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I shall comment briefly on four problems of data summary and analysis.
The construction and analysis of the concept attainment tests presented

two problems. For each subject zgtte:,'a set of 360 items exists in a completely

. crossed design; the items form a matrix ofy say,. twelve rows representing the

.twelve tas4s and tkirty columns representing the thirty concepts. ¥or'a given

individual who responds to all 360 items, this matrix can be used to represent

‘his performance by filling in each cell with a "O" for an incorrect and a """

for a'correct response. The problem of how to use such student response data

to improve items or to select the better itenms arises; this problem is not

'igdependent of ‘the problem of how to score such a set of items.

One method of deaiigg with the 360 ga%siblg responses would be tg
assume that all rESPGESES.indiﬂaté the same acaievemenf and simply sample,
at random, twenty or thirty of these responses and add the scores to yield a
single score describing concept attainment for that student in that subject
matter. This would permit forming indefinitely many randomly parallel tests

that could be administered to different individuals and/or to the same individual

~at different times. However, such a procedure rests on the assumption that the

row headings and the column headings do not designate important functional
differences. This is an assumption we wished to test, and so we used redundant

sets of scores. For concepts, thirty scores were developzd by summing the

columns of tﬁe task-concept matrixgrand, for tasks, twelve scores were developed

' by summing the rows. We réeagﬂige'thgt—these two sets of scores are not completely

independent. Also, only in the absence of éancegtstask.intefSetiéﬂs'dé the two

.gets of scores reflect the total variance in the matrix. This rédundagtiscarigg

was employed in conventional item analysis to yield, for each item, two criteriag

scores. We found no sinple and satisfactory way to. put the two Setsagi item




parazeter estimates togetner, and so we examined them ségaratély. we feel
tnat problexs of scoring and of item analysis for iteas that exist in a completely
crossed design are worthy of further iuvestigation and study. Certainly we did
ﬂ;t resolve apparent issues or solve these problems. It may be that test
dEVe;agérs vill discover more and more occasions on which the complete crossing
of content and task is appropriate; if 50, thésé problems of scoring and itea
agélysis will deman solution.
| A Eééééd problem associgted with tﬁe measurement of concept attainment
was that of determining the fgctérial structure of such item sets. It was clear
' that for any one subject matter, a three-mode analysis was ngeded ta;déscribeé
the tssk dimaasians, the concept dimensions, and the concept-task interactions.
However, we found the current programs limited in two respects. For one, most
.Hark;has,hEEn d@ﬁe cn a component-type agaiysis, as contrasted with a factor-.
type analysis. We would like to see more capabiiity for the latter. 3Second,
there are, currently, rather 5§arp limits on the product of the anumber of
instances in each of thé two modes other than individuals. We reduced this
product in two ways, by summing across the ten concepts within a sub-area and
by suﬁming asrasé tasks. Both of these analyses tended to indicate no substantial
concept-task interactions for any of the four subject matters. We recognize
- that the mé%h@és we were able to use here gave only partial answers tg;the
guestion of caﬂiegt—task'interactiﬁni sigce!ig both aﬂalyéés'heédiggs on one
Gf"tbe.diéégéiqns were aggregated.
We alsérpérfarméd can?eqfianal factor aﬂaiises for thg two sets of
‘scores for each of the four subject matter fields for both the 1970 and the

1971 data. Our intent was to apply the strategy for factor interpretation T

- that has been described elsewhere (Harris & Harris, 1971), and so we secured




3 initial and 6 derived solutions for each matrix. The derived solutions tended
to differ n‘quezegly in the numoer of common factors, Qltﬂ flpha yielding the
emallest n ;baﬁ (usually one cc mon fa 'sr) ard Harris R—Sa the largest number
with one exception. This wide discrepancy made the application of our factor
interpret: ~n strategy difficult. Apparently our strategy, which inval%es
identifying comparable common factafgg is most appragriaté when the derived
_sélutigné tend to have ap§raximatelﬁ the same number of major common factors.
This was true for the analyses of the combined concept attainment reasures gnd
of the cognitive abilities tests, and for these analyses the strategy worked
well. But within a subject matter field, the disparity forced us to ;gﬁsider
whether or not the %alu ions with several factors were everdifférentiatiﬁé_

Such a condition is suggested when the oblique salutiaﬁs have very high factor
intercorrelations, This was found to be true, and we cecncluded that a éingle
common factor charactérizing the achievement scores of a subject matter was the
most défensiple,interpfetatién. “his intérpretatiaﬂ was found to be consistent
with the laté: results in which achievement measures for the four subject matter
fields were analyze& tagether;

A third problem was that of redu21ng the battery of 56 cognitive abiliti es
tests édministgred,in 1970 to appr@ximately 20 tests, witbaut lasing major factors
that had been identified. Generally, one looks at the factor mat:;g, tries to
Llﬂd twe varlables that are of ccmplexlty one for each factnr and ch@ases those

to retain. Often—ﬁéspeclally fﬂr urthaganal derlved EGlutanEi-lt is ggt pass;ble

“to ;dentlfy two variables that are essentially of complexity: one fa: a given
factor, and it then is necessary to "campram ise. Dur decisions were made pri—

marily an,the,basis,af,the,eamgarable’éaiman faetars_and'if a variab.ie were a
possible gandidate fér 1nc1uslan, we: relled heav;ly on the regressian Eaéfflclents :
-(pattern matrix) af the cblique snlut;nns 1n declding Hhether or gat ta éhaa
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régressign coefficients 'go the étbér'wa;” so to spéak; that is, these pattern
values are regression cnefricients for estimating variébles from factors, and
not vice versa.

If we regard tnis problem of reducing a battery in sﬁén a wyy as to
retain each of tne major factors as a problem similar to that of estimating
factor scores, then one might choose from several methods Qfadevelaping the.
weights on the variables to use in estimating factors or factor scores. 5See
Harris (1967) and Tu:kér,(1971) farrrelevant analyses. Presumably tunose Varia§les
with substantial wéightsyfar Estiméting é given factor would be the ones from
which to select--providing of course that the variablé has only trivial weights
for estimating any other factor. A first prcblém is that of selecting the system
of developing thé.ﬁéightég We were influenced ﬁy Tu;kgr’s analysis that shows
that if tﬁe facﬁérs are ﬁa ve related to variables outside the set of variables
on QﬂiGh the factor analysis was done, then the "ideal variable" éf_"least
sguares' weighting rpocedure is a gééé one. If we accept this, theg.éblique
solutions which have been derived uSigg the Harris-Kaiser independent cluster
algorithm have pattern matrices whiéh-are proportional tgvthe weights for
estimating factérs; Harris (1971) has commented on this elsewhere in connection
with work done by Brogden (1969). The conclusion is to use this indepeéndent:
cluster model solution Péttern matrix as the relevant matrix to examine and
to choose variables whishraré of complexity Qﬁe;iﬁ that matrix. Our problem
was ngprsél?ed;thaﬁgeasily, however, Siﬂﬁé;ﬁ? haé found the_inﬁepegden§>§1ust§r |
algorithmn gave a certain amount of bipé;é:ity in the pattern métrix. and we bad
subgtituted-thé Harrié-ﬁaisérfA'A grapcrfianal f@ i solution. In using the pattern
!réétrix for ihiS;typg of solution as a guide to the choice of variables’ta'retain

in the second study, ue._s’i;l effect assumed. that the inverse of A‘A;ﬂas well




approximated by a diagonal matrix. It should be emphasized that this croblem
of how to reduzg a battery and yet retain the factors that have been identified
is not a trivial one.

The fourth p:ablém I shali mention is that of identifying relationships
between the battery of caace;t attainmént'ieasures ané the battery of cggnitife
abilities tests, Dif ferest attitudes may be adopted in nlann;ng a study of the

relations between two batteries; we adsmtgd an iﬁtéfbattéry avproach. In

and cthers agﬁraacﬂ the problem either by way of canonical correlation and
canonical variates when g Cﬂmyéﬂéﬂt -type solution is of interest, or by . H%y
of projecting the var;ables of khe "dependent" battery into the common factor
space of the "independent" battery when a fagtﬂrityﬁe sclutianvia’wénteég

We used candéical correlation theory for two purposes: to éerive
the squared multiple correlations for estimating each variable in one battery
from the set of variables in the other battery, and to determine the number of
significant ¢anonical correlations to give us a guide to thejgumbér of iﬂterai
hattéry factors to be extracted, At this :agglud;g, stage of the project,
we wisged'£érbevéertain:that'aur generalizations about the dimensionality. of the
relations between concept attaiﬁméﬁt and cognitive abilities would refleét
‘concern about the number of degrees of freedom available to us,

OQur experience indiﬁated ‘that the Tucker intefbattéry’Praceﬂuré
(Tucker, 1958) could readily be adaptéd to our type of study; The adgptations -
consisted of using a dlfferéﬂt test for the number of facters, securing derived
arth@gaaal solutions for the two: sets of 1nterbattery faetars that emplayéd
'thé same arthagarmal traﬂsfarmatlan, and'applying the Harrlg-xalser pragedure

- for se;u:;gg=abllque,salut;ana_tg,the\1gterb§tteryifae;ars;,‘Ihggthr337§dagtati§nsf_




Eecemed to work well and may be considered by others. In general we found that
the interbattery procedure is especially useful in that éuch factors are eas§
Lo extract and are easy to put intoe readii& interpretable form. Our rezcmmendatién
would be that if tne derived solutions are to be secured by applying the same
~orthenormal solution (or the same oblique transformation), the transformation
matrix should be developed from both sefs of factors simultaneously. This seems
likely to give more igtgrpfétablé results,-éspecially wﬁgn there is a substantial
number of variables in the smallér baitéry. We are speaking hére;_éf course,
of studies such as ours in which the twé batteries are conceptually éifferenfi
fabtér than being interchangablé, and the interest is in linking the two. ;
Our experience also indicated that the 1ﬂterbattery pracedure gave
more useful results than a canventlonal s;ngle Eglutlaa involving béth battérles
s;mu;tanagualy; Both the relative number of variables and the general 1lrf el of
correlations in the two batteries may influence the single solution; the

interbattery solution is not influenced by the intrabattery correlation level,

and may beArelativély independent of the split of the vaiiables into the two
batteries.

We also develgﬁéd the squared multiple carrélatiéns associated with
estimating variables of one battery from the ;nté;battery factor scores.
" (These factgr scores are 1mp1121t in the theary, but are net,uniqueiy ca;sﬁlabié.
The est;matlan pracedure, however, does not -depend on actually haviﬂg these

factor scores available.) We believe that thesge squaréd multlple correlations

Eh‘;\u;i havs relat1vely little shrinkage in a new study fram a similar population
of students since we used fhe slgn;f;cance test to establlsh a (p3551b1y)
canserVatlvé numher of d;me 15ions for es t;' tlng the,zrass—carrelatlans_ if;

Ea, these Equaréd multlple :arrelatlans shauld be gacd guldes ta futu:e é;pésﬁafiéné_ o
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