, each of which would represent a cross section of
airmen currently in training at Lackland Air Force Base. This plan was agreed
y to by the Personnel Research Laboratory and the experimental testing took place
= January 26, 1968.
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Test booklets and testing facilities and. personnel were provided by the Per-
sonnel Research Laboratory. Mr. C. L. Cannon and Sgt. I. T. Busby, of the S
Peisonnel Research Laboratory -assisted in the administration of the test.
Thirty airmen were tested in the morning and 32 were tested in the afternoon.
Edward Massengill of the Corporation spent approximately one hour with each
group instructing them how to take a confidence test. The airmen were then
given a fifteen minute break -and retumed to take the 150 multiple-choice
items of the AQE-66.

The airmen were allowed one hour and forty-five minutes to take the test.
This is the time normally allowed for taking this portion of AQE-~66. Some )
of the airmen completed all 150 items well ahead of the time limit, while i
others took the full hour and forty-five minutes and completed 1less than the

full set of items. In the original administration of this test, many of the »
airmen also failed to complete all 150 items. The major difference between :
the two administrations is that in the original administration, the airmen >
who failed to complete the test tended to skip many items, whereas, in the ‘ f-’
readministration, airmen tended to answer all items consecutively up to the {
point where the time limit was imposed. i

All in all, this test was speeded for many of the airmen both 4in the original .
administration and even more so when it was administered as a confidence test. b
The mechanics of taking a confidence test require more manipulation and writ- :
ing on the part of the examinee than in the case' of a choice test. Further, R
experience indicates that confidence testing leads the examinee to think much )
more carefully about each test question and its answers than in the case of SN
choice testing. When a confidence test is -speeded, there is less time to s
consider carefully all the relevant information pertaining to a test question
and to carefully evaluate this information in terms of how much confidence is
justified in each of the possible answers. In-addition, the easiest response
pattern to develop in a confidence test is that in which all the confidence
is placed on one of the answers and no confidence is placed on the remaining
answers. These considerations imply that speeding a confidence test will
make the data look more like that of a choice test where, in effect, all con-
fidence is placed on one and only one of the possible answers.

Each airman used the SCoRule™ response aid to develop his response to the
test items and then copy the appropriate letters into the corresponding an-
swer boxes (one letter for each possible answer) on a standard answer sheet
bound in a test booklet,
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When an airman finished the test, he noted the time on the front cover of

the test booklet, handed it in, and left the room. Upon scanning the test
booklets, it was discovered that all except one airman had cooperated in tak-
ing the test, leaving 30 airmen in the morning group and 31 airmen in the
afternoon group. The test was then scored by Mr. J. E. Wilbourn and Mr. C.
L. Cannon of the Personnel Research Laboratory and the resulting data was
forwarded to The Shuford-Massengill Corporation for further analysis.
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FUNDAMENTAL ANALYSIS OF THE DATA

The airmen went through the motions of taking a confidence test. They used
the SCoRule to develop their answers and then they copied down the letters
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i“ from the answer boxes, thus, 1nd1cat1ng various degrees ¢of confidence iz the
2 different answers. Is there any meanlng to the data that was produced?

.7

'%} ‘What does it mean when an airman writes down the letter 4 for an answer im-
Sk p1y1ng that he ‘has zero confidence that the answer is, in fact, the correct
5% answer to the test item? What does it mean when he writes down a Z saying
;% that he has complete confidence that the answer is the correct answer to the

test item? What .does it mean when he writes down an ¥ iwplying that he has
-2 confidence cof .48, and so on for ali the letters of the alphabet?
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RESPONSE VALIDITY

One way of evaluating the meaning of this data is to examine for each letter
-4 of the alphzbet the frequency with which it was used on 2 correct answer re-
: lative to the total frequency: with which the letter was used. One would hope
1 - that the more ‘confidence that an aZfman places on an answer, the more likely
i : it is to be the correct answer. This does not necessarily have to be the

: ) case, however. -An airman c¢ovld use .a random-like process for setting up the
X SCoRule- and. still produce a reasonable answer sheet witii ail sorts uf differ-
’ ent degrees. of confidence indicatéd. If this process were totally -at Tandom
w1th1n<the constraints of the testing situation, then the expected relative
frequency of an answer being correct would be about 20% and this would be so
regardless of the partlcular confidence placed on the answer.

3 About 20% of those answers which have been assigned zero confidenge (4) would
: be correct; 20% of those answers which have been assigned complete confidence
(2) would be correct; and so on for all possible degrees of coenfidence. In
i such a case, the data would have no meaning.

Tables 1a, b, ¢, d show these relative frequencies as a function of degree
of confidence (indicated by the alphzbet from A thxough: Z) for each of the 61
airmen. For example, look at airman number 1 in Table la. Four hundred and
thirty times he assigned A to an answer and 12 of those times he placed the
A4 on a correct answer. The relative frequency of an answer to which this

g airman assigned zero confidence being correct is 12 divided by 430 or about

3 .04. This airman placed an ¥ on 21 of the answers and 9 of these were, in

; fact, correct answers giving a relative frequency of about .43. And finally,
3 out of the 98 times that he placed Z on an answer, 87 of these answers were,

[eX0

! in fact, correct yielding a relative frequency of about .89. Examination of
i the data in Table la, b, ¢, and d indicates that no airman followed such a
o random response strategy.

Table 2 shows “»is samc data summed over all 61 airmen. The frequency with
which the diffe..nt degrees of confidence are used is a function of the dif-
ficulty level of the test. The relative frequency with which answers assign-

A VS

¢ ed given degrees of confidence are correct is not a function of the difficulty
- level of the test. Notice that, in general, this relative frequency increases
3 for the higher degrees of confidence. This is shown more clearly in Figure 1

E of the Appendix. There is clearly a functional relatiocn between tha degree of

confidence assigned to an answer and the relative frequency with which it is,
in fact, the correct answer. For the group as a whole, the more confidence an




airman places. on an answer, the more likely it is to .be the correct answer.
In this sense, the responses of the group :as a whole will certainly -have
peaning.

Does a sir’ lar relation hold for the data of each airman? Thé data of Tables
la, b, c; and d Suggest that maybe it does, but the variation due to the small
nusber of observations for many of the degrees of confidence mzke it hard to
see. A clearer picture may be obtained if one just looks at the relative
frequency of an answer being correct when it was assigned an A and when it

was assigned a Z since these are by far the most frequently occur1ng confid-
ence assigngents. These are shown for each..of the 61 airmen in Table 3. In
every instance, the Percent "Z" Answers Correct is larger than the Percent

A" Answers Correct. This suggests that each airman understood and did -assign
nore confidence to the answers that he thought were correct. Thus, the data
admits of a simple interpretation that -the more confidence an alrman assigns
to an answer, the _more iikely it is to be correct.

GAIN IN INFORMATION

This alone, however, does not prove that one is getting completely meaning-
ful data from confidence testing. To see this, one can consider a *"blind"

or "stupld" process which can yield a monotonic increasing relation (in fact
it is a linear relation) between relative frequency and degree of confidence.
Suppose that you were given the answer sheet of an airman who had taken AQE-66
as a choice test anc¢ all that has been indicated on the answer sheet is the
number of the test item and which of the five answers the airman chose. You
take this answer sheet and use it to fill out another answer sheet of ‘the type
used for confidence testing. Remember that all the items have five possible
answers and that you must put down a letter indicating a degree of confidence
for each of these answers. Say that on the first test item you look on the
choice answer sheet to see which answer the airman has chosen and put a .2 in
this answer box indicating that the airman had complete confidence in that
answer. Now, since all the confidence has been placed on that one answer,
there is no confidence left over for the other answers, and an 4 must be
placed in each of the remaining four answer boxes. You may continue doing
this for a few more items but then change to a strategy of taking the answer
chosen by the airman and giving it a confidence of about 1/2 (say either an
M or an N) and giving one of the other answers a confidence of about 1/2.
This leaves no confidence for the remaining three answers so give them all
A's. Follow this strategy for a while and then change to giving a confidence
of about 1/3 to the answer chosen by the airman and a confidence of ahout 1/3
to each of two of the other answers leaving no confidence left over for the
cther two of the five answers. Now after a while, change to a strategy where
you split the confidence four ways and then finally change to a strategy of
assigning equal confidence to all of the iive answers. Now you can vary back
and forth between these strategies and mix them up any way you wish to get a
reasonable appearing pseudo-confidence test answer sheet. You have not used
any information that was not contained on the original choice answer sheet.
You know nothing whatsoever about the test item, or whether or not the air-
man's answer was the correct one.
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Now, what would this pseudo—confidence test data look like if we analyzed it
as before..—Suppse ‘that the airman had chosen -the correct answer 60% of the
time in the original choice test. Now the pseudo-confidence ‘test would -show

'thaf about ‘60% of the Z answers were correct. For those- items where ‘the con-

fidence was split between two answers, the percent :of M answers correct would
be 1/2 of 60-plus 10 equals 70 or 35%. For those items where the confidence

was. spiit .between three answefs,. the percent of I answers: correct would be 1/3
-of 60 plus 10 plus 1€ equals 80 or 26-2/3%. For those items in which the con-

fidence was divided among -four answers, ‘the percent of G answers correct would

;be:-60 plus 10 plus 10 plus 10 equals 90 or 22—1/2% while for those itéms in

Uh1ch the -confidencé was divided among all five answers, ‘the percent of F an-

sWers. correct -would, of coursé, be about 20%. Then finally, the percent of 4

answers.-correct ‘would be about 10%. . If this yelation were plotted on a graph,
the expected values would fa;l on .a straight 11ne and, of course, the observ-
ed values woald,vary randomly ‘a¥ound this straight line.

The main: thing, however, is that there would ‘be a functional relation between

relative frequency and degree of confidence, but this relat;on is certainly
not: one that we would ‘he happy with. In: .generating the data that yielded this

~relat1on, you ‘used no information other than contained in the choice responses

of the airman. ‘Thérefore, 'the pseudo-confidence responses can reflect no
valid 1nformat1on other than that contained in the choice responses. In order
for confidence responses to contain wvalid information over afid above that
yxelded by cho1ce tests the relation between relative frequency and degree of

‘confidence must be steeper than this base-level relation which depends upon:

the:percenitage of correct answers in the choice administration of the test.

‘Therefore, in order to determine whether or not .any additional information has
‘been obtained from the confidence measurement administration of AQE-66, the
<percent’of Z answer correct must be compared with- the percent of correct an-

- swers -that -would-have ‘been obtainéd if the test had been admlnlstered as a
vcho1ce test. ‘A confidence test can always be scored as a- cho1”e test 1f you
"are w1111ng to- make the -assumption that the examinee would have chosen that
.answer in which he indicated the greatest degree of confidence. In the event

that;two oY ‘mere answers are approx1mate1y tied for maximum degree of confid-
ence, then the tie can be broken by using a table of random numbers. This

was exactly the procedure used-to obtain the inferred percent of correct an-
swérs shown in Table 3. Notice that in every case the percént of Z answers
correct exceeds the inférred percent correct answers. These comparisons are
also shown graphically in Figure 1' of the Appendix. It is evident that there
are great individual differences in these data. These differences in part re-
flect an airman's ability to evaluate information in terms of how much confid-

-ence is justified by the information at hand. For example, airman number 26

as shown by the data of Table 1b and Table 3 does not know what he knows and
what he doesn't know. He sees things in terms of black and white and his data
is very much like that yielded by a choice test. 1In fact, it appears that the
worst that confidence measurement can do is to yield data like that from a
choice test. Airman 25, on the other hand, is exceptionally good at evalvat-
ing information. He ev1denced many degrees of confidence on different test
items and his percent Z answers correct is about 92 and his inferred percent
correct answers is about 55.
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. ' . DISRUPTION OF THE TESTING PROCESS- ]

So far the analysis of response validity has been internal to the experimen-
tal readministration. of AQE-66 as a confidence test. By taking account of
1nfbruat1on external to- this test adm1n1strat10n we can evaluate another hy-
,pothes1s about confidence testing. As mentloned before, there has been some
concern that the procedures .of confidence testing are so complex as to com-
fuse some of the airmen and thus, lower their test performance. Confidence
testing would so interfere with the test- tak1ng process that a distorted pic-
ture would be obtained of the:.airman's ability level. This is certainly a
conceivable: outcome and if it happened, we -should: find that the Percent *Z"
Answers Correct computed for some airmen were actually lower than the Percent
Correct Answers yielded by the same airmen during an 1ndependent administra-
tion of the same test as a choice test. We did not find this happening with
respect to: the Inferred .Percent Correct Answers whick is one indicant of a
score which a student would have obtained if -he had simultaneously had been
given a choice test. This- is no real test of the hypothesis, however, -since
the Inferred: Percent Corréct Answers is derived from the confidence test data
and if it were distorted by lack of understandlng of the student, then the
d1stort1on should. occur both in the Percent "Z'* Answers Correct and in the
Inferred Percent Correct Answers.

CEr

As mentioned above; these airmen had- already taken AQE-66 prior to entering
servi¢e with the Air Force and, thus, their original test performance could
provide an independent but somewhat remote check on extent to which the air-
men were confused -y confidence testing. We were able to obtain the original .
test data of only 40 -out of the 61 airmen. The percent of correct answers
given by these 40" airmen during the original administration of AQE-66 is shown
also in Table 3. In every case but three, the airmen's Percent "Z" Answers
Correct is greater than the Original Percent Correct Answers. The three ex-
ceptions .are airmen number 7, 10, and 56 with the greatest deviation being
represented by airman number 10. When this airman took AQE-66 for the first
time and as a choice test he got 70% of the answers correct. When he took it
over again as a confidence test, about 60% of the answerc in which he had com-
plete confidence were, in fact, correct answers. This is a difference of
about .10, It is possible that this airman was confused by the procedures of
confidence testing but it should be noted, however, that his Inferred Percent
of Correct Answers was about 53% which is somewhat below the 60% "Z'" Answers
Correct indicating thut his test data yielded information over and above that
that would have been obtained from a choice administration. On the other
hand, airman number 56 got about 73% corract answers in the original adminis-
tration of AQE-66, but we infer that he would have gotten about 45% correct

in the readministration of the test. This is a considerable drop. It should
be noticed that he did get about 70% correct when he said he had complete con-
fidence in an answer. This indicates a considerable gain for airman number 56
in the information obtained from confidence testing over that obtained from
choice testing. All in all, there is very little evidence that the procedures
of confidence testing interferred with the test-taking performance of these
airmen. There is no doubt that it can happen, but with careful instruction

in the procedures of confidence testing the relative frequency of occurrence
of confusion in examinees should be reduced to near zero.

It is unfair to an examinee if he fails to clearly understand instructions for
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taking a test and if ke fails teo adopr a tost-raking strategy wRECh maximzzes
his expected test score for the zmount of knwleégc that be possésses a=d this
will be the case if an airmen were confused by the procedures of confidence
zesting. It is also the case, however, if aa aivax fails to respond to all
the itenc in the chioics aémmstnvm of ME-66 since his exgzcted test score
is maximized if and caly if ke respoads to 211 izems even o the extemt of
geessing in those situat ioas wiere ke doss not know the answezr. Tais happens
-and-has been shoun to have major effect on the fairmess of a choice ‘test
(Shuford and Massengill, iS6S).
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THE EXISTEXCE CF GUESSING

R

ne possibility of guessing in multiple-choice tests has been recognized as 2
prcblee. In any highly developed sné perfected test such as AQE-66, several
techniques :have been used to minimize the existernce of guessing. First, the
decision to use five alterrmative mmitiple-choice items is inteancded to minimize
the effect of guessing on the test results. Second, a major goal im the writ-
ing of test iteas ané the possible answers is to write thexz in such a2 way that
when a person doesn't knox the correct answer, he will be 2lrmost certain to
Ppick out one of the misleads. In the language of confidence testing the goal is
to write test items so that an exazinee either has z very high degree of confid-
-ence in a correct answer or a very high degree of confidence in one of the in-
correct answers. If this goal were achieved, it would certainly mininize the
effect of guessing, since guessing occurs oaly wher the examinee is imcertain
between the correct answer and one or more of the incorrect ansxers. For ex-
agle an airean would be in a guessing situation if he assigned a confidence
of about i/2 to the correct ansxer and a confidence of 1/Z to one of the in-
correct answers. He would havz enough partial infornalion to rule out three
of the incorrect answers but he wourld still be undecided between a correct an-
swer and one of the incorrect answers. If he flipped z “Sent2i coin" to decide
between these two answers his probability of getting the right answer would be
1/2. On other items, the airman could be undecided between three out of five
having partial information to rule cut two of the incorrect answers and 2 pro-
bability of chance success of 1/3; undecided between four out cf the five hav-
ins enough partial information to rule out cne of the incorrect answers and a
probability of chance success of 1/4; and finally, he could be totally unin-
formed and have equal confidence on all of the five answers with a probabiiity
of chance success of 1/5.
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Now the Airman's Quaiifying Examination has undergone a great deal of develop-
nent and refinement over years. Empirical large scaie item analysis procedures
have been used to select the items used in AQE-66 from large pools of available
items. In this sense then, AQE-66 represents a highly refined test where a
great deal of effort has been devoted to eliminating the effect of guessing on
the test results. In spite of this, the confidence responses of the airmen
indicated that they were encountering guessing situations on about 1/4 of the
jitems. This is a major and highly promising finding because every time an
examinee encounters a guessing situation in taking a test, his response is
contributing error variance to the test results and this error variance, of
course, reduces the reliability, validity, and efficiency of the test data
(Shuford and Massengill, 1967b). In confidence testing, however, these guess-
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ing siteaticons are disc:imﬁnated froz other states of knowledge and thus, do
not 2dd to the error variance of the test results. Thus, to the extent that
guessing is 2z factor in choice testing there is corresponding room for ieprove-
aent by administering the test =5 a confidence test rather than a choice test.
Since guessing situaticns are encomtered by the iirmen taking AQE-66, let's
se2 what effect this has on derived measures such as totai scores and aptitude
scores for AQE-66.

PSYGIQMETRIC ANALYSIS OF CHOICE AND CONFIDERCE DATA

AQE-G6 is made up of ten subtests (Vitola and Madden, 1967). Nine of the sub-
tests arc composed of éuitiple-choicé items and together make up the 159 mul-
tiple-choice iteas analyzed in the previous section. The tenth subtest is
co=posed of 60 co=autat10131 items and 3is not included in this analysis. The
scores from the subtests are added together in various ways to derive four
different zptitude scores called General, Administrative, Mechanieal, ard
Electronics. Tablz 4 shows the numbex of items that make up each one of these
aptitude scores. There is, of covrse, some ovérlap between the aptitude scores
in the sense that item scores enter into both aptitude scores.

Table 4 also shows the corresponding means and standard deviations of the ap-
titude and total test scores for the original administration of AQE-66 and
for the experimental readministration both for the Valid Confidence score and
for the total amount of confidence assigned to the correct answers. Notice
that the confidence scores are higher than the other mean scores. This re-
flects the nonlinear characteristic of the admissible scoring system used in
Valid Confidence Testing. Notice zlso that the standard deviations for the
Valid Confidence scores are smaller than in the other cases. This again is a
reflectiorn of the Iogarithmic admissible scoring system. The scores of the
poorest performing airmen are being raised considerably and the whole distri-
bution of scores is being compressed toward the upper end of the scale. In
thi- sense then, AQE-66 is probably too 'easy" for cptimal performance as a
confidence test.

RELIABILITY

Both theory {Shuford and Massengill, 1966b; 1967b)} and intuition suggests that
eliminating error variance due to guessing will increase the reliability of a
test. Table S shows the published reliabilities (Vitola and Madden, 1967) for
the four aptitude indexes of AQE-66. These published reiiabilities include

the score from Arithmetic Computation Subtest which enters only into the Admin-
istrative Aptitude score. Thus, this reliability is not exactly comparable to
the reliabilities we compute. Tsble 5 also shows the reliability indexes com-
puted on the choice data of the 40 airmen for whom we could obtain the original
answer sheets. Allowing for vVariation due to sampling, these reliabilities
seem to be in line with the published figures, Notice that the reliability
index for all 150 items is .954. AQE-66 is, quite obviously, an exceptionally
reliable test.

Table 5 shows also the reliability indexes computed for the Valid Confidence
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scores of the 40 airmen. Reliabilities -of the Valid Confidence scores are
higher than the reliabilities of the original choice scores, but not much
higher. As méntioned above, the variances of the Valid Confidence scores
-are considerzbly smaller than those of the choice scores. Ordinarily such

a reduction in variance results ir a reduction in thé size of a correlation
coefficient Such as the reliability index. This did not happen in this case.
The variances got smaller but the correlation coefficient increased in size.

We can get a better picture of the gain in reliability obtained from confid-
ence testing if we look at the total amount of confidence -assigned to correct
answers. This measure yields score distributions much more comparsble both in
terms of means and variances to the distributions of the choice scores from
the original administration. The reliability indexes for this measure are

also shown in Table 5 and in every case exceed all other relizbility indexes
in size.

-1

-Although: these differences in reliability may appear to be trivial, they are
not. The correlation .coefficient is not a linear measure of testing efficiency.
As the correlation coefficient approaches 1, smaller and swaller differences
become more important. .

One way to-evaluate the importance of the gain in reliability resulting from
changing from choice administration to confidence administration of AQE-66 is
in terms of test length. Consider for example how many additional items would
be required to make the choice test as reliable as the confidence test accord-
ing to the total amount of confidence assigned to the correct answers. Table
6 gives the answer as derived from the Spearman-Brown Prophecy Formula. From
37 up to 56 additional items will have to be added to parts of AQE-66 to make
each aptitude score as reliable as that obtained from giving the current AQE-66
as a confidence test. For the test as a whole, 121 items will need to be added
to-AQE-66. In a sense then, administering AQE-66 as a confidence test has the
effect, in terms of reliability, equivalent to considerably increasing the num-
ber of items in the test.

Another way of looking at the relative efficiency of choice and confidence test-
ing is to consider how many  items can be eliminated from the confidence version
of AQE-66 to reduce its reliability down to that of the choice version of AQE-66.
The answer, also derived from the Spearman-Brown Prophecy Formula is shown in
Table 6. From 20 to 29 items can be eliminated from those parts making up each
aptitude score and for the test as a whole, 66 items could be eliminated. In
other words, an AQE-66 consisting of only 84 items administered as a confidence
test would be just as reliable as the present AQE-66 of 150 items administered
a5 a choice test. Savings indicated in Table 6 are probably underestimates of
what actually can be achieved in practice since the projections are based upon
the assumption of biind random choice of items to be omitted. If item analysis
information were used to make an optimal selection of items for inclusion in

the test, then it should be possible to make the test even shorter than indicated.

INTERCORRELATION BETWEEN APTITUDE SCORES

Eliminating error variance due to guessing from AQE-66 should not only improve
the reliability of the test, but should, at ieast under some conditions, in-
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crease the correlation between the aptitude scores. While increasing reliabi-
lity is a desirable effect, increasing intrabattery correlations reduces the
ability of the test to make differential predictions. Given whatever "true"
correlation there might be between the aptitude scores, the introduction of
random error due to guessing would ssrve to lower the computed correlations
but could not improve differential prediction. If this were happening, then
eliminating the random error due to guessing would allow the higher "true"
correlations to manifest themselves.

Table 7 shows the correlation between pairs of aptitude scores for AQE-66.
The first column shows the published figures while the second column shows
the correlations computed from the original choice test data of our 40 air-
men. The greatest deviation between the published figures and those obtained
from the small sample of 40 is for the correlations between Mechanical and
Electronic Aptitude scores where the correlation based upon the small sample
is quite a bit less than that in the large-sample published data. It should
be noted that three of the six correlations are not exactly comparable to the
published data because the published data includes the arithmetic computation
subtest as & component of its Administrative Aptitude score.

Table 7 also shows the correlations based on Valid Confidence scores and the
total amount of confidence assigned to correct answers computed from the data
of the 40 airmen. In every instance these correlations are at least as large
as the correlations computed from the original choice data of the same 40
airmen. Figures 2, 3, and 4 of the Appendix graphically display the relations
between these pairs of aptitude scores.

PREDICTIVE VALIDITY OF GHOICE AND CONFIDENCE DATA

The increased reliability and intrabattery correlations obtained in the con-
fidence administration of AQE-66 could be due, in whole or in part, to the
reduction in error variance produced by the guessing occuring when AQE-66 is
administered as a choice test. It could also be produced, in part, by confid-
ence testing introducing new variance which is not present when AQE-66 is ad-
; ministrated as 1 choice test. This must happen to a certain extent. Remember
i' that there are wide individual differences in the airman's ability to evaluate

information. This is one reason why confidence testing yields a different
rank order of examinees and would most certainly be operating pretty much
throughout the. test and effecting each aptitude score. Although there are
reasons for accounting for this as true variance and believing that it should
be measured and reflected in any test score, an unequivocal answer cannot be
obtained without further research and validation studies.

-

——

There is, however, one bit of data that can be used to get some hint at the
ability of confidence testing to improve the validity of AQE-66. The records
of the airmen used in this study contain their Air Force Qualifying Test scores
(AFQT). This is, like AQE-66, a multiple-choice aptitude test. If these Air
Force Qualifying Test scores were considered as a criterion variable, the cor-
relation between AQE-66 and AFQT would indicate the validity of AQE-66 consid-
ered as a predictor of AFQT. Figure 5 in the Appendix shows the relation be-
tween AQE-66 administered as a choice test and AFQT for the 40 airmen. The
correlation between these two sets of scores is .76.
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ﬁé Figure 6 in the Appendix shows the relation between the VzZZd Comjiceree score
{g for ME-66 adeministered as a confidegce_test and ARQT. The reduction in vari-
2 ance produced by the logaritnkic adeissible scoring system is quite appareat
¥ -here. Correlation for these two Sets of scores is .70.

: :

1

When we attempt to equalize variances, however, by looking at the total amowmt
of confidence on correct answers cbtained from J)}E-66 administered as a coafid-
ence test, we find the relation with ARQT shown in Figure 7 of the Appendix.
The AQE-66 data is now such nore spread out with a variance comparable to that
obtained from the choice administration of AQE-66. The correlation in this
case is. .81 which is somewhat above that of .76 found for the relation between
AQE-66 admiristered as 2 choice test and ARQT. Thus, the adzministration of
AQE-66 as a confidence test can increase its predictive val;dxt).

Ay 7 L . <
LA ME I RSE

DISCUSSION AND CONCLUSIONS

. . The results of this study do not prove tnat confidence testing yielded improve-
B - ments :in personnel selection, classification and placezent. It would be wrea-
sonable to expect this frcm such an experiment. There is, on the other haad,
noth1ﬁg in these data to deny the possibility that confidence testing can radi-
cally improve the testing process.

This small scale study may be viewsd as setting up a series of hurdles for con-
fidence testing to pass, and pass them it did. First, the airmen did not get
marred down in a sea of confusion about the procedures of confidence testing.
In general, they responded with remarkable intelligence .and yielded test data
which contains- information over and above that which is possible to get when
ME-66 is administered as a choice test.

These data suggest that there are wide individual differences in the way in which '
airmen process and evaluate information. These differences are reflected in
their test scores, but until there is reason to believe that this is not charac-
teristic of their behavior outside of this particular test situation there
should be no cause for concern. In fact, this may prove to be a new source of
true variance which would serve to improve the vaiidity of test data.

There was no dearth of guessing situations enccuntered b,y these airmen in re-
spondlng to AQE-66 even though it is a highly refined test designed to mini-
mize guessing. This gave confidence testing an opportunity to reduce one
source of error variance in AQE-66 znd this was reflected in the higher re-

liability and intrabattery correlatlons and in the improved correlation be-
tween AQE-66 and AFQT.
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Table 2. Rasponse Frequency.ard Relative Frequency.of Answer being correct

asa Function of Degrec: of Confidence. '

Entries based on all 61 airmen. Right hand number of entry shows frequency

with which dearee. of confidence was used while left hand entry shows frequency

with which that degree of confidence was assigned to a correct answer. g

Degree of Confiderice Response Frequency Relative Frequency
A 1,519/26,243 - .058
B 16/130 123
- c 28/159 - 176
) 77/431 79 - B I
E E 312/1,503 .208 i
. 84574240 199 e
G 355/1,664 213 :
f H 1297542 .238
| 142/563 252 S N
: J 64/261 .245 : o b
@ K 487183 .268 R
; L 52/172 .302 e
P M 357/1,056 .338 s
N 100/315 317 ‘ I
- 0 36/133 271 S
E P 33/69 478 P
g Q 33/50 .660 P
g R 28/56 .580 b
i s 23/49 469 |
% T 27/47 .574
¥ v 28/43 651 E
£ v 2L/32 .750 25
£ W 15/26 577 ;
X 8/13 .615 R
E Y 16/18 .889 1
g z 4,481/5,584 .802
) 1
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Table 3. Individual Response Validity Data Compersd with Choice Data.

t 12 \A} tw;

&
PERCENT “'A" PERTENT 2% IZFERRED PERCENT GRIGINIL ?E?.Ciﬁ

AIRMAN ANSUWERS CORRECT= AHSWERS COARECT= CCRRECT AWSWERS2 CORIECT AMNSYERS:
i 2.8 88.8 €3.0 .- 1%
2 8.0 76.3 55.3 --- R
3 k.1 8%.8 52.7 7.2 E‘ :
4 2.4 92.1 73.3 ws LU 3
5 1.0 97.3 85.3 8¢.7 E )
6 5.4 83.0 43.3 33.3 E 3
7 19.1 26.2 18.7 33.3 o
8 b7 8.5 60.0 07 ¥
5 3.1 90.1 78.7 76.7 .
10 11.2 59.6 53.3 69.7 'Z ;-
1 1.4 £6.9 32.0 k2.7 E
12 2.6 89.0 70.0 58.7 .
13 15.7 42.5 23.3 40.3 :
14 13.0 54.3 2.7 30. g -
15 2.0 91.6 88.7 §6.0 l 3
16 4.8 82.4% 70.7 £0.7 ¢
17 2.5 89.4 65.3 IR
18 2,0 9t.7 79.3 73.3
19 4.3 84.2 79.7 66.0 l ]
20 3.2 89.0 78.0 71.3
21 3.2 88.5 82.7 78.7 '
22 9.5 62.9 51.2 53.3 4
23 5.4 79.7 6.7 56.7
24 3.2 86.4 52.7 - l ;
25 3.0 91.9 £5.3 56.7
26 18.6 28.2 28.0 - l |
27 3.7 91.9 56.7 --- '
28 2.2 92.2 85.3 --- l
29 2.4 90.6 57.3 ---
30 3.6 88.8 71.3 - '
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PERCENT "A" PERCENT 2" INFERRED PERCEMT  ORIGINAL Penclr "
AIRMAN ANSWERS CORKECT* ANSWERS CORRECT# CORRECT ANSWERS%  CORRECT ANSWEM::§-
31 1.k 94 .6 : 94.0 94 .0 |
32 ’ 9.8 54.9 43.3 .3 i
33 ' 3.4 86.6 80.0 78.0 l ,
34 2.2 94 4 ‘ 66.0 69.3 ,
35 9.4 70.6 53.3 68.7 n
36 9.3 73.6 57.3 ' 52.6 l :
37 7.6 70.4 58.0 - g
38 © 4.6 83.5 68.7 76.0 l
39 7.8 72.0 52.7 - i
4o 1.4 52.6 36.0 - §1
l 5.0 87.2 45.3 - f
42 3.5 85.9 80.7 81.3 |
43 19.2 27.1 24.7 --- :'
kb 2.0 91,8 74.0 .- nmi f
45 8.4 65.3 ug.7 36.9 ' i
46 3.2 85.2 5k.7 k
47 3.6 88.1 75.3 .- E
48 7.3 84,2 47.3 59.3 !
ko 7.6 74.8 62.0 53.3 z
50 .5 98.0 97.3 94,0 }
51 2.4 , 93.6 66.0 63.3 ' 5
52 6.1 89.3 56.0 70.7 B
53 7.0 83.1 56.7 ---
54 3.8 84.8 71.3 70.0 l
55 12,2 51.5 37.3 36.7
56 7.4 70.3 .7 72.7 l [
57 8.1 68.7 61.3 52.0 |
58 8.0 74.3 40.0
59 2.9 92,1 76.0 --- 1
60 6.8 79.6 36.7 ﬁ ‘
61 3.0 93.1 79.3 - "IN
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AIRMAN QUALIFYING EXAMINATION-66

(VALID CONFIDENCE SCORE)

Figure 6. Relation between Air Force Qualifying Test Score and Valid
Confidence Score for 150 muitiple-choice items from experimental ad-
ministration of AQE—66 to 40 airmen.
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Airman Qualifying Examination-66 was readministered as a Valid Confidence test
to 61 basic airmen.

Adroen understood the method of confidence testing and yielded cata containing
infornation over and above that available from choice testing. There is no evidence
that confidence testing disrupted the test-taking process.

Wide individual differences were observed in airmen's ability to evaluate in-
foreation. Gbserved patterns of confidence indicate that airmen would be guessing
on about one-fourth of the items if AQE-66 had been administered as a choice test.

Confidence test administration served to increase reliability of AQE-66 to the
extent that it was equivalent to a choice test about twice as long as the current test,

Confidence test adrministration served to increase predictive validity of AQE-66
as measured by the correlation between AQE-66 and AFQT. .
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