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APFENDIX A

ON THE POOLING OF MENTAL ABILITY MEASURES FROM DIFFERENT TESTS:
A PRAGMATIC APPROACH

by

Robert E. Herriott and Andrew I. Kohen*

For some time there has existed within the psychometric literature
a general skepticism regarding the usefulness of pooling heasures of
mental ability obtained from different tests. Iﬁ particular, it is urged
(if not insisted) that investigators seeking to measure mental ability
administer the same test to all subjectis under the same highly stendard-~.
ized conditions. Yet, there are many instances in large scale social
research on geographically dispersed samples where such uniformity in
da.'ba. collection procedures is not possible. Under such circumstances
should the investigator abandon his theoretical interest in mental abil-
ity, or should he proceed in a more pragmatic fashion? -

Recently a unique opportunity erose for examining empirically the
consequences of pooling data from a large number of different tests of
mental aiility. As one part of a National longitudinal Survey of Young

Menl the'U.S; Bureau of the Census sent inquiries to 2,042 secondery

*Tnis appendix is a revised version of an earlier, unpublished paper
by the authors. Professor Herriott is Director of the Center for the
Study of Education, Institute for Social Research, The Florida State Uni-
versity. The authors wish to acknowledpe the assistance of John Grasso
end Martin Mehall in the computer processing of the data.

lThis group constitutes one of the four population samples compris-
ing the National Iongitudinal Studies (1GS) being carried out by The Ohio
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schoolsg to obtain the most receni data recarding the mental ability of
males between the ages of 1l and 24 who either were currently attending
that school or who had most recently attended it. Tﬁrough extensive
follow-ups involving both remzilings and long-distance telephone calls,
scores obtained from over 30 different tests of mental ability were
received for 3,375 of the 4,007 males for whom scores were sought.3
Presented below is & review of some ofAthe psychaneﬁric issues under-
ying the equating of scores from different tests, as well as a descrip-
tion of procedures used. to transform the available scores, and to assess
their comparability. In addition some suggestions for improving the

quality of this type of data are offered.

. Psycﬂaﬁetric Issues 0 -

In the psychometric l:l;tez;a‘l';ure an mportmt distinction is made
between tests of the same "function" and tests of different functionms.
Tests of the same ﬁixc_tion are said to be "parallel” and those of differ-
ent functions "non-parallel. " Although the definition of- function is not

always clear-cut, it is generally assumed -that alternate forms of the

State University Center for Human Resource Research under a contract

with the Manpower Administration of the U.S. Department of labor.
2Actually, the survey of secondary schools contained the 3,030 .

institutions attended by members of two samples of 1k to 2L yeer olds,

i.e., males and females. However, members of the male sample attended

only 2,042 of the schools; the remaining 988 schools were represented

in the samples only by females. Many of the 2,042 schools had pupils

in both sex ¢ohorts. The school survey instrument appears in Appendix G..
3The 1GS sample of male youth initially consisted of 5,225 respon-

dents, but scores were sought only for the 4,007 young men who (1) hed

complceted the ninth grude by Lthe time of the survey and (2) had signed

the waiver form permitiing the Census Bureau to request their scores.

ree-fourths of those for whom scores were not sought failed to meet
the firet eriterion.
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same test by the same publisher are parallel. There is far less con-
sensus regarding alternate tests by the same publisher, and even liss
regarding alternate_ tests from different publishers. If tests are par-
allel, the problem of equating scores is analogous to that of converting
centimeters to inchés or pounds to grams, i.e., a direct linear trans-
formetion of scale. If tests are non-parallel, the problem of conversion
is viewed to be.more analogous to a conversion from inches to pounds,
i.e., a far more complex process involving controversial essumptions
about the bivariete distridbution of the two variables within particuler
populations.

In considering the conversion of scores from non-parallel tests
Angoff has identified three important questions which must be considered
by the investigator:h

1. Eow similar are the tests for which comperable scores are
‘o be developed?

2. How appropriate 1s the group on whom the table of comparable
scores is based when one considers the person or the group
for whom the table is to be used?

3. How much error can we safely tolerate in the particular
. use we have in mind?

Before degigning our approach we considered each question carefully.
The tests which produced the available scores were all tests of mental
functioning, although they were identified by their publishers as tests
of "mental ability'," "intelligence," "mental maturity," "educational
ability,” etc. Since such tests as these are often used interchangeably

by educeators for guidance, selection, and placement purposes we assumed

them to be "similar" in Angoff's terms.

hWilliam H. Angolf, "Can Useful General-Purpose Equivalency Tables
be Prerured for Diffcrent College Admission Tests?" Proccedinps: 1962
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The problem of developing a table of comparable scores for differ-
ent tests requires a procedprc which tekes into account not only their
differing means and standard deviations but also their differing reli-
abilities and inter-correlations. Toc develop a meaningful table of com-
parable scores, data for the same subjects on all pairs of tests for a
series of relevant subpopulations (stratified on sﬁch important varia?les
as age, sex, and race) are required. lacking such data we had to make
the assumption that the many tests were equally reliable and perfectly‘
correlated and directed our attention solely to the matter'pf correcting
for different means and standerd deviations. As is noted below, in
spite of its "erroneous" nature this assumption did not prove particu-
larly troublesome: -

The issue of tolerable error clearly is different in the case of
large-scale social research than in the typical psychometric case. In
the tépical case the purpose of the conversion is to enable a practi-
tiocner (e.g.,.a college admission officer) to make a decision regarding
an individusl éase'(e.g., whether or not an applicant should. be admitted
to & particular coilege). In such cases éhe tolerance for erfor is
necessarily quite smell, for the consequences of error for the applicant
(although not neceésarily for the college) can be rather severe. In
social research the investigator typically is interested in the estima-
tion of meﬁsu¥es 6f central tendency for groups or in assessing analytic '
relationghips among variables, and in general such‘estimates would be far
less affected by errors in the conversion process than would individual

ccores. Thercforc, although we assumed the proposed conversion

Invitiat+-nal Conference on Testing Problems, ed. by Eric F. Gardner
(Princcton: Educationel Testing Service, 1963), pp. 57-7T3.
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procedures to contain tolerable error, we designed an analysis to assess

the reasonableness of this assumption.

Conversion Procedures
The scores ‘repoz;ted by the educational officials were in a variety
of forms. In some instances they were traditional IQ scores, in other
cases gstandard séores, and in still other cases they were reported as
percentile scores, percentile bands or stanines. In order to trensform
all scores to & common metric, information was soliéited from the various

test publishers regarding the means and standard deviations of the tests

-

reported to the Census Bureau.

As reported by the test publishers the largest number of available
scores were based upon & distribution with a mean of 100 and a standard
deviation of 16. Therefore, it was decided to use that scale as the
common metric. Accordingly, all scores reported in standard score form
based upon a different metric were converted to z-score equivalents and
then to the common metric. Scores reported in percentile form were also
converted to z-scores and then to the common metric. If percentile bands
were reported they were "centered" and then converted as .in the case of
the percentile. Scores reported as stanines were also centered and con-
verted directly. '

In order to consider the utility of estimating mental ability from
grade point averages in 190 instances where no mental ability score of
any type was reported but a grade-point-average (GPA) was, a rough
correspondence for that school between mental abi_.lity and GPA was esti-
mated from the available data, end a2 mental ability score on the common

scale w5 computed. In all cases the name of the test, and the method

of conversion was noted for laicr consideration.

-
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Assessment of Comparability

To assess the comparability of the scores derived from the various
tests and equated using the procedures described above a series of
analyses were carried out similar to those intended for the larger study
in which the scores werc to be used. Three variables known from pre-
vious research to predict mental ability were selected as predictors:
father's occupation, father's education, and mother's education. Each
of these socioeconomic measures had been developed fram responses
obtained earlier in the data collection process by the Census Bureau
through a standardized interview.with each male in the study sample;
Thus, they could be considered highly standardized across individuals.

Of the 3,375 individuals for wham test scores were available, only
2,429 were used in the analysis discussed below. The other Sk6 cases
could not be used because information on one or more of the predictors
was lacking. The data which are available suggest that relative to the
included grouﬁg the excluded group somewhat overrepresents youth from
disadvantaged socioecbnomic backgrounds. For example; the mean number
of years of schocling completed by the fatﬁers of those in the excluded
group is 9.6, as compared to 10.6 for those incl'uded.5 Thus, it is not
surprising that the‘mean mental ability score of the excluded group is
lower than that of the included group, i.e., 96.7 versus 103.4. The
consiétent direction of these differences supﬁortsﬁour belief that
excluding the 946 cases did not produce aﬁ& important distortion in our

results.

5The mean years of father's education for the excluded group is
based on 358 cases.
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In designing the analysis, seven data groups were constructed from
among the individuals whose mental ability scores were available through
the conversion process. A score from the Otis Quick Scoring Mental
Ability Test was reported for approximately 25 percent of the datea cases
and so those 635 subjects with scores on that test were treated as a
single test group. Similerly, the LL3 subjects whose scores were based
upon the California Test of Mental Maturity were treated as a distinct
group. Since both the lorge-Thorndike Intelligence Test and the
Henmon-Nelson Test of Mental Maturity ere administered by the same pub-
lisher, &nd sinée the number of subjects was relatively small in each
case, these two tests were pooled into a single test group for purposes
of the enelysis. Subjects with scores originally from.ihe PSAT, SAT,
and SCAT tests published by the Educational Testing Service were also
pooled for similar reasons.

No single test or test publisher was common to more than 20 percent
of the remaining 601 subjects and so further, but less precise, pooling
was conducted to obtain a fifth and sixth data group. In addition, the
scores estimated from GPAs were retained a; a seventh data group in
order that they be treated separately. The number of cases within each
of the seven data groups ranged from 635 in the case of those sﬁbjects
whose scores were based upon the Otis test to the 190 cases whose scores
had been estimated from the reported GPA. |

Table A-l presents the means and standard deviations for the mental
ability scores and the three predictor variables within each of the
seven test groups as well as within the total sample. There it can be
noted in particular that.different test groups have somewhat different

means on the common measure of mental ability. However, given the
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TABIE A-1
MEANS AND STANDARD DEVIATIONS BY TEST GROUP: VARIABIES

USED IN ASSESSING THE PROCEDURE OF POOLING MENTAL
ABILITY SCORES FROM DIFFERENT TESTS

Test _ ' xlb %y X3Q %,

group N Mean | S.D. Meen | S.D. Mean | S.D. Meen | S.D.
1 635 | 36.7 | 23.0 |10.7 | 3.3 11.0 | 2.7 10L.8 | 1.2
2 443 | 3.k | 23.1 [10.3 | 3.7 | 0.7 2.9 | 102.4 | 14.6
3 271 | 36.6 | 2.2 [10.8 { 3.1 | 11.2 | 2.6 | 104.2 | 13.8
4 289 | 40.7 | 22.8 |11.5 {3.2 | 1.7 | 2.6 | 108.2 | 14.9
5 379 {34.9 | 22.8 |10.2 | 3.4 | 10.8} 2.9 | 102.6 |16.3
6 190 |34.9 {24.2 | 9.9 | 3.9 | 10.0] 3.2 9%.1 | 1.3
7 222 | 36.5 | 23.7 |10.6 | 3.5 11.3 | 2.8 | 102.0 | 16.7

Total }2,429 |36.3 | 23.1 |10.6 | 3.5 | 11.0| 2.8 | 103.4 | 15.1

&Group l: Otis Quick Scoring Test of Mental‘Ability
Group 2: California Test of Mental Maturity
Group 3: IlLorge-Thorndike Intelligence Test
Henmon-Nelson Test of Mental Ability
Group 4: Preliminary Scholastic Aptitude Test
- Scholastic Aptitude Test
_School and College Ability Test
Group 5: Miscellaneous additional tests
Group 6: Ability scores estimated from GPA reports
Group 7: Test of Educational Ability
) Primary Mental Ability Test
Jowa Test of Educational Development
Differential Aptitude Test
American College Testing Program
National Merit Scholarship Qualifying Test

bFather’s occupation when the respondent was 1lb years of age,
measured in terms of the Duncan index of occupational status.

®Number of years of formal schooling completed by respondent's
father.

dNum'ber of years of formal schooling completed by respondent's
mother.

®Mental ebility score.
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similar variation among the groups in the means for the three predictor
variables these differences in mean messured mental ability would seem
to suggest variation in the socioceconocmic characteristics of the sub-
populations who are administered the Qarious tests, rather thaﬁ errors
in the conversion process. Presented in Table A-2 are the zero-order
correlations between éach‘of the thrée predictor ;ﬁri;bles and the
mental ability scores and between all pairs of the predictor variables.
In the case of fathér's occupation as a predictor of mental ability
(rlh)’ the coefficients vary between .24 and .36, but such & range is
certainly within the limits of that between father's occupation and the
other two prédictors where all measures are standard across the seven
‘test groups. Similarly the;coefficients foféfather's«educatian an&““‘“
mental ability vary between .30 and .42 and those for mother's education
and mental ability between .22 and .40, but again their range does not
seem excessive in comparison éith that ﬁoted between pairs of the three
predictors.

In order t; cqnduct a systematic test of the variations between the
different test groups, a series of multipie regression analyses were con-
ducted. Table A-3 presents the resulting coefficients and their levels
of statistical significance. Table A-4 contains statistics to test the
significance of all paired differences between the same coefficients
based upon anelyses within different test grouﬁs. The statistics in
Table A-4 were derived from e series of regression equetions in which
the regressors included dummy variables for the relevant strata (iests)
and products of cach of those dummy variables with the continuous pre-

dictor variables. Thus, for example, an eguation to test for differences
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TABIE A-2

ZERO-ORDER CORFELATION COEFFICIENTS, BY TEST GROUP: VARIABIES
USED IN ASSESSING THE PROCEDURE OF POOLING MENTAL
ABILITY SCORES FROM DIFFERENT TESTS

Coefficient® — - 5 Test zmup& - - - sT:.:;ﬁe
Tiy 30 | .34 | .32 | .36 | .29 | .32 | .24 .31
o), .32 «39 .35 .32 42 .30 .34 .36
r 27 | .36 | .36 | .27 | o | .22 | .27 .33
T1o 57 .53 .57 .50 .55 .58 .55 .55
T 41 o | .37 | .37 | o | .3 | 43 .o
Toq .56. | .58 .50 64 .63 .60 .62 .59

aSee note a, Table A-l.

bxl = Father's occupetion.

X2 = Father's education.

X, = Mother's education.

3

X), = Mental ability.
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TABLE A-4

T-RATIOG FOR INTER-GROUP COMPARISON OF THIRD-ORDER

KFGRESSIONS OF MENTAL ABILITY ON FATHER'S

"OCCUPATION, FATHER'S EDUCATION, AND
MOTHER'S EDUCATION, BY TEST GROUP

Test Group?
2 3 L 5 6 7
Test Group 12
~ Intercept 1.66 1.4 - .35 L1 7T 1.09
Father's Occupation -.14 12 -1.48 1.04 - .46 .94
Father's Educetion -.17 .19 .20 -1.28 L2 21,13
Mother's Educetion -.79 -1.k .30 -1.58 72 .21
Test Group 2
Intercept A8 -1.61 1.49 63 - .19
Father's Occupation .23 -1.28 .10 - .3k 10
Father's Education .32 .33 1.10 .Sk - .98
Mother's Education - . - .8 1.31 .78
Test Group 3
Intercept -1.51 1.00 - .68 - .31
Father's Occupation 1.31 T2 - k9 .69
Father's Education .2 -1.20 .20  =1.11
Mother's Education 1.39 - .= 1.79 1.29
Test Group 4
Intercept 2.76% .93 1.20
Father's Occupation 2.24» .73 2.03*%
Father's Education -1.21 - 19 -1,18
Mother's Education -1.49 33 - .07
Test Group 5
Intercept -1.90 -1.36
Father's Occupation -1.22 .05
Father's Education 1.38 .02
Mother's Fducation 1.93 1.39
Teat Group 6
Intercept .35
Father's Occupation 1.14
Father's Education -1.28
Mother's Education - 4o

®See Table A-1 for identification of test groups.

*Significant at .05 level,
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between the coefficients in stratum 1 and stratum 2 would take the

following form:
(A.1) xh =ag * a.lxl + ‘2"2 + 33){3 + 8D + as(nxl)
+ as(nxz) + a7(nx3) + u,

where D

1l for observations in stratum 2, and ‘

L}

0 otherwise.

The 8ix regressions of this type which were performed were much
more elaborate because they were designed to test for differences among

all of the strate. Thus, the general form of Eguation (A.l) was as

follows:
7
(A.2) Xy =gy + Xy +a X, +a X, + iﬁk 8D,
: % (@.x..)
+ T a, DX + u,
ik 3= N

where the xth stratum is the reference stratum to whose coefficients the

coefficients of the other six strata were compared.6

In general there is very little evidence which suggests that the
intercepts or regression coefficients résuiting from the analyses within
the different test groups are from different populations. Of the 8
coefficients presented in Table A-l4 (21 pairs of test group comparisons
for L parameters) only four are statistically significant at the .05
level, and in no case does the camparison between any two data groups

produce more than two coefficients whose difference is statistically

" significant. Further, two of the four significant differences are with

6See also Damodar Gujarati, "Use of Dummy Variables in Testing for
Equality between Sets of Coefficients in Linear Regressions: A General-

ization." The American St+ntistician, XXIV (December 1970), pp. 18-22.
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respect to the intercept, which given the somewhat different group means
on the three predictors suggests more a difference among the subpopula-
tions administered the different tests than among the interﬁal proper-
ties of the test scores themselves.

The campariéon between Group One (Otis test) and Group Two
(California test) is particularly interesting for these groups represent
the two most frequently reported tests for this national sample. Neither
the intercepts for these two tests ncr-any of the regression coefficients
differ‘significantly. In considering the compariéon'béfwéén Croup Three
(Houghton-Mifflin tests) with Group Four (Educational Testing Service
tests ), the same negative findings can be observed. The case in which
two significantly different coefficients occurs is that between Group
Four (Educational Testing Service tests) and Group Five (a potpourri of
little known and often only locally used tests). Given the rather dif-
ferent nature of these two test gtoups on the three socioeconomic indi-
cators (Table A-1), it does not seem unreasonasble that even on & ccmmon
test of mentai ability the Group Four intercept would be in excess of
that for Group Five, or that the regfessicﬁ coefficient for father's
‘occupetion would also vary. _

The foﬁr statistically significant peir-wise differences are de-

picted graphically in Figures A-l and A-2. Each curve on the graph

represents & normal density (frequency) function-defined by the value of

& regression coefficient and its standard error. 1In addition, eech curve
is traced out with the numeral of the stratum to which it applies. The
amount of common area unde? any two curves indicates the level of confi-
dence which we have in accepting the hypothesis that the effect of a

variable on mental ability is the same for both strata. Thus, Figure

=
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A-l clearly indicates why the hypothesis of equality of the effect of
‘father's occupation is rejected in the comparison between stratum L and
stratum 5, and in that between 4 and 7. The large common area under the
curves for strate 5 and 7 similarly indicates why the hypothesis is
accepted in this instance.7 Analogous inferences can be drawn from the
peir-wise comperisons of intercepts among strata 1, 4, and 5 &5 1llus-
trated in Figure A-2.

Allowing for differences among the data groups in sample size, it
would seem thet regardless of the particular mental ability_test from
which a common score was obtained, the relationship (as measured by the
regression coefficients) between socioceconamic status and mental ability
is remerkably similar. Although certzin coefficients are sigaificant
within some data groups and not within others, the joint effect of the
three predictor variables as measured by an R2 adjusted for degrees of
freedom is significant in all cases (Table A-3). Particularly important
is the fact that both the zero-order and third-order coefficients for
the pooled aamﬁle appear well within the limits reported in past re-

search using & single test of mental ability.

JImplications
On the basis of these results we see litile reason for social
scientists: engeged in analytic reseerch on national samples of youths or -

young adults to be reluctani to pool data -from different commonly used -

7The location of the zero point on the horizontal axis in this

graph indicates why the coefficients of father's occupation in strata
5 and 7 were judged to be insignificantly different from zero (see
Table A-3). It is clear that the arca to the right of the zero line

comprises much less than 95 percent of the area under the curve in
cach cu.e.
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tests of mental ability after first correcting for their varying means

end standard deviations. Certainly the error introduced by such a pro-
cedure for "equating" non-parallel tests seems small in comparison with
the value of having a measure of mental ability aveilable for analysis.

However, in addition to the procedures utilized in the present
study it seems desireble to attempt to make a grester provision in the
equating process than was possible in the present study for possible
varying inter-correlations between peirs of the différent tests. Theré-
fore, we suggest that instead of asking'fof data on only the most recent
test, as was done in the study upon which our analysis was besed, future
investigators obtain data oh as many of the seven most frequently used
tests of mental ability & are availabie within a school's records. Not
only will this minimize the number of different tests whose scores must
be transformed to a cammon metric, but it will also permit the estima-
tion of inter-test correlations which can be introduced as weights into
the conversion process.

In some instances the school mey not have available a score from
cne of the seven tests, bu§ may have a score from scme other test. To
maximize response, it seems advisable to ask for such & score as well.
However, since such a score will have to be handled with special care,
at the time of data processing & decision will have to be made regarding
whether or not, given the frequency of such occurrences, the objectives
of the éurvey warrant the additional cost of manually coding and trans-
forming such scorés to the common metric.

A suppested format which accomplishes these objectives is presented
in Figurc A-3. In addition, in order to assurc the relesse of test

inforrmution by school officials it is recommended that written permission
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FIGURE A-3

PROPOSED FORMAT FOR OBTAINING INDIVIDUAL MENTAL

ABILITY SCORES FROM SCHOOL RECORDS

(Name of Individual)

Do you have & record of any group administered SCHOLASTIC APTITUDE or
INTELLIGENCE test score OR national percentile for this person?

1l

X

ol 111

Yes -- continue with guestions la & 1b

No -- skip to guestion 2
. For EACH of the following tests please record the most recent

test scores and national percentiles for this person. (If for
any tests either the score or the percentile is unknown please
write "NA" (i.e., not available) in the appropriate space.)

(1)
()
(03)
(os)
(05)
(06)
(o7)

Neme of Test 3  Netional

Score Percentile
California Test of Mental Maturity (CTMM) - _%ile

Otis Quick Scoring Mentael Ability Test jd.le

lorge-Thorndike Intelligence Test T 4ile
_Henmon-Nelson Test of Mental Maturity 4ile
Kuhlmenn-Anderson Intelligence Test — %ile
Differential-Aptitude Test (DAT) - %ile

School and College Ability Test (SCAT) pooosd gile

b. If this person has not taken any of the above seven tests but
bas taken some other aptitude or intelligence test, please

give the name of the most recent test and the appropriate
scores.

Name of Test ' I  Natiomal
' Score Percentile

%ile
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for access to these data be obtained from the subject prior to the time
of inguiry and forwarded to the school at the time the request for test
data is mede,

It is ocur estimate that with a format of the type proposed in
Figure A-3 and with statements for the releese of the data, machine
transformaeble test scores can be obta.inéd for at least 90 percent of &
national sample of subjects still enrolled in school. For subjects not
enrolled in schoocl the percentage would of course be less, but in the
urban areas school officials seem to be able to retrieve test data for
persons up to 24 years of age. With thé iz-zcret:r.sed u#e of sutomated
storage and retrieval systems by other school systems, increasingly such

data should be accessible for additional subjects. et
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