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ABSTRACT

The main purpose of this study was to examine the ef-
fects of differential welghting on the 1nter-marker.re11-
ablility coefficlents of essay grades.

Two procedures were used that produce weights for part
scores such that the unique contributions of the weighted
part scores to the varilance of thelr composite are in a
desired ratio. Sets of welghts wefe independently extract-
ed for the part scores of 27 mechanics markers and 21 style
and content markers, each of whom marked all of 103 indi-
vidual essay papers written by grade 12 English students.
An analytlcal grading procedure was used, resﬁlting in 6
mechanics part scores or 16 style-content part scores for
each reader on each individual essay paper. Each marker's
part scores were weighted and summed to form a welghted
composite score for each marker on each paper. The aver;
age of the inter-marker correlation coefficients_of the
welghted composites was then compared to the average of the
similar coefflicients for the urmwelghted composites. Al-
though it was found that the resulting composite scores for
each of the welghting systems had lower average inter-marker
reliablility coefficients than had the unweighted composite
scores, 1t was argued that the welghted scores were more

valld measures of written-composition skills.



A third procedure, which produced a different set of
. Weights for each marker such that the resulting weilghted
composites were maximally correlated, was also used. This
procedure resulted in weighted composites with higher av-
erage inter-marker reliability than that of the unweight-
ed composites but, in the opinion of the writer, the ﬁai
11d1ty of the resulting scores was questionable because.of
the extremely high weights given some part scores.

Other findings of the study were that the individual
markers'! weilghts showed some indication of stabllity over
time and over different essay toplics, and that significant
proportions of the individual students! essay scores shift4 
ed from one gross score classification to another when the

scores were welghted.
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CHAPTER 1
THE PROBLEM

The refinement of measurement instruments is one of
the most important tasks presently facing researchers in
education, psychology, and related flelds. The importance
of adequate measurement 1s perhaps best summed up by the
words of Horrocks (1964):

Whatever the scientific effort, the aécuracy of

the results and the extent to which the investi-

gator achlieves the ultimate objectives of his en=-

deavor depend upon the adequacy and accuracy of

the measuring instrument (pp. 55=56).

Criticisms of educational tests and testing proce-
dures have been made by workers within the fleld of educa=~
tion as well as by others. Campbell and Stanley (1963),
for example, pointed out that the adoption of Fisherian
methods by educational researchers has resulted in the use
of eiaborate statistical analysis rather than the improve=-
ment of methods of collecting the data to be analysed. On
the other hand, Travers (1958) took the stand that:

Even though the measurement techniques that have

been introduced in education are crude, they have

permitted a great expansion in our knowledge of

the educational process (p. 99).

Although Travers" statement is undoubtedly true, it shaquld
not be implied from such statements that educational meas-

urement techniques need no further refinement. The use of



better measurement combined with the use of multivariate
statistical analysis could result in even greater expan-
sion in our knowledge of the educational process.

One area of educational measurement that has been the
subject of a great deal of controversy 1s that of essay
testing. Nyberg (1966) quoted articles showing that the
contfoversy began towards the end of the nineteenth cen-
tury, soon after essay tests were first introduced on this
continent. The relliability and validity of marks assigned
to essay~ ..ve been questioned and studied intermittently
ever since that time. It has been guggested that "in any
other sclence an instrument so imperfect would have been
cast on the dust-heap (Ballard, 1925)." but Cast (1939)
replied "instead of discarding it, we may seek to improve
it (p. 258)." Noyes (Godshalk, Swineford, & Coffman, 1966,
introduction), while briefly outlining the history of the
experiences of the College Entrance Examination Board with
various English composition tests, clearly reported changes
that have occurred in the Board!s confidence in essay rat-
ings over the last three decades. Perhaps the most impor-
tant fact that can be learned from such a report is that,
despite the often~demonstrated lack of reliabllity of the
marks derived from essay questions, those involved in the
measurement of composition skills keep returning to this

type of examination question. There seems to be a
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prevalent bellef that the essay test can measure skills not
‘measurable by objective tests. Anderson (1960) pointed out
that this belief has not been empirically supported and ex=
pressed the opinion that a valid and reliable means of
measurlng these skills will not be found "for the simple
reason that different examiners disagree about the criteria
of excellence or merit to be adopted (p. 95)."

Seieral examples of measurement specilalists at varie
ous testing agencies having replaced essaylitems by objec~
tive items were cited by Stalnaker (1951). Criticisms
made by these specialists, he pointed out, deserve care-
ful consideration. At the same time, he stated:

The fact that these specialists in measurement have

devised the objective item to overcome some of the

weaknesses which they believe to be inherent in the
essay question cannot be interpreted as meaning that
the essay examination has no useful place in educa-

tional measurement (p. 498).

Much expert opinion seems to support the use of essay
examlnations despite the lack of rellability and validity
of the marks assigned to the individual papers. Some of
the reasons for the low rellablility and validity coeffi-
clents have been discussed by Braddock, Lloyd-Jones and
Schoer (1963), who mentioned four important variables en-
tering into the rating of compositions: the writer vari-
able, the assignment variable, the rater variable (tenden~

cy of a rater to vary in his standards), and the colleague
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variable. It i1s the latter variable, or inter-rater reli-
ability that is the main concern of the present study.

Two methods of marking essays appear to be in general
use today: the "wholistic" or "impressionistic" method, in
which one mark is given to the essay according to the mark-
er's overall impression, and the "analytic® method in which
marks are given separately for various aspects of the con-
tent and mechanics of the essay. Several investigators
(Coffman & Kurfmah, 1966; Coward, 1952) have studied the
inter-marker reliabilities of the two methbds and concluded
that markers can obtain the same degree of reliability with
elther method. '

Cast (1939) mentioned one problem associated with the
use of the analytic approach to grading essays:

the analytic methods, by dealing with numerous iso-

lated and possibly inessential points, may overlook

certain general qualities that characterize the es-

says as a whole (p. 264).

It was then suggested that this difficulty could perhaps be
overcome by "some kind of differential weighting (p. 264)."
but the suggestion was not clarified. If the marker has
completely overlooked some qualities it will be impossible
to rectify his oversight by differential weighting. On the
other hand, if he has simply overemphasized some qualities
at the expense of others, it may be possible to differen=-

tially weight the marks he has assigned to the various



5
qualities. Providing a suitable weighting procedure could
be found, it might then be possible to change the emphasis
of each marker so that it complied with some predetermined
specifications.

One of the findings of Nyberg (1966) was that a mechan-
ics score, made up of six part scores, contributed more to
the variance of the composite essay score than did a style=-
content score made up of sixteen part scores. He suggesfed
that, since the curriculum-makers set a pdl;cy of assigning
equal marks for mechanics and style-content. the scores on
these two marking criteria should contribute equally to the
variance of the composite essay scores. In order for the
varlance contributions to be equal, the two sets of scores
wbuld have to be transformed so that they had the same mean
and standard deviation before they were added together.

It is conceivable that Nyberg's suggestion could be
taken one step further. Since the curriculum makers also
designate a maximum mark for each of the twenty-two part
scores, 1t would be desirable to transform these part
scores so that they are contributing to the composite me=-
chanlics or style-content score in the ratio.of the maximum
scores set. The problem then, however, is not a matter of
a simple transformation in order to equate means and stan-
dard deviations. It has been shown (Richardson, 1941, for
example) that the contribution of an unwelghted variable
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depends not only on its variance, but also on its correla=-
tions with the other variables. Therefore the intercorrel=-
ations of the part scores must be taken into consideration.

The general purpose of the present study was to inves-
tigate the effects of differential weighting on the inter-
marker reliabllity coefficients of essay grades assigned |
through an analytic grading procedure. Specifically, three
approaches to the problem of differential weighting of part
scores, before summing them to form a composite score, were
used. Two of the procedures (Creager & Valentine, 1962;
Guilford, 1965) are designed to weight component variables
so that the welghted scores will contribute to the variance
of thelr composite in a predetermined ratio. The third
procedure (Horst, 196ia, 1961b, 1965) is designed to maxi-
mize the sum of the correlation coefficients between
weighted linear composite scores. To the writer's knowle-
edge.none of these procedures have been applied to part
scores assigned by essay readers.

The problems studied were:

1. Would the average of the inter-marker reliability
coefficlents be increased by any of the weighting systems?

2. Would it be possible to weight the part scores by
the Horst procedure and then re-weight by the Creager-Val-
entine or Gullford procedures, and thus find a set of
weights that would result in both a high mean reliability



coefficient, and variance contributions of part scores
that contributed to the composite variance in desired
ratios?

3. Would the Creager-Valentine and Gullford welghts
derived for each marker be stable over time and over dif-
ferent topics?

4. Would the Creager=Valentine and Guilford weights
be stable over different topics marked at the same time?

5. Would a significant number of essays be affected
with respect to gross grade categories by transformations
designed to equate the mean assigned scores of all markers?

6. Would a significant number of essays be affected
with respect to gross grade categories, when weighted by
any of the three weighting schemes? '



CHAPTER 1II

RELATED LITERATURE

Regearch in Written Composition
Much of the research in the field of measurement of

composition sklills has been concerned with the effective-
ness of varlous scoring procedures that may be employed in
the grading of essays. i

Cast (1939, 1940) studied four different grading pro-
cedures: the readers! own individual marking methods; mark-
ing to see how well the ailms of the writer were achleved:
marking by general overall impression; and the analytic
marking method. It was concluded that the general impres-
sion and analytic procedures were the best because they re-
sulted in the most stable marks (average inter-marker reli-
ability coefficlent) and the largest first factor (percen-
tage'of variance accounted for) when inter-marker correla-
tion coefficients were factor analysed. The average be=
tween-marker correlation coefficleﬁt, a statistic often
used as an estimate of inter-rater reliability, was highest
for the analytic method (.492), and second highest for the
general impression method (.485). In comparison, the mean
coefficlents for the individual and the achievement of aims
methods were .479 and .439 respectively. It may be noted
that the individual method differed little from the analytic



and impressionistic methods on this statistlc. Cast re=-
ported that discussion with the readers indicated a rea-
son for the similarity; individual methods were essential=-
ly individual variations of the analytic and impression=
1stic methods. Since the same 12 markers were used suc=-
cesslvely to mark the papers by each of the four methods,
the results of this study are open to criticism with re-
spect to order effects. The order wﬁs: individual, achieve-
ment of aims, general impression, and analytic. There was
a tendency for the inter-marker correlation coefficients to
increase with successive methods and it may be argued that
the order of methods among markers should have been randome
ized. Cast anticipated such criticisms and answered them
by stating that the intervals between marking sessions were
long (8 weeks to 2 months), the papers were marked in dif-
ferent orders each time, and the markers reported that they
did not remember the marks previously assigned. Since the
concern of the study was between-marker reliability, a more
important question might be, "did the markers have the op-
ortunity to communicate with each other between marking
sessions, and what effect could this have had on the fole-
lowing marks?¥

Morrison and Vernon (1941) compared a marking proce-
dure proposed by Steel and Talman (1936) (ST) with a me=-
thod that was a combination of the impressionistic and
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analytic methods (IA). The IA method appears to have been
similar to Cast's (1939) individual procedure. In the ST
method three columns are ruled off in the margin of the
paper. In the first column, minus signs are placed oppo-
site words or idioms that are incorrect, misleading or un-
intelligible, while plus signs are placed opposite words
or idioms that more readlly, or more preclsely reveal what
the author has to say than if he had:expressed himgelf dif-
ferently. Words or idioms that are merely'sufricient and
correct receive no mark. Similarly, the second column is
used to mark sentence structure, and the third to mark sen=
tence linking. Morrison and Vernon found no difference be=
tween the average mark-re-~mark rellabilities of the two me-
thods (ST: .860, IA: .859) but mentioned that markers using
the ST method expressed unfavorable opinions of the method.

Wiseman (1949) reviewed the results of a marking
scheme involving four markers who used an impressionistic
procedure, and showed that such marking could result in
highly reliable aggregate scores (mark-re-mark r's of .946
and .918 reported). He argued that the four readings took
about the same time as one analytic reading and the resulte
ing aggregate mark was more reliable and valid than the re-
sults of one analytic reading.

Coward (1952) compared the atomistic (analytic) and

wholistic methods of grading on a three hour examination
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composed of four essay questions (essay examination in Eng-
lish Composition from the examination for the Foreign Ser-
vice, 1949). The atomistic markers graded on material, or-
ganization, spelling, punctuation, grammar, diction, and
rhetorlic. The wholistic readers were asked to judge "bold=-
ly, decisively, and rapidly (p. 83)" on a ten-point scale.
Eight atomistic and eight wholistic readers graded a random
sample of 100 papers. Two readers using each method were
assigned to each of the four questions coﬁprislng the test.
The two atomistic readers agreed more élosely than did the
two wholistlc readers for each of the four topics (mean cor-
relation coefficient of .70 as compared to .54), but Coward
concluded that the two methods would not have differed in
between-marker reliability Af the wholistic readers had
spent as much time on each paper as was spent by the atom-
istic readers. This éonclusion was based on reliabillity
coefficients estimated, by the Spearman-Brown formula, be-
tween two lengthened wholistic readings. Since this for-
mula 1s based on the effect of increasing the number of
scoring units that are summed in calculating the total test
score, and equality of the standard deviations of the part
Scores as well as equality of part score intercorrelations
are assumed in its use, Coward's use of it should be in-
terpreted with caution.

In a study of the American History Advanced Placement
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Examination, Coffman and Kurfman (1966) reported that
Analysis of variance procedures revealed significant
effects attributable to differences in standards a=-

mong the four readers, to differences in standards
from day to day, and to fluctuations in standards of

i1ndividual readers from time to time during the read-
ing period (abstract).

Their study was designed so that differences between ana-
lytic and wholistic methods of essay reading, with the same
readers using both methods, could be examined. Although
they stated that "any tendency for the rank order of papers
to differ more from reader to reader when the holistic
rather than the analytical method is used may be considered
negligible (p. 11)." the authors reported no correlation
coefficients in support of this statement. The analysis of
variance could only show that there was no significant dif-
ference between the mean scores of the two methods.

Aside from the studies mentioned above, which deal
primarily with differences between different grading meth-
ods, most of the studies in the area of essay reading deal
with reliability and validity of the scores, and readers.
In a comprehensive review, Braddock, Lloyd-Jones, and
Schoer (1963) listed 504 studies that have been made in
the general area of written composition. Many of these
studies were concerned with the reliability of graders,
and the conclusion reached by Braddock et al. was that
high reader reliabilitles are possible. As support for
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this conclusion they quoted four studies in which reliabil-
1ty coefficients of from .77 to .96 were reported.

Starch and Elliot (1912) studied the reliability of
English grades in general and found a wide range of marks
(up to 40 marks out of 100) assigned to the same paper.
They used three different groups of readers: 142 English
teachers, 86 students in a course on the teaching of Eng-
lish, and 98 students in an educational measurement course
(mainly superintendants and principals). The'ranges of
marks for the three groups of markers were about the same,
but the students and the teachers who were from small
schools tended to grade more lenlently than did teachers
from large schools and the superintendants and principals.

An average correlation coefficient of «738 was found
between six markers by Finlayson (1951). BHe stated that
marker consistency should not be the only criterion used
to eétlmate the reliability of essay grades and pProceeded
with several other analyses. A centroid factor analysis
of the matrix of correlations between markers Yielded only
one factor, with marker loadings ranging from .779 to .901.
Also reported were: average mark-re-mark correlation coef-
Ticlents of .937 and .941 for the sums of four markers'
grades on two different essay topics (individual's mark-
re-mark r's ranged from .731 to .966); an average reliabile

ity coefficient of .691 between the grades assigned to two
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papers written by the same students one week apart; and a
reliability coefficient of .786 between different readers
and different topics. In the latter case, two different
sets of markers (three markers in each set) read the two
sets of papers, and thus the reliability coefficlent was
being estimated between different toplcs and different
readers. In an attempf to establish whether or not the
scores had validity, Finlayson calculated the correlatioh
coefficient between essay grades and teachers! estimates
of the pupils! performance in English (.776) and the Moray
House English test (.755). An analysis of variance indi-
cated that the performance of children varied significant-
ly from one essay to another and Finlayson concluded that
the performance of a child on one essay topic is not a re=-
liable estimate of his ability in written composition.
There were also significant differences between markers.
Torgerson and Green (1952) in a factor analytic study
of 38 individual essay papers found that the first centroid
factor extracted from a matrix of correlation coefficients
between 20 readers accounted for 67 percent of the total
varlance but that there were three other factors present.
The papers were marked in two parts so that a style score
made up of five part scores and a material and organization
score made up of three part scores were found. The markers

who had the highest loadings on the second factor had the
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highest correlations between their style and material
scores. Aside from sex differences in factors two and
three, no other interpretations were found possible. Tor-
gerson and Green were interested in studying the dimensione
aliﬁ& 6f the correlation matrix and in evaluating factor
analysis as a procedure for constructing and evaluating a=
chievement tests. They concluded that the strong first fac-
tor indicated a considerable agreement among readers and
that the factor analytic procedure should be of great value.

Two studies were reported by Huddleston (1954). The
object of the first was to determine whether ability to
write, as defined by ratings of writing ability, could be
more reliably measured by objective English tests than it
could be measured by essay examinations. The variables
used included: an objective English test with 27 items de-
signed to measure punctuation, 33 to measure idiomatic ex-
preséions, 47 to measure grammar, and 70 to measure sen-
tence structure; three twenty-minute essay questions; a
paragraph revision test; a verbal test made up of anto-
nyms from the College Entrance Examination Board<Scholas-
tic Aptitude Test (SAT); English course grades; and rate
ings of English instructors. The subjects were 413 fresh-
men from 16 different English classes at 5 different col-
leges. In order to estimate the reader reliabilitles of

the essay and paragraph revision tests, a random sample of
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papers was selected and each paper read by two different
readers. The correlation coefficients between readers were
found to be .78 for the essays (scores made up of the sums
of the marks from the three essays), and .83 and .59 for
the two paragraph revision questions. It should be noted
that the sample for the second paragraph revision test was
rather small (38 papers), while those for the first para-
graph revision and the essay‘questlons were larger (89 and
122). The smaller sample could possibly have resulted in
a restriction of the range of the marks and thus a smaller
correlation coefficlient. Kuder-Richardson formula 21 coef=-
Tlclents were used as estimates of the reliabilities of the
objective English and the verbal tests, and these coeffi-
clents were found to be .93 and .85 respect;vely. Each es=
say paper was rated for: material and organization; spell-
ing; punctuation; syntax; vocabulary; and sentence struc-
ture. The correlation coefficients between the total
scores of the three essay questions were found to be .41,
A1, and .32. Using the Spearman-Brown prophecy formula it
was found that an essay test composed of three equivalent
twenty-minute essay questions, correlating .41 with each
other, would have a reliability of .68. Writing three e
qulivalent essay items would, of course, be an extremely
difficult task. The essay test (3 essays combined) was

found to be the best predictor of course grades (median of
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r's for the 16 classes = .43), followed by the verbal test
(median r = .38), objective English test (.34), and para=-
graph revision (.23). For predicting instructors! ratings,
however, the best predictors were the objective English and
verbal tests (median r's both = .43) followed by the essay
test (.34) and paragraph revision (.27). Huddleston con-
cluded that the essay test had a language ability compon-
ent as well as a verbal component.

In the second study, Huddleston used a total of 763
high school students (due to missing data N's varied from
variable to varlable), and the following variables: objec-
tive English test--45 of the items from the original test,
chosen by item analysis of the first study results; essay
test-=one of the essays from the original study; paragraph
revision test=--same as in original study; scores on the
verbal sections of the SAT; high school instructors! rat-
ings; and high school English course grades. The relia-
bility coefficlents for the objective English Test and SAT
verbal were .78 and .96 respectively (odd-even correla=
tions corrected by Spearman-Brown formula). In this study,
15 readers read each of the paragraph revision questions,
and 39 read each of the essay papers. The "approximate true
score®™ of a paper was defined as the average score assigned
by readers, and individual readers were judged to be reli=-
able to the extent that thelr scores were similar to the
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true scores. A method devised by Tucker (Huddleston, 1954,
PP. 191-192), was used to estimate reliability coefficients.
The square of the correlation coefficient between an indi-
vidual reader's scores and the true scores was used as an
estimate of the readert's reliability. For the essa&, the
average reader reliabllity was found to be .62, as compared
to «81 and .84 for one paragraph revision question (2 dife-
ferent sets of markers), and .69 and .72 for the second
paragraph revision question. The paragraph revision test
had low correlation coefficients with other variables and
Huddleston concluded that it was uncertain what was being
neasured by the test. The verbal test was found to be more
closely related to writing ability than were any other varie
ables, correlating .76 and .77 respectively with the two
criterion measures: instructors® ratings, and average Enge
lish grades. For the instructors'-ratings variable all ine
struétors made lndependent ratings of their students on two
different occasions and the reliability coefficients as es-
timated by Spearman's rhos ranged from .86 to .999. The
two criterion variables were highly related (r = .82). A
method of multiple~regression ad justment devised by Tucker
(Huddleston, 1954, p. 194) was used in order to equate cri=-
terion~variable scores of subjects from different English
classes. Multiple linear regression analysis was used in

order to study the components of writing ability and it was
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found that the other variables falled to add appreciably to
the proportion of writing-abllity variance predictable from
the verbal test alone. The zero order correlation coeffl-
clents between verbal test scores and the ad justed scores
on the two criterion measures were found to be .76 (instruc-
tors! ratings) and .77 (average English grades), while the
roefficlents of multiple correlation with all predictors
were .79 and .80 respectively. In the second study, un-
like the first, it was found that essay scores were more
highly correlated with verbal than with objective English
scores. Huddleston concluded that ability to write was
nothing more than verbal ability and that the best estimate
of such abllity 1s the verbal score of the Scholastic Ap-
titude Test.

A series of articles (Peel & Armstrong, 1956; Fenfold,
1956; Pidgeon & Yates, 1957; Wiseman, 1956) were written on
the use of essays for eleven~plus selection in England.

In the first article, Penfold (1956) described a study
in which 15 readers each graded all the essay papers write-
ten by 165 candidates. An analysis of variance technique.
indicated that markers! means differed significantly. Some
errors of interpretation of this data have been pointed out
by lLewley and Pilliner (1957).

Peel and Armstrong (1956) in the second article of the
seriles reported a study that was largely correlational in
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nature. They showed that a criterion variable of Grammar-
school teachers'! assessments of performance was more highly
related to an objective English test (Moray House: average
of the r's of 11 schools = .47), than to an English com=
position (essay) test (average r = .44) or an intelligence
test (Moray House: average r = .40). Using a combination
of the teachers' assessments of performance and grades in
a modern language as a criterion variable, it was found
that the best combination of two predictors was the essay
plus the intelligence test for six of the eleven schools
involved. The authors reported that in eight out of the
eleven schools there was a fall of .03 or less in "maximum
prediction” when the objective English was eliminated from
the prediction. Maximum prediction appears to have been
defined as a multiple correlation coefficlent rather than
as its square which 1s usually used as an index of propor-
tion of predictable variance.

The third study of the series was that of Wiseman
(1956), who supported Finlayson's (1951) contention that
marker consistency should not be the sole criterion of es-
say rellabllity and, in order to examine test-retest reli-
abllity, had each student write two papers. The same four
readers graded both sets of papers and the correlation co-
efficlents between the two sets were found to be .772, .803,
+796, and .816 for the four markers. . A correlation
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coefficient of .894 between aggregate marks on the two sets
(presumably the  sum of the four grades assigned to each pa=
per) was also reported. Since it was found'that the sample
had a restricted range on the Moray House English Test (low
standard deviation compared to that of the standardization
sample) it was assumed‘that the same restriction would oce
cur in the essay scores. A correctioﬁ for restrlcflon of
range was therefore applied to the aggregate mark correla-
tion coefficient, ylelding a corrected coefficient of .923
which was considered to be adequate as an estimate of test-
retest reliability. This use of the correction is, however,
a questionable procedure since it was assumed that the stan-
dard deviation of the essay marks should be the same as
that of the Moray House exam. Since the sources of vari-
ation in essay ratings are likely to be very different from
those of an objective examination, this assumption is like-
ly tb be unwarranted. Wiseman also attempted to estimate
the validity of the tests but admitted that his criterion
varlables (school results, estimate of overall school at=
talnment, and estimate in written English) were unsuitable.
Pidgeon and Yates (1957), in the final study of the
series, had 254 students write essays on three different
topics on fhree different occasions, and then had them
write an additional paper on the first topic. The seven
readers used in the study each marked papers on each topic
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and also re-marked the original papers that they had marked
on fhe first topic. Two readers graded each paper. One of
the findings of this study was that there were two group=
ings of markers with respect to mean assigned scores=—-a
high group and a low group. There were significant differ-
ences between the means of markers from different groups
but no significant differences between means of markers
within each group. The upper group consisted of the two
female markers and the lower group of the five male markers.
Pidgeon and Yates also found that there was a practice ef=-
fect on the essay papers, that is, that mean grades in-
creased for each subsequently written set of papers. That
this increase was a function of the students! papers, and
not of a tendency for readers to grade more leniently, was
indicated by the fact that in re-marking the first papers,
after marking papers on other topics, readers gave lower
mean‘scores thah they had previously given to the same ra-
pers. Analysis of variance procedures were used to esti-
mate the reliability coefficients, shown in Table 1, for
the essays and for a more objective English test. The
items of the latter "were of the creative response type
(p. 38)" but “Some of them admitted to such a restricted
range of correct answers as to allow a nearly objective
form of scoring (p. 38)." The authors also éxamined the

validity of essay and objective English tests using as a
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criterion the order-of-merit estimates made by the heads
of eight schools on a total of 437 students. The correla=-
tion coefficient between the criterion and the objective
English test was .724 as compared to correlations of .578
and .549 for two essay topics.

Table 1
Rellability Coefficients Reported by Pidgeon & Yates

Type of Reliability Essay Objective
Question Test

Different examiners marking
same papers 815 «979

Same examiners re-marking
same papers «866 .985

Same examiners marking same test
questions written a second time 766 «850

Different examiners marking same test
questions written a second time o719 845

Remondino (1959) like Torgerson and Green (1952),
used factor analysis in an attempt to study the manner in
which readers discriminate between essays. Unfortunately,
the article does not clearly present the procedures used
for some parts of the analysis. This lack of clarity may
result from the fact that the article cited herein is a
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translation of the originall. A total of 17 variables,
'~ 1dentified by teachers as useful in the grading of»essays.
were ldentified. A team of four teachers and six none
teachers (of "average educational ability") read 230 com=
positions written by 15 and 16 year old boys attending
courses in a vocational school. Eéch paper was rated for
each of the 17 variables on a three point scale. It would
appear that, for each marker, a matrix of correlation co-
efficients between pairs of the 17 variables was then ana-
lysed for clusters of the variables, by the method of B co-
efficlents (Holzinger & Harman, 1941, pp. 23-34). The data
for this analysis were based upon "about one=third of the
essays chosen at random (p. 244)." The clusters were quite
similar for all markers and there appeared to be no system-
atic differences between teachers and non-teachers. Remone
dino then asked three of the four teachers to each read all
230 ﬁapers, calculated matrices of intercorrelations be-
tween the 17 part scores for each marker, and found "a sin-
gle average matrix (p. 246)." which was factor analysed by
the centrold method with an oblique rotation. This analy-
sls resulted in four factors which were very similar to the
clusters found in the initial stages of the study. The
four factors were labeled: graphic representation, language

1Paper presented at the International Congress of
Applled Psychology, Rome, April, 1958.
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usage, content and arrangement of the essay, and personal
aspects (maturity, originality, imagination, etc.) of the
essay.

Anderson (1960) used an analysis of variance technique
to examine differences between Testing Occasions (TO), Marke
ers (M), Tests (T), and Marking Occasions (MO). Subjects
were 55 grade eight students and they were administered two
forms (A and B of Level 3) of the Cooperative Test Divi-
siont's STEP Essay Test, one in the morning; and one in the
afternoon-bf the same day. On three other testing occa-
slons, at weekly intervals, subjects wrote essays on the
same two topics so that each wrote four compositions on
each form, on four different testing occasions. Three
readers “well practiced in using the marking schedule (p.
97)" graded the essays on a seven-point scale. The anale
ys8is of varlance showed significant differences (.01 level)
for TO, M, and T main effects, and for the M x MO interac-
tion. No other differences were significant at the .05
level. Anderson concluded that the STEP Essay Test had not
reduced into insignificance the wvariabllity attributable to
'well-known sources in the marking of essays-~composition
fluctuation, the unrepresentativeness of essay-samples, and
discrepancies among markers (p. 101)."

Validity of essay ratings was the main concern of

Young (1962). Teachers in three schools were asked to
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assign three essays to their students, and to have each pa-
per marked by three members of the school faculty, so that
nine judgments of ability in written composition resulted
for each student. The essays written as part of the eleven-
rlus classification examinations were then used in order to
equate the marks assigned at different schools. The eleven=
plus papers were marked by placing them in order-of-merit,
using Wiseman's (1949) impression method with a slight
change of emphasis. Since several markers rated these Pa=
pers, each'marker's ranking was fitted to the normal curve,
then rescaled to scores having mean 100 and standard deviae
tion 15. Each teacher's scores (sums of the nine judgments)
were then scaled in accordance with the distribution of
scores of his puplls on the classificatlon essay. Using
the grades that 121 students achieved the following year in
grammar school as a criterion variable it was found that
the validity coefficient of the teachers! ratings was of
the same order (.70) as marks from standardized arithmetic
(+71) and English tests (.74), lower than that of a verbal
reasoning test (Moray House) (.87), and higher than that of
the eleven-plus classification essay (.42). The validity
coefficient based upon a sum of verbal reasoning, arithme-
tic, English, and the teachers' essay marks was found to
be .93. Once again the criterion variable was the grammar

school grades.
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In order to study the validity of marks assigned to
essays by reéders using the general impression marking
technique, Britton (1963) collected five pleces of written
composition from each member of a sample, representative
by grade, of eleven plus candidates (168 subjects drawn
from 692 candidates). Each plece was independently graded
by two examiners and the resulting marks were used as a
pooled assessment of the student's ability level in writ-
ten composition. Eight other examiners then marked the
eleven-plué compositions by rapid general impression on a
20 polnt scale. In addition, one of the eight markers was
subsequently asked to give each paper a mark for mechani-
cal accuracy based upon about the first 300 words. Each
eleven~plus paper was also marked by one of the two offi=-
clal eleven-pius readers using an analytic procedure. High
validity coefficients (r's with pooled assessment) were
found for the impressionistic graders (.76 for a randomly
selected group of three markers; .81 for another set of
three markers' scores, with the mechanics scores added to
them). The coefficient found for the analytic markers was
«71. Consistency of marker ratings as shown by marke-ree
mark correlation coefficients ranged from .74 to 95,

Diederich (1966) reported a study® in which 300 papers

2D1eder1ch, P. B., French, J. W., & Carlton, S. T..6§ggp
tors in Judgments of writing ability. Research Bulletin 61=15
(out of prinfi. Frinceion: Educational Testing Service, 1961
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were graded by 60 readers from six different fields. They
were asked to sort the papers into nine piles in order of
general merit. None of the 300 papers receilved fewer than
five different grades and 101 received all nine grades.
The average correlation coefficient between the 60 readers
was .31 and between the English teachers was 1. The ma-
trix of between-readerAcorrelation coefficients was factor
analysed and the conclusion reached from the results was
that the readers were responding to differént qualities in
the papersQ Since five factors were found and défined, it
was suggested that readers should be asked to grade papers
on the five defined components. When this marking scheme
was later tried out in three large high schoels, factor
analysis revealed only two factors, which were labeled gen-
eral merit" and "mechanics®™. No reliability coefficients
were reported for this data. The present writer feels that
reliébility should have been higher since markers were give
en specific criteria on which to rate papers.

Nyberg (1966), in a factor anmalytic study of marker
ratings, used 103 essays written by twelfth-grade Alberta
students as part of the Alberta Department of Education,
High School and University Matriculation Examinations Board,
Departmental Examinations. Twenty-seven readers graded the
essays on 8ix mechanics variables and twenty-one different

readers graded the eesays on sixteen style and content
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variables. Principal axis factor analysis of the intercor-
relations of style-content readers, with quartimax rota-
tion, revealed three factors. Sixty-two percent of the to-
tal variance was accounted for by the first factor, on
which all readers had loadings of at least .64. The reli-
abllity of the style-content readers (average between-mark-
er correlation coefficient) was found to be .595. Those
readers having loadings of at least .80 on factor I and
whose mean scores fell between 64.01 and 70.73 (within 3
standard error of measurement units of the overall mean of
67.4) were judged to be suitable readers and the average
correlation coefficient between these readers (9 in all)
was «73. A similar analysis of the mechanlcs markers!
scores revealed a first factor accounting for 77.8 percent
of the total variance and all first factor loadings were
+80 or greater. The average between-marker correlation CO=
efficlent was found to be 768, but the markers' mean as-
signed scores varled a great deal (from 40.0 to 72.4 on a
175 point scale). The mean correlation coefficient between
the 19 markers classified as suitable was found to be .81.
Nyberg also found that, when scores were totaled, the me~
chanics scores contributed much more to the composite vari-
ance than did the style-content varilables.

In the second part of his study, Nyberg factor anale-

¥ysed a matrix of correlation coefficients between essays!?
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true scores, in order to study the papers themselves. True
scores were defined by taking the average of all markers?
scores on each of the marking variables, and then summing
these average part scores for each paper. . Three resulting
factors were interpreted. Papers with high loadings on the
first factor were those with a high level of proficiency in
the higher aspects of mechanics (word usage, sentence er-
rors and grammar). Papers with high loadings on the sec=- _
ond factor showed agreement (high r's) between the mechan-
ics and style-cohtent part scores, while those loading on
the third factor showed lack of agreement between these two
groups of part scores.

In a third factor analysis, this time of the true
scores of the marking variables, Nyberg found that varia-
bles used to rate general impression in style and content
loaded highest on the first factor, higher mechanical
skilis variables loaded highest on the second, variables
related to.the plan of the essay loaded highest on the
third, and four other factors were defined by the one vari-
able loading on each: fornm, handwrit;ng, punctuation and
spelling.

Godshalk, Swineford and Coffman (1966) studied the re=-
liability and valldity of wvarious types of questions de~
signed to measure writing ability.

The criterion measure for the validity study consisted



31
of five samples from each of 646 grade 11 and 12 students!
written composition (5 common topics), graded by 25.exper1-
enced readers who used a wholistic method. The students
"represented both public and independent schools of vari-
ous sizes 1n cities and smaller communities, and in all
commonly listed major geographical areas of the country
(pe 9)." The samples of writing were each scored independ-
ently by five different readers on a three point secale, pa=-
rers being distributed to readers such thﬁt all readers |
graded at least one paper produced by each student. These
scores were then summed (thus the score for each paper
could range from 5 to 15, and for each student from 25 to
75) and score and reading rellability coefficients of the
resulting scores were estimated from the results of a three~
factor analysis of variance (Students x Topics x Readings).
Based upon the total scores, an estimate of relliability of
readings, of .921 was found by

Students Mean Square - ror Mean Square
Students Mean Square

and an estimate of reliability of scores of .841 by

Students Mean Square - Student x Topics Mean S uare
Students Mean Square

Single topic reliability coefficients based upon five read-
ings, as estimated by analysis of variance ranged from .739
to .777. The analysis of variance also revealed a signifi-

cant Topic effect indicating that the asslgned grades
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varied significantly from topic to toplc, and a significant
Reading effect indicating that grades varied significantly
from reading session to reading session. Examination of
readlng session means indicated that the latter effect re=-
sulted from a "more generous" grading in the first session.
A significant Student x Topic interaction effect was also
found, indicating that different students did better on
different topics. .

In order to further examine the reliablility of the
criterion essays, Godshalk et al. calculated average cor=-
relation coefficients between single readingc ﬁithin each
topic (.361 to .411), and between topics (.221 to .308), as
well as correlation coefficients between total scores on
the five readings of each topic (435 to .592),

As a result of this study of'a written-composition
criterion measure consisting of the sum of scores from five
samples of writing, Godshalk et al. recommended the use of
multiple readings, rather than the use of methods designed
to increase the rellability of single readings.

After having established the reliability of the cri-
terion, Godshalk et al. used the following ‘as measures of
writing ability and tried to validate them against the cri-
terion.

1. paragraph organization questions (scrambled sen-

tences, to be rearranged)
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2. objective test of English usage

3. sentence correction exercises

k. prose groups (paragraphs with a sentgnce missing
and a cholice of four sentences to add where the sentence
is missing)

5. error recognition (indicate which of four classes
of errors, if any, occurs in a sentence)

6. construction shift (decide additional changes ne=-
cessary 1n a sentence when a specified change is made)

7. & 8. two interlinear exercises (re-write poorly
written material)

9. Scholastic Aptitude Test (SAT) and Preliminary
Scholastic Aptitude Test (PSAT)

The six objective English tests (variables 1 through
6) had correlation coefficients of 458 to .707 with the
criterion and the two interlinear exercises had coeffi-
cients of .644 to .668. Godshalk et al. also calculated
valldity coefficients for various combinations of the vari-
ables taken three at a time, and these ranged from .706
(variables 1, 4, and 8) to .767 (variables 2, 6, and 8).
They concluded that objective questions designed to meas-
ure writing ability were valid when evaluated against a re=
liable criterion. They attributed the difference between
their findings and those of Huddleston (1954) to the use of

a more reliable criterion variable in their study.
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In order to estimate the validity of a twenty-minute
essay as one item on a test of written composition, God-
shalk et al. tried using one of the criterion essays as a
test varlable, thus reducing the criterion measure to the
sum of marks on four essays. Différent combinations of,
elther one of the interlinear exercises or one of the es-
says, with some of the objective tests plus the verbal
score from the PSAT or SAT were formed. It was found that,
in all cases, a combination including an éssay resulted in
a higher multiple correlation coefficient with the four-es-
say criterion than did the same combination with an inter-
linear exerclse replacing the essay (.733 to .796 as com=
pared to .712 to .757).

One year later, Godshalk et al. carried out an exten-
sive field trial of the reading of a sample of 533 of the
original papers (individuals for whom PSAT scores were ae-
vailable) by 145 readers. Each raper was read either four
or five times and some readers used a four point scale
rather than the original three point scale (there had been
some indication in the previous study that, when in doubt,
readers tended to use the middle category). 1In general,
the reliability coefficients found for the field trial were
higher than those for the original readings, and those for
the four point scale were higher than those for the three
point scale. The higher validity coefficients on the field
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trial were attributed to the larger number of readings of
the essays. Correlations between scores based upon five
original readings of an essay and the four-essay criterion
ranged from .508 to .658, while those between scores based
upon four field trial readings ranged from .542 to 640,
an average of .011 higher. Thus the authors concluded that
there was no loss in validity in moving from the experlmen-
tal to the field trial readings.

The main conclusions reached by Godshalk et al. were:

1. The reliability of essay scores 1is primarily

a function of the number of different essays and

the number of different readings included (p. 39).

2. When objective questions specifically designed

to measure writing skills are evaluated against a

reliable criterion of writing skills, they prove

to be highly valid (p. 40).

3. The most efficient predictor of a reliable di-

rect measure of writing ability is one which in-

cludes essay questions or interlinear exercises

in combination with objective questions (p. 41).

To find out whether or not reader reliabilitles would
be as high as those found by Godshalk et al. when 80,000.
papers were being read over a five day period by 145 read-
ers, was the purpose of a study by Myers, McConville and
Coffman (1966). The essays were read wholistically and as-
signed grades of from one to four. A sample of twenty-five
papers was selected and each day 25 of the markers were

randomly selected to rate this sample of papers along with

the other essays they were to read. Readers did not know
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which papers were to be used in the study. An analysis of
variance procedure was used to estimate the average correl-
ation coefficient between judges by comparing the variance
between papers with the variance within papers. The Spear=-
man=-Brown formula was used in order to step down the resulte
ing coefficients and thereby estimate the reliability of a
single judgment. The resulting coefficients for the five
days were 466, .364, 493, 476, and .264 respectively.
When these coefficlients were stepped up 1h‘order to esti-
mate the reliability of four readers, the coefficients rang-
ed from .589 to .795. In order to see if the markers had a
small number of points of view with respect to grading, the
matrix of covariances between papers was factor analysed
and a varimex rotation used. Four factors were extracted
and it was found that the poor paperé tended to load on one
factor while the good papers loaded on a second factor. No
attempt was made to define the four factors but the authors
argued that the factors represented different points of view
in the relating of grades to the quality of the papers. It
should be pointed out that in using the Spearman-Brown for-
mula, the researcher assumes that the additional marking
units are equivalent to the original units. This assump-
tion may be difficult to justify in the case of additional
readings of essay papers.

A study by Bracht and Hopkins (1968) raises some



37
questions about the assumption that written compositions
measure skills not measurable by objective tests. The a=-
chievement of 279 college sophomores in a course in Educa-
tional Psychology was evaluated, at the end of each of two
units of the course, by essay and objective examinatlons,
allowing equal testing times for each type of test. The
four instructors in the course graded the papers in their
usual manner and subsequently participated in an extensive
evaluation of 100 randomly selected paperé. The objective
tests consisted of multiple cholce items. Kuder-Richardson
formula 20 reliability coefficients of .40 and .50 were
found for the two objective tests (24 items each) and
Spearman-Brown estimates indicated that 60 item tests would
have reliabilities of .63 and .71. An analysis of variance
approach was used to estimate the'reiiabllity coefficients
of the original essay readings. The ccefflcients were found
to be .58, .16, and .69 (for the second unit two different
sets of essay questions were constructed so that examinees
writing the exams early could not inform later examinees
about the questions). The investigators found that, in
general, correlation coefficients between essays and many
other variables (sex, age, SAT, STEP Writing, penmanship,
appearance of essays, English grades, etc.) were of the
same magnitude as those between objective tests and the

other varilables. It was found that grades assigned by
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some readers were consistently related to factors not rele=-
vant to academic achievement (penmanship, order of reading).
Thus the data of Bracht and Hopkins do not support the as-
sumption that essay and objective tests measure different
abilities. The authors pointed out however that their
findings cannot be validly used to generalize to different
kinds of subjects, courses and toplcs.

Page (1966) carried out a study of a rather different
nature than those reported above. He used a computer to
grade 138 essay papers written by high school students in
grades 8 to 12. The papers were also graded by four Eng-
1ish teachers and between-marker reliabllity coefficlents
involving grades assigned by the computer program were in-
distinguishable from those involving only the English
teachers. The overall range of correlation coefficients
was from .44 to .61. Page optimistically predicted that in
the future the computer will be able to grade more relliably
than can human judges. One cannot help wondering what the
outcome of Page's experiment would have been had his teach=-
ers been more reliable graders. Many of the studlies cited
above resulted in higher inter-marker reliability coeffi-
cients than those reported by Page.

In summary, various investigations have shown that
reader reliability as estimated by the average correlation

coefficient between readers, ranges from .31 to .738,
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marke-re-mark correlation coefficients are generally found
to be in the .70 to .90 range, and estimations of reliabil-
ity of several readers over several essay toplics can be as
high as .94 when estimated by analysis of variance methods.

It is interesting to note that very few of the studles
described above make any mention of differences in means of
marks assigned by different readers. If a number of dif-
ferent readers are grading essays, and some readers have a
tendency to mark lower (have lower mean aésigned scores)
than others, those papers read by such markers may be une
Justly assigned lower scores than other papers. Since the
correlation coefficient between two sets of scores is in-

’ dependent of the means of the scores, such differences in
means may occur even when there is high marker rellability.
Nyberg (1966) considered this probleﬁ when he chose as
"sultable" those readers whose mean assigned score fell
within three standard error of measurement units of the
overall mean. In several studies (Coffman & Kurfman, 1966;
Penfold, 1956; Pidgeon & Yates, 1957) significant differ-
ences between markers' mean assigned scores have been found.
Young (1962) transformed his classification essay scores in
order to equate markers'! means.

Another problem not discussed in most articles dealing
with essay reliability is the effects of differences be-

tween readers! standard deviations. Such differences,
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unlike differences between means, could affect the values
of the relliability coeffiéients if the range of scores
should become sufficlently attenuated for some markers.
The widespread use of the technique of averaging cor-
relation coefficlents also deserves some comments. It has
been shown that the sampling distribution of the correla-
tion coefficlent becomes skewed as the parameter estimated
by r departs from zero. Because of the non-normal distri-
bution a transformation developed by Fishér (deécribed by
Guilford, 1965, pp. 348=349) should be used prior to aver=
aging. Two studies in which this procedure was used were
those of Pidgeon and Yates (1957) and Young (1962) cited

above.

Welghting of Part Scores
Few articles dealing with the weighting of part scores

from essay examlnations can be found in the literature.
Stalnaker (1938) discussed such weighting but most of the
examples cited to support his views were based upon objec~
tive test scores rather than on essay scores. It was con-
cluded that

In the ordinary subject-matter achievement examin-
atlon which deals with a single field, and in which
& number of part scores are assigned, the simplest
and wlsest rule for the readers to follow is to as-
sign the maximum values for the parts according to
the number of degrees of difference in the answers
which can be consistently judged. The total score
may then be obtalned by merely adding the assigned
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part scores. The influence of the usual weighting
factors is so small as to be insignificant (1938,

pe. 490).
but at one point it was mentioned that

In essay tests wheré the number of scorable units

(items) is smaller, or where sections, rather than

items, are to be combined, weighting may have a

greater influence (p. 4865.

Although Stalnaker did not discuss weighting in a rig=-
orous mathematical manner, he referred to discussions with
Wilks, who did (1938) discuss mathematical considerations
of the welghting of part scores. Wilks first showed that,
for a large number (n) of correlated part scores, two dife-
ferent linear functions of the same scores will be highly
correlated. It was shown that the correlation coefficient
between such pairs of functions differs from unity by terms
of order 1/n . The implication is that, if one is dealing
with a large number of part scores, the use of different
welghting systems will have little effect on the ordering
of 1lndividual scores. Wilks then discussed three methods
of welghting part scores before combining them.

In the first method, weilghts are derived so as to mine
imize the generalized variance of weighted part scores of
all individuals recelving a given composite score. Gener=
alized variance was defined as follows.

In the case of two variables, if we form triangles

with all possible pairs of individuals (each rep-

resented by a point) using the means of the two
varlables as coordinates of the third point in each
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case, square the area of each triangle and average
the squared areas for all palrs of individuals in

the population, the result multiplied by (2!)2 is
the generalized variance of the bivariate distru-
bution. In the case of N dlmensions, N individu-
als and the point representing the means of the
N variables determine an N-dimensional simplex,
i.e., an Nedimensional generalized tetrahedron.
If we form all possible such simplexes, square
thelr volumes, and take the mean value of the

squared volumes, multiplying by (n!)2 we get the
generalized variance of the N-variables (1938, p. 30).

Wilks pointed out that Horst (1936) and Edgerton and Kolbe
(1936), although they used different criteria for their
derivations, arrived at weights that were proportional to
those of the minimum generalized variance method. Horst's
criterion was the maximizing of the variance of the welght-
ed composites with the restriction that the sum of the
squared weights equalled unity: Edge;ton and Kolbe's cri-
terion was the minimizing of the sum of the within-person
(over part scores) variances, while keeping the sum of the
squared weights constant. Horst (1941, pp. 72-73) made two
observations about the weilghts derived by this system: the
welghts obtained depend upon the units of measurement of
the original variables; and the Weights so derived are pro-
portional to first principal axis factor loadings (also men-
tioned by Guttman, 1941, p. 346). The first observation
may well apply to any of the weighting schemes discussed
herein. Wilks (1938, p. 38) also made an observation about
these weights that makes them appear rather undesirable for
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welghting part scores of essays. If a variable 1s inde=-
pendent of (uncorrelated with) all other variables in the
set, it will receive a weight of zero. It seems, to the
present writer, hard to justify the exclusion of a part
score from the composite Just because it is independent of
other part scores, and in fact such variables may be very
important to the overall composite mark representing a
broad concept of skills in written composition.

The second procedure discussed by Wiiks (1938) in=-
volves weighting in order to equalize the correlation co-
efficlents between each sub-test and the total score. The
possibility of weighting such that the correlation cbeffi-
clents between part scores and thelr composite are in a
predetermined ratio rather than being equalized was also
discussed. In an article dealing'with the combination of
measures, Richardson (1941) also discussed this kind of
weighting. It was shown that the composite variance could
be found by the use of the relationship
ag = o, 12:1(1-11 1) + 0, i2:1(r21 i) t e oot 17.:1(rn1 1)

(equation 13, p. 383)

where: oi is the varlance of the composite of n variables

rJi is the correlation between variables j and 1

o is the standard deviation of variable i

1
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Richardson then defined the contribution of a variable (}
for example) to the composite variance as the term of the

form

n
oJ 1i:l(rjioi)

In the right hand side of the preceeding equation. 7his
definition of variance contribution will be further dis-
cussed and compared to other procedures in a subsequent
section of this paper.

Wilks (1938) thirdly discussed weighting in order to
equallze the varlance contributions of part scores, or al-
ternatively in order that the part scores contribute'to the
total variance in a given ratio. Creager and Valentine
(1962) proposed such a procedure and defined the unique
contribution of a part score as

the difference between the squared multiple from the
entire set of components (1.00) and that from a sub-
set with the gliven component, or components, missing

(p. 33).

This difference may be expressed as

2 2
Rc - Rc,n-i (1)

QN

where: R is the squared multiple correlation coeffi-

cient between the sum of all part scores
and their composite (and therefore = 1.0)
R2 i 1s the squared multiple correlation coeffi-

C,n-
clent between the sum of all part scores
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(composite) and the sum of all part scores
except 1

Equation (1) is therefore equivalent to

1.0 = B? (2)

Cone=1

This quantity is defined as the proportional unique contri-

bution (Ui) of part score 1 to the composite variance. The
actual variance contribution (in raw score units) of a part
score may thus be found by
2
oc U

2 2
= (1.0 = R | ,) of (3)

i
Creager and Valentline then showed how a set of welghts can
be found that will bring the unique variance contributions
of several part scores into a desired ratio. The square of
the desired welght for a variable when multiplied by thé
unique variance contribution prodﬁces a product that is a
factor of the desired contribution of that variable. For

example, if the unique variance contributions of three var-~

1ables (og U,) are 33.6, 21.9, and 5.0, and it is desired

that the variables contribute 10, 25, and 10 percent of the
varlance respectively, the weights are found by3=
W2 x 33.6 = 100

wg x 21.9 = 250 (&)
2 _
W2 x 5.0 =100

5Example from Creager and Valentine (1962), figures
rounded.
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In actual fact, 10, 25, and 10, or any numbers in the same
ratio could be used on the right hand sides of these equa=-
tions. Although this would change the values of the
welghts, the ratio of weights would be the same, and the
contributions of the weighted variables would be in the

same ratio for all such sets of weights. Similarly there

2

o before solving the

1s no need to multiply the Ui by o

equations in (4). In this example, Creager and Valentine
were able to find weights that, when applied to the three
variables; resulted in weighted variables having percen-
tage contributions of 10.6, 26.6, and 10.6 when the per-
centage contributions of the urweighted varlables had been
30.7, 20.0, and 4.6 respectively. It can be seen that the
contributions of the weighted variables are very close to
the desired values. |

In general, the following relationships were employed
by Creager and Valentine (although they did not express

them in this manner):

g2 2, o2 2 . w2y 2 . . w2 42
N1U1°c : w2U2°c 2 e e e ¢ W1U1°c 2 e e o ¢ wnUnoc (s)
= D1 : D2 $ e o o ° Di S e e o ¢ Dn
and therefore
2 2 _
W,U 07 = kD, (6)

where k is a constant, which may be absorbed into Di' thus
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2. 2 _ ,
WiU,00 =4, (7)

and thus the quantities on the right hand sides of the ex-
pressions in (4) are any d, such that

di 2dy e e 0 2 dy e e e dy (8)

expresses the deslired ratio of varilance contributions. It

2

might also be pointed out agailn that the o, term is a con-

stant and may therefore be dropped from expressions (5)

through (7).
Hazewinkel (1963) showed that the followilng relation-

ships hold:

_ 2
Uy =10 = R /4 (9)
02 2
'—4 -
= =% (1.0 = B} ,1y) (10)
o .
c
oi' (
e e v 11)
2 .11
o R
where: Rz is the squared multiple correlation coeffi-

1,1’1-1
clent between variable 1 and the n-1 other

variables

Ri1 is the 1th diagonal element of the inverse
of the n by n predictor intercorrelation
matrix

The unique contribution of a variable to the composite
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score variance has been defined differently by Chase (1960).
He defined the unique contribution of a variable (i for ex-
ample) as the square of the least squares weight of that

variable (Bi) when all the varlables are placed in a regres-

slon equation to predict the composite. That is, if
2, = B2, + BoZy * o o o+ B2y (12)
where: 2y . . . Z (NDby1) are column vectors of stand-
ardized scores of each of N subjects
on each of n component variables
Z (N by 1) 1s a column vector of un-
welghted composite scores (Z1 +2, +
e o o + Zn) for each subject
81 e o o Bn are least squares weights
1s solved for the weights that will maximize the correla=-
tion between the composite and the welghted composite, the
squares of the welghts are defined as the proportional
unique contributions of each variable to the composite.
Guilford (1965, pp. 423-426), using Chase's (1960)
definition of unique variance contribution, suggested a
procedufe for weighting variables before summing to get a
composite score. This method, like that of Creager and
Valentine, is designed to produce desired ratios of varie-
ance contributions (but using Chase’s definition of unique
contribution). Guilford stated that summing several
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urwelghted scores causes each to contribute to the compos-
ite variance in proportion to its own varlance. Then he
suggested that, if we want each variable to contribute
equally, we should weight each by the reciprocal of its
own standard deviation. Finally, in order to achieve a
glven ratio of contributions to the total variance, he sug-
gested that we multiply the initial weights by factors of
importance. For example: given three variables with vari-

ances of, og, and og, which we wish to contribute in the

ratio 1 : 3 : 2 , we would weight them 1/01. 3/02, and
2/03 o It can be shown however, that these weights will
cause the resulting weilghted variables to contribute in
the ratio 1 : 9 : 4 , and that the welghts we should use

are /1 / 0,, 4 3/ 0,, and N 2 /.05.

The beta welghts of an equation such as equation (12)

may be solved for from the matrix equation

B =R1¢ (13)
where: B (n by 1) is a vector of beta weights
B (n by n) is the non-singular matrix of pre=
dictor intercorrelations
¢ (nby 1) is a vector of correlations between
each varlable and the composite
Guilford gave an equation for calculating the elements
of ¢ (eqn. 16.24) which, in the notation used in this paper
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would be written

Z(
r o
o5 F1a%

c, = (14)

1 / E2+2 5 I )
(*] T .n4,0,.0
=t J J=1 k=3#1 Jk™ 3"k

where: ¢; 1s the correlation coefficient between vari-
able 1 and the composite
rL1 1s the correlation coefficient between vari-
ables 1 and 3
Now, the denominator of the right hand side of (14) is
equal to the standard deviation of the composite as defined
by Guilford's equation 16.19. Thus equation (14) may be
written

1
°1 c

, ,
Z(r ) (15)

G
c J=1 137
and the matrix equation for finding 2ll n elements of c is
1

")
c

c = Ro (16)

where 0 (n by 1) is the vector of standard deviations of

the component scores. From (13) and (16)

1
-1
B = R Ro
Oc

or

p=-G—o0 (17)
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Since the unique contribution of a variable has been de-
fined as the square of the beta weight, the contribution
of variable 1 (V,) will be

_ a2 _ LR 2
V, = By =0} / o] (18)

and the ratio of the contributions of two variables, 1 and

J will be
2 2 2
V1 oy / o, oy | o)
~ T2z, 2 -=2
VJ °3 / ag oJ

If we use Guillfordts suggested weighting method, each
weight will be the product of two quantities: the recipro=-
cal of the standard deviation of the variable, and a fac=-
tor of importance for that variable. If 1t 1s desired to
have variables 1 and ) contribute in the ratio of d, : dJ
then the contributions of the welghted variables will be

2 52
] 1(y) L ) o
i(y) © "2 a (y) T "2

%(y) W o

where the subscript (y) denotes a weilghted variable, or a
statistic for a welghted variable.

The variance of a welghted variable is equal to the
product of the variance of the unweighted wvariable and the
square of the weight, and thus,

y2 2 y2 02

1 Oy
and (21)

Vi(y) = Vi) = Tz

03 (v) c(y)




52

and the ratio of contributions is

2 2 2 2
Yy oy ¢ IJ o3 (22)
Using Guilford's method, the two weights would be
Y, = d, / o, and IJ = d‘1 / o,

and thus the ratio of contributions would be

2 2 2 2

(di/oi)oi. (dd/cj)oj
or 2 2
d1 : dj

Thus the variance contributions of the two variables are
proportional to the squares of the factors of importance.

If, on the other hand, the welghts are defined as
1r1=,/'—di/a1 and YJ=JdJ/OJ (23)
the ratio of variance contributions‘will be
2 2 2 2
(W d, / o, ) oy ( d.‘1 / 03) o]

or simply

d d

1 ° J
Thus the variance contributions of the two variables are
made To be proportional to the predetermined factors of im=~
portance.

Consider two sets of scores (two variables) having
variances 16 and 9, which we wish to contribute to their

composite variance in the ratio 1 : 4 . The contributions
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of the urweighted variables to the composite variance (by
Chase's definition) will be 1ﬁ the ratio 16 : 9 . Using
Gullford's procedure, the weights would be 1/4 and 4/3,
and the contributions would be in the ratio

(1/8)%(16) :  (4/3)%(9)
or 1 :16 . When the weights ¥/ 1 / 4 and VT / 3, or 1/4
and 2/3 , however, are used, the contributions will be in
the ratilo ,

(1/4)%(16) : (2/3)2(9)
or 1 : 4 , which is the desired ratio.

The two definitions (Creager-Valentine and Guilfordu)
of the unlque variance contribution of a part score are
based on different ways of considering the composite vari=-
ance. The proportion of the variance of the criterion |
varlable assoclated with a set of predictor variables is
glven by the square of the multiple correlation coefficient
(Rz). When the criterion is actually the sum (composite)
of the predictors (components, or part scores), of course,
perfect prediction of each eriterion score is possible and
the R2 is equal to 1.00.

The coefficient of multiple correlation can be defined

I"The above~described modification of Guilford's pro-
cedure will be referred to as the "Guilford" Procedure in
the remainder of this paper
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by

2 2 2 2 2
R =BI+B2+...+Bi+...+5n+281B2r12.

T 2B B3Tyg t e o ot 2B BT g (24)
Chase (1960) defined the Bf term of (24) as the unique

(proportional) contribution (V1 in the notation of this pa-
per) of the variable. The Guilford weighting method is
based on this definition of the unique contribution of a
varlable. The welghts are derived so that the unique cone
tributions of the weighted components are in some desired
ratio.

Creager and Valentine (1962), on the other hand, de~-
fine the (proportional) contribution of varisble i as the
difference between the R2 based upon the n component scores
as predictors (1.00), and the Rz'found for the n-1 predic=-
tors left when variable i is dropped from the predictor set.

It will now be shown that the following relationships
exist between the two definitions of unique contributions
of varliable 1 to the composite and the two sets of welghts
(Creager-~Valentine = Wi ; Guilford = Yl)'

i1 _
U,R™" = vy (25)
and

W; = rlyZ (26)
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It has already been shown (equation 18) that

%
ﬂ = (27)
i °c
and therefore
02
B2 = — (28)
Vg =By = 2 2
c
and thus
2 .
oi = Vioc (29)
From (11)
2 _ 2,11
oy = U,0°R (30)
and thus from (29) and (30)
11 _ 2
Uiogﬁ = Vioc (31)
or
ii _
UiR = V1

and thus (25) gives the relationship between the two defi-
nitions of unique contribution. As has been noted by
Hazewinkel (1963), Rl 4 the standard error of estimate
for the regression of variable 1 on the other n-1 predic-
tors.

It has been previously shown (pp. 46=47) that if the
ratio of desired contributions of a set of n part scores is

d=d23000=d1=0003dn
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then from (7) and (11)

dinii
Wi = > (32)
o
i
and from (23)
2 %
¥ = — (33)
o
i
therefore from (32) and (33)
2
Wy 4,
Rli = 5 = Yi (3%4)
O3
or
2 11,2
wl = R Yi

which proves (26).

Returning to Richardson's (1941) definition of vari-
ance contribution (pp. 43=i4t4) it will now be shown that
this definition is equivalent to what Chase (1960) called
the total variance contribution of a variable. This defi-
nition arises from a different definition of the squared

multiple correlation coefficient than that of (24), that is
Rz=31c1+32c2+...+31c1+...+ancn (35)
Since R® = 1.0 when the Yeriterion" is a linear composite

of the umweighted predictors, the Bic1 terms 1in (35) sum
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to unity and thus Chase defines such terms as the total
variance contributions of the respective varlables to the

composite. Richardson's definition of the variance con-

tribution of variable i (p. 44) was

n
z(r ) (36)

o

14z 1%
Where the n such terms sum to 05 « Thus the proportional
contribution of variable 1 will be

01 n

6% =t 1373
¢
Consider Chase's definition of total contribution of vari-

) (37)

able i as T1 in the expression
T, = By¢y (38)
From (15) and (38)

31 n

T, = === T ( g,) (
1 o 3= T13%; 39)
and from (17) or (18)
°1 n
'J.‘1 = —0—5— in (1‘130'3) (40)

which is equal to (37). Thus Richardson's definition of
varliance contribution is equivalent to Chase's definition
of the total contribution of a variable. It has been
pointed out both by Chase and by Ward (1962) that this
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quantity

has the disadvantage of not yielding a break-down

between variance which is directly associated with

the ith variable, and that portion of the variance

shared among the several independent variables which

1s to be associated with the ith variable (Chase,

1960, p. 265).

Horst (1961a; 1961b; 1965, pp. 569-576) has developed
a procedure for weighting several sets of variables so as
to yleld the highest possible sum of correlation coeffi-
clents between the weighted composite scores of each set.
The method is similar to canonical correlation, but extend-
ed to more than two sets of variates.

Conslder three sets of variables, and the composites
found by summing each set, for example

X.c=X1+X2+...+an

Zc=21 +Zz+o . .+an

- where nx, ny, and nz are the numbers of variables in the
respective sets. The problem is to find three sets of
welghts which, when applied to the three sets of variables,
will ylield the highest possible coefficients of correlation
between the weighted linear composites of the form

x&(d) =d,X, + d2X2 + e o o + dnxxnx

Yc(e) = 31Y1 + 32Y2 * o 0o o + emYny (42)
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The followlng is a brief resume of the Horst procedure
as used in this study. More detalled descriptions and
proofs may be found in the writings of Horst (1961a, 1961b,
1965). It should be pointed out that Horst has presented
four procedures for weighting m different sets of data,
each designed to produce a specific relationship between
the linear composites. The procedure employed in this
study is that named the "maximum correlation method" (Horst,
1965, p. 566), which is most completely described in Borst!s
first (1961b) article on these "multiple set factor analy-
sls" procedures. This particular technique was chosen be-
cause the welghts are derived so as to maximize the sum of
the correlations between the weighted composites.

Three baslic score matrices are defined for each set of
data, as well as three supermatrices (43, 44, and 48 below)
formed by placing the basic score matrices of each set be=-
slde each other. Following Horst's notation, the superma-
trices will be denoted by capital letters without subscripts
(X, ¥, 2, etc.) while the matrices of a given set will be
denoted by capital letters preceeded by a subscript denot-

ing the set (ix, 1Y Z, etc.)s The three basic score ma=

'3
trices are

X = (X, oXo o oo X) (43)

= the supermatrix of m sets of unweighted scores in

standard form
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U= ( 1U' ZU. e o o mU) (4’4)

= a supernatrix formed by transformations of the 1X
matrices of the form

S ]
U= Xty (45)

where t1 is a triangular matrix formed by a square

root factoring of the matrix of intercorrelations

within set 1. That is

t,ty =G, (46)
where

1]
1% X )
G,, = 7

11 N

and

2 = ( 12, ZZ, o o o mZ) . (4‘8)

= a supermatrix of transformations of the 1X ma-
trices of the form

where 15 and 1b are matrices of weights derived

S0 as to maximlze the sums of the correlations
between weighted linear composites.
From (45) and (49) it can be seen that

4B =ty b (50)

Because of the eriterion for deriving the weights, the
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supermatrix of correlations between the scores of the 1Z

matrices./o » Where

!
2 2

L=

‘consists of diagonal submatrices that are identity matri-

(51)

ces and off-diagonal submatrices that contain the correl-
atlion coefficients to be maximized. As in canonical cor-
relation, successive sets of weights may be found that will
8lve several orthogonal solutions to the problem. The di=-
agonal submatrices of/o contain the correlation coefficients
between pairs of orthogonal composites and are thus identity
matrices. In the present study only one set of weights was
derived, that which would yield the highest possible sum of
correlations between composites.

Consider the supermatrix below (52), resulting from the
application of the method to three sets of wariables (m = 3)
each set contalning at least three variables (the numbers of
varlables need not be identical in each set), and three or-
thogonal sets of linear composites having been derived (as
in canonical correlation, the maximum number of new vari-
ates which may be derived is equal to the rank of the inter-
correlation matrix of lowest rank among the m such original

matrices).
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301 1
8.021
3031

a13 ab11

acy , ac13 b011
ac,, acz3 b021
a032 ac33 b°31

Supermatrix Y consists of

ab12 ab13 acyy
ab22 ab23 8Cyy
ab32 ab33 ac31

b12 b

by

13 PCq1

23 P21
P32 P33 Pey
bc12 bc13 41
bc23
33

b
be

bc22

bc32 be

Cqq

21

acy , acy 4
ac,, 8yq
ac4, 8cqq
b012 bc13
bc22 be
32
©12

be be

33
¢ 3

L

23 |

62

(52)

six submatrices that are distinct

(the matrices below the major dlagonal are ldentical to

those above the diagonal). Thus p can be considered as

L.

A AB AC
AB
AC BC C

-

B BC

(53)

Columns 1, 4, and 7 of (52) contain the correlations in-

volving the first set of maximally correlated variates,

columns 2, 5, and 8 contaln correlations involving the sec-

ond set of variates, and columns 3, 6, and 9 contain cor-

relations involving the third set.

Since successive linear

composites within sets are orthogonal, A, B, and C in (53)

are identity matrices.

In this example the first set of

welghts 18 derived so as to maximize the sum defined in



63
(54) where the terms on the right are defined in (52).
g, =aby, +ac,, + be,y (54)

The second set of weights maximizes

£, = aby, +ac,, + be,, (55)

and the third maximizes
63 = ab33 +acqqy + b033 | (56)

The off=diagonal eiements of AB, AC, and BC in (53) are not
necessarlly zero, that is, the first derived va;iate of the
first set of variables 1s not necessarily orthogonal to the
second and third derived variates for the second and third
sets of variables.

In the present study, as previously mentioned, only
one set of new variatgs was derived, and thus each subma=

trix of (53) contalns only one element, that is

r.. -
1.0 ab11 ac, 4
p= a,b:'_1 1.0 bc11 (57)
I acyy 'bc11 1.0J

where abil' for example, is the correlation coefficient be=-

tween the welghted linear composites of the first two sets
of variibles. It may be noted that being "geheralized can=-
onical correlations” (Horst 1961a) the coefficients of (57)
are all positive numbers. Horst (1961b) presents an iter-

ative procedure, best described as a generalization of
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Hotelling's (1935, 1936) iterative solution to the canon-
ical correlation problem. Although Horst has not developed
a rigorous proof that the solution will converge on stable

sets of weights with functions like ‘1' 52' and 53 of (s54),

(55), and (56) maximized, he showed (1961b, pp. 145=146)
that the solution is equivalent to Hotelling'!s solution for
two sets of varliables and pointed out that it can be proved
that the latter converges to the largest latent root. He
also mentioned that "experimental results so far obtained
have converged (1961b, p. 147)."

It may be seen from the literature cited above that
there 1s a lack of agreement among the different writers
as to what is meant by the contribution of a predictor
variable to a criterion variable, or a part score to a come
posite.  Another indication of the disagreement may be seen
in a recent controversy between Hoffman (1960, 1962) and
Ward (1962, 1963).

Hoffman (1960) discussed a "relative weight" which is
equivalent to Chase'!s (1960) definition of the total vari-
ance contribution of a variable. A major disadvantage of
this definition has been previously discussed (p. 58). Hof=
fman's definition, 1n the notation of this paper would be

defined for variable i as

Bycy

(58)
2
Ry .
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and is thus equivalent to Chase's definition of total con-
tribution divided by the coefficient of multiple correla=-

tion between the criterion and all predictors. Since Rg

would be a constant for all predictors, Hoffman's relative
weights are in the same ratio as are Chase's total contri-
butions. When the "criterion" is the sum of the "predic=

tors" as are the variables used in this study, of course,
R§ =1.0, and the two definitions are equivalent.

Ward, on the other hand, appears to favor the use of
the concept of unique contribution as defined by Creager
and Valentine (1962), discussed above.

Gibson (1962), discussed the problem and suggested
that the difference of opinion could be eliminated by de~
riving orthogonal varlables from the predictor variables,
and thus one could work with a set of variates for which
the two definitions of contribution would be numerically
equivalent. Both Gibson and Kaiser (1967) have derived
methods of orthogonalizing variable sets such that the ore
thogonal varilables are maximally correlated with the orig-
inal variables. However, as 1is pointed out by Ward (1963),
researchers may not wish to deal with artificially ofthog-
onalized variables when they could use the original ones,
which are likely to be more meaningful to them. It can
also be argued that if characteristics of the population
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belng studled are correlated they should be investigated

as they are, that 1s, as correlated variables.

Of the two definitions of the unique contribution of
a variable to a composite (that of Chase, and that of
Creager & Valentine), there appears to be no mathematical
baslis for choosing elther as more appropriate than the
other. As a matter of interest, however, it might be
pointed out that the Creager-Valentine definition is that
usually used when referring to the contribution of a pre~
dictor in regression analysis. When the least squares pro-
cedure 1s used to estimate the parameters in the fixed-
effects-model analysis of variance a similar procedure is
used to partition the variance attributable to the differ-
ent effects. Thus the Creager-Valentine definition of the
variance contribution of a predictor to the eriterica is

probably more widely used than is the Chase definition.



CHAPTER 1III
PROCEDURES

The writer has been unable to find any applications
of the above mentioned welghting systems in studies of
written composition. It was proposed that the Creager-
Valentine (1962) and Guilford (1965) methods could be used
to welght the part scores derived from the analytic mark-
ing of essays, in order that the welghted scores may be
actually contributing to the composite varilance in prede-
termined ratios. The weighting methods may be used in
such a way that not only are the overall variance contri-
butions of the part scores brought into a desired ratio,
but if the method 1s used separately on the ratings of
each reader and differential weights (different weights
for each reader) are used, the grades of the various read=-
ers on the same paper should be more similar. It was
thought possible that such differential weighting of each
marker's scores could result in increased inter-marker re=-
liability coefficlents. In addition it was decided to use
Horst's (1961a, 1961b, 1965) procedure in order to inves-
tigate the nature of weilghting systems that would maximize
the inter-marker rellabllity coefficients.

The Sample
In 1964, Nyberg (1966) randomly selected 103 essay
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papers, written on the same topic, from the papers of
12,921 Alberta grade 12 students writing the provincial
departmental examination in English 30. Studénts had a
cholce of two topics. The essays were marked by an analyt-
lcal procedure with 27 markers grading each of the 103 pa=-
pers for mechanical errors, and 21 different markers grad-
ing each for style and content.

In the style-content grading procedure, marks were
given for a total of 16 criteria as shown in Table 2.

In the mechanics grading procedure, each paper was
checked for six types of errors: spelling, punctuation,
word usage, grammar, sentence errors, and form. On each
of these varlables either two or three marks were deducted
from the total essay score, With a predetermined 1imit on
the number of marks that could be deducted for each of the
variables, and a maximum total of 125 marks that could be
deducted from a given paper'!s score. The marking variables
are shown in Table 3.

Three criteria are used as a basis for selection of
readers by the Alberta Department of Education. The read-
ers actually used consist of paid volunteers who meet these
criterla. The criteria, as they apply to the English 30
paper, are that the individual holds a degree from a rec-
ognized university, has a permanent teaching certificate

that 1s valid in the province of Alberta (which implies
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Style=-content Grading Variables
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Variable No. Marks
Material
1. Significance 10
2. Relevance 10
3. Originality 5
Organization
4, Plan 5
5. Relation of plan to essay 5
6. Introduction 5
7. Order 5
8. Emphasis 5
9. Conclusion 5
Diction
10. Exactness and vividness of nouns,
verbs, adjectives, adverbs 10
11. Figures of speech, comparisons,
1llustrations _ 5
12. Breadth of vocabulary 5
Sentence Organization
Variety
13. structure 15
14. beginnings 5
15. Economy 1g
16. Total Impression 15

Total

125
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Table 3
Mechanlcs Grading Variables

Variable Marks per Error Maximum
1. Spelling 3 39
2. Punctuation 2 26
3. Word Usage 2 24
L. Grammar 3 33
5. Sentence Errors 3 39
6. Form 2 14

Total 175 marks

Maximum allowable deduction 125 marks

that he has had at least two years of successful teaching

éxperience as judged by a high school inspector), and has

taught English 30 during the school year just completed at
the time of the marking session.

The data from Nyberg's study was used in the present
study and similar data was collected from the 1967 Alberta
grade 12 departmental examinations in English 30. Five me=-
chanics markers and two style-content markers who took part
in Nyberg's study were found to be again grading essays in
1967. At the time the 1967 data were collected, the papers
were all marked and filed according to candidates numbers.
Sections of the files were randomly selected and all es=
says 1n these sections that were read by the seven markers

were examined and part scores recorded. As a result of
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this sampling technique, the number of papers included in
the 1967 data varied from reader to reader.

Although the marking criteria employed in 1964 and
1967 were essentially the same, it was found that the style-
content markers had been instructed to pool some of the cri-
teria in 1967. As a result there were only 10 style-con-
tent part scores as compared to 16 in the 1964 data. In
order to make comparisons between data from the two years,
it was therefore necessary to similarly pool the part scores
from the 1964 data. No such problem arose with the mechan-
ics part scores.

In the 1967 marking session, only one reader graded
each paper, so it was impossible to calculate inter-marker
reliability coefficients. The purpose of collecting this
additional data was to examine the stability of the Creager-
Valentine and Guilford weights over time for each marker.

It was also possible to examine the stability of welghts
over toplcs graded by the same marker in the same year be=
cause, in 1967, candidates were instructed to choose one

of four topics for thelr essays.

Analysis of the Data
Procedures used in this study that are not standard
statistical techniques are described in Appendix A. The
computing algorithms used, along with their derivatlons or
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sources are presented in the appendix, and are numbered so
as to match the numbers in the outline of procedures below.

In deriving the Creager-Valentine and Guilford welights,
the ratio of desired variance contributions of part scores
was defined as the ratio of the total possible scores on

each marking criterion as reported in Tables 2 and 3.

1. Rellability of Mechanics Markers
1.1 Creager-Valentine weighting system

1.1.1 For each marker, the unique contribution
(Creager-Valentine definition) of each part score to the
composite varlance was calculated

1.1.2 The appropriate Creager-Valentine weights
were calculated for each part score of each marker

1.1.3 The raw part scores of each essay for each
marker were summed and intercorrelations between markers!
total mechanics scores calculated. The average of these
reliabllity coefficients between the markers was computed
by two methods: finding the mean of the coefficients; and
using Fisher's z transformation (Guilford, 1965, pp. 348-
349) on all coefficients, finding the mean z, and transe
forming the mean z back to a correlation coefficient.

1.1.4 The part scores of each paper for each
marker were weighted by the Creager-Valentine welghts and

average lnter-marker reliability coefficients calculated
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as in1.1.3.
1.2 Guilford welghting system

1.2.1 For each marker, the unique contribution
(Guilford-Chase definition) of each part score to the come
posite varliance was calculated

1.2.2 The appropriate Gullford weights were cal-
culated for each part score of each marker

1.2.3 The part scores of each essay for each
marker were weighted by the Guilford weilghts and average
inter-marker reliability coefficlents of the 21 markers
calculated as in 1.1.3

1.3 Horst welghting system

1.3.1 Appropriate Horst weights were calculated
for a random sample of 16 of the 27 mechanics markers.
Since the Horst procedure extracts standard score (z score)
welghts, the weights were converted to raw score weights by
dividing each by the standard deviation of the appropriate
part score.

1.3.2 Average rellability coefficients for the

weighted scores were calculated as in 1.1.3

2. Reliabllity of Style=-content Markers
The procedures used were identical to those used for
the mechanics markers with one exception. Two random sam=-

ples of six markers each were drawn for the Horst welghting
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system and independently analyzed.

3. Double Welghting Procedures

3.1 Each of the 16 mechanics markers scores were
welghted by the Horst weights, then new Creager~Valentine
and Guilford weights were calculated from the weighted
scores. The average coefficients for both sets of double=-
welghted scores were calculated as in 1.1.3.

3.2 The procedures in 3.1 were repeated independent-

ly for both samples of 6 style-content markers

4. Stability of Creager-Valentine and Guilford Weights

Creager-Valentine and Guilford weights were calculated
for each marker's scores for each topic. Since little is
known about the distribution of such sets of welghts, each
set was ranked and rank order correlational procedures were
used to estimate the stability. The following procedures
were used for both the Creager=Valentine and the Guilford
welghts.

4.1 Mechanics markers: stability of welghts within
markers over topics marked at the same time

be1.1 A coefficient of concordance (W) (Ferguson,

1966, pp. 225-228) was calculated within each of the five
markers between the ranks of the welghts on the four 19675

5A number used to denote an essay topic refers to the
year in which the topic was assigned
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essay topics.

L.1.2 A W was calculated between the markers for
each of the four 1967 topics.

k.1.3 It was reasoned that an indication of the
stabllity of the weights over topics marked at the same
time could thus be found by comparing the median within-
marker W to the median between-marker W. If a set of
welghts derived for a marker are stable there should be a
higher median W within markers than between markers.

4.2 Mechanics markers: stability of welights within
markers over topics marked at two different times

4.2.1 A W was calculated within each of the five
markers between the ranks of the welghts on all five top-
ics (4 from 1967, 1 from 1964).

4.2.2 A W was calculated between the markers for
each of the five topics

L4.2.3 The median within marker W was compared to
the median between marker W

4.3 Style-content markers: stability of weights with-
in markers over topics marked at the same time. The Pro=-
cedures in 4.1 were repeated with the style=content markers
who marked both in 1964 and in 1967. Since there were only
two such markers the results were not used to make any in-
ferences.

L.4 Style-content markers: stabllity of weilghts within
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markers over topics marked at two different times. The
procedures in 4.2 were repeated with the two style=con=-

tent markers who marked both in 1964 and 1967.

5. Effects on gross grade categories of adjustments to
equate all markers! means.
5.1 Mechanics markers
5¢1.1 The mean (grand mean) and the standard deve
lation of the distribution of all scores of all markers
(103 x 27 scores) were calculated
5¢1.2 The mean of each marker's scores on the 103
papers was calculated
5+1.3 A distribution of adjusted scores (103 x
27) was found by adding to the scores of each marker the
difference between the grand mean and that marker's mean
5¢1.4 The standard deviation of the 103 x 27 ade
Justed scores was calculated and the scores of the two dis-
tributions (raw and adjusted) were transformed to z scores
5¢1.5 All scores were classified in gross score
categories as follows
2.0 5 z
1.0z < 2,0
0.0 sz < 1.0
1.0 sz < 0,0
-2.0 Sz <=1.0

Z < =2,0
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5¢1.6 For each marker, the number of individual
essay scores that shifted from one gross classification to
another when the scores were adjusted was calculated and
converted to a proportion

5.1.7 Using the method described by Ferguson
(1966, p. 158), 95% confidence 1limits were established for
the proportions in order to determine whether or not the
proportions differred from zero at the .05 significance
level

5.2 Style~content markers
The procedures in 5.1 were repeated with the

style=content markers

6. Effects on gross grade categories of the three welght-
ing systems
6.1 Mechanics markers

6.1.1 Creager-Valentine weights were applied to
the part scores of each marker and a total weighted score
calculated _

6.1.2 The resulting scores were adjusted in order
to equate markers! means

6.1.3 The scores were then classified into gross
score categorles as in 5.1.5 and proportions of shifts in
categories upon weighting were calculated

6.1.4 The significance of the proportions was
tested as in 5.1.7
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6.1.5 The procedures in 6.1.1 through 6.1 .4 were
repeated with the Guilford weights, and then with the Horst
welghts
6.2 Style-content markers
The procedures in 6.1 were repeated with the marks

of the style-content markers



CHAPTER IV

RESULTS

Effects of Welghting Systems on Inter-marker Reliability
For both the 27 mechanics markers and the 21 style=con-

tent markers, it was found that weighting each marker's
part scores by the Creager-Valentine welghts, or by the
Guilford weights, before summing the part scores, resulted
in sets of composite scores between which inter-marker cor-
relation coefficients averaged slightly lower than did the
similar coefficilents for the urwelghted scores. In other
words, the average inter-marker relliability was slightly
decreased by applying the Creager-Valentine or the Guil-
ford weights.

It was also found that sets of welghts could be found
for each marker by the use of the Horst procedure, that
when applied to each marker's part scores, resulted in to=
tal scores that, on the average, were more highly correlat-
ed than were the urweighted scores. That is, for random
samples of sixteen mechanies markers, or six style-content
markers, the average relilability coefficient was increased
by the application of Horst welghts.

On the other hand, it was found that the use of two of
the welghting procedures (Creager~Valentine & Horst, or
Guilford & Horst), in an attempt both to achieve a desired
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ratio of varlance contributions of part scores to the to-
tal score and to maximize the average inter-marker reli-
abllity coefficients, resulted in average reliability co-
efficlents that were lower than average raw-score relia-
bllity coefficients for each of the three samples of
markers.

It was found, in all cases, that the use of the z
transformation of the correlation coefficients prior to
averaging, and then converting the average z back to an
r, resulted in a higher coefficient than was found by sim-
ply taking the mean of the r's. The difference, however,
was never greater than .02 and it was decided to report
herein only the more conservative estimates found by take
ing the mean inter-marker reliability coefficients withe
out using the z transformation. The coefficients are re=-
ported in Table 4.

The values of the welghts found from the data are re-
ported in Appendix B. It may be noted that, although it
was found possible to increase the average inter-marker
rellability coefficient for mechanics markers from .76 to’
.82 through the use of the Horst procedure, this coeffi-
clent results from a large welight being applied to each
marker's spelling score, and relatively small welghts be=-
ing applied to each of his other part scores. The valid-

1ty of the resulting scores is therefore rather
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Table 4
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Markers
Scores
All 27 Sample of All 21 Sample of Sample of
Mech. 16 Mech. Style 6 Style 6 Style

Raw .769 «763 «595 569 «553
Creager=~

Valentine| .719 «713 .588 ¢555 o542
welghted
Guilford
Weighted o721 o721 0592 0562 . 05’4‘7
Horst
welghted - .816 - 736 .690
Horst &

Creag. -~ «578 - 487 «369
welghted
Horst &

Gullf. - 0580 b o -L"91 0358
welghted
questionable. As would be anticipated under such circum-

stances, the spelling scores contributed much more to the

composite score variance than did the other part scores.
The unique variance contribution of a part score to

the total score by either the definition of Creager and

Valentine, or that of Chase, 1s proportional to the vari-

ance of the part score (see equation 11, p. 47, and equa-

tion 18, p. 51). Therefore an examination of the Horst

weighfé to be applied to the standard (z) part scores,

which all have a variance of one, provides a better indi-

cation of the difference between the contributions of
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spelling and the other part scores, than does examination
of the raw score welghts. The z=score welghts are reported
in Table B4 of Appendix B, whille the raw score weights are
reported in Table B3 of the appendix.

Because of the previously mentioned very high weight=
ing given spelling scores by the Horst procedure, it was
decided to repeat the Horst procedure for the sample of 16
mechanics markers, with the spelling scores omitted, thus
reducing the number of part scores to 5. When this proce=
dure was carried out, 1t was found that the Horst method
could produce welghts that would increase the average inter-
marker reliability coefficient from .627 to .647. The
welghts so derived showed no systematic similarity across
all markers as was shown when the spelling scores were ine-
cluded. Neilther was any such systematic similarity between
vart score welights found in the style-content markers!

Horst welghts. BRather, it was found that for different
markers, different part scores would be most heavily weight-
ed. The z score weights are reported in Appendix B.

As might be expected, the particular part score weight-
ed most heavily for a glven marker was that in which he was
most in agreement (as determined by inter-marker correla-
tion coefficients of part scores) with his colleagues. In
addition, the part scores that were most heavily weighted

for a given marker also contiibuted more to the welghted
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composite variance than did the other part scores.

Stabllity of Creager-Valentine and Guilford ieights

As was expected, the median coefficlent of concordance
(w) within markers between topics marked at the same time
(1967) was found to be higher than was the median ¥ between
markers within toplies, for the five mechanics markers who
marked both in 1964 and in 1967, and for both the Creager-
Valentine and the Guilford weights. Thus an indication
that these welghting systems show some stability within
markers over topice was shown. It must be admitted, hovi-
ever, that the method of estimating stability is rather
weak.

Cn the vhole, there appeared to have been no tendency
for either the Creager-Valentine or the Guilford welghts to
show greater stability, as defined herein, than did the
other. The W's for the Creager-Valentine weights were
higher than those for the Guilford weights of some merkers
and some topics, but some were also lower.

A summary of data used to estimate the stability of
mechanics markers is reported in Table 5. Although similar
calculations were made on the style-content markers' data,
there were only two markers reading ecsays for style and
content in both 1964 and 1967, and it was felt that data

based upon such a small sample of markers would be
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unreliable. The resulting data are therefore reported in
Appendix C and will not be discussed here.

Table §
Coefficients of Concordance«-Topics Marked at Same Time
Marker |Within Marker W's | p ., | Between Marker W's
No. I covwts. G wts. || Noe C-V wts. G wts.
6 779 .821 1 «502 «515
8 « 907 .857 2 .561 «575
12 <764 o714 3 o721 657
26 757 657 L 383 <643
27 « 564 .693
Median . 76 . 71 . 53 . 61

When similar calculations were made in an attempt to
look at the stability of the Creager~Valentine and the
Gulilford weights over both time and topiles, the results
were very simllar. The data are reported in Table 6.

Perhaps a better estimate of the stability of weights
over time might be found by calculating a Spearman rank
order correlatlon coefficient between each of the 1967 top=-
ics and the 1964 topic for each marker, and then finding
the median of the 20 resulting coefficients. When such
calculations were made, the median coefficient was found

to be .60 for both the Creager-~Valentine and the Guilford
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welghts. In order that these coefficlents could be com-
pared to the W's reported in Tables 5 and 6, Siegel's (1956,
P. 229) equation 9.14 expressing the relationship between
an average Spearman rho and a coefficient of concordance

was used. A rho of .60 was found to be equal to a W of .80.

Table 6
Coefficlients of Concordance--All Topies
Marker Within Marker W's Topic Between Marker W's
No. oV wtse G wts. No. C-V wts. G wts.
6 .726 o717 67-1 «502 .515
8 0826 0790 67-2 0561 ‘575
26 .680 .621 67=4 «383 643
27 «598 o721 64 JA51 .653
Median 073 a72 i 050 -64

Effects on Gross Grade Categories

of Adjustments to Equate all Markers' Means
Using the method described by Ferguson (1966, p. 158)

i1t was determined that for an N of 103 any proportion
greater than .05 differs significantly from zero at the .05
level. Using this criterion, there would be only two marke-
- ers out of the 27 mechanics markers and two out of the 21

style-content markers for whom there were not significant
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proportions of individual essay scores shifting from one
gross score category to another when scores were ad justed
in order to equate markers' means. When a more conserva-
tive proportion (.10) was used as a criterion for propor-
tion of shifts that was considered to be of practical sig=-
niflcance, there were still only 5 mechanics and 8 style-
content markers with non-significant proportions of shifts.

The data are reported in Table 7o

Table 7

Frequencies of Score Shifts when Ad justed-=by Proportions

Proportion Frequency of Frequency of
of Shifts Mechanics Markers Style Markers
070 = 479 1
60 = .69
50 = 59 3
40 - 49 3 1
«30 - .39 1
20 = .29 2 2
10 - ,19 12 10
, 00 = ,09 5 8
N 27 21

Effects of Weights on Gross Grade Categories
For all of the mechanics markers, the proportion of

shifts in gross grade categorles was at least .10 when

scores were weilghted by either the Cfeager-Valentine or
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the Guilford methods. For the Style-content markers, how-
ever, there were three markers having proportions of less
than .10 when the Creager-Valentine weights were applied
and six markers having such proportions when the Guilford
welghts were applied. The data are reported in Table 8.

Table 8

Frequencies of Score Shifts under welghting-«-by Proportions
Proportion Mechanics Markers Style-content Markers
Of Shifts C-V wtse. G wts. C=V wts. G wts.
70 = .79 1 1
060 - 069 1
050 - 059 u’ 3
40 - 49 3 3 1 1
«30 - .39 3 1 1
20 = .29 8 8 3 2
10 - .19 7 11 13 12
.00 = .09 3 6

N 27 27 21 21

When the Horst welghts were applied to the random sam-
Ple of mechanics markers, none of the sixteen markers had
proportions of shifts lower than .10 and only three had a
proportion of less than .30. For the two style-content sam-
Ples, there were no markers who had proportions of shifts

lower than .30. These data are reported in Table 9.
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Table 9

Frequencies of Score Shifts
for Horst Welghts-=by Proportions

Proportion Mechanlcs Style=content Markers
Of Shifts Markers Sample 1 Sample 2
70 = .79 ' 1
60 = .69 2
¢50 =« .59 2 2
OL"O - 0"’9 2 1 2
030 - 039 9 ’4‘
20 = 29 2
010 - 019 1

N 16 6 6

One of the interesting findings with respect to the
effects of adjusting the scores in order to equate marke-
ers means, and welighting part scores in order to obtain de~
sired ratios of varilance contributions, was the close
agreement between the different trénsformatlons. That 1is,
the proportions of shifts were very similar under all three
transformations used with the complete samples of markers.
The proportions of shifts for each marker, along with pro-
portions in which similar shifts resulted under two differ-

ent transformations are reported in Appendix D.



CHAPTER V

DISCUSSION AND IMPLICATIONS

Differential Welghting of Part Scores

Assigned by Analytic Essay Readers
The results of this study suggest that, for the kinds

of readers and compositions involved, differential weight-
ing designed to produee desired ratios of contributions of
part scores to total score variance, slightly reduces the
average inter-marker rellability coefficlent. It is the
opinion of the writer, however; that the validity of the
resulting scores is improved, because the total scores aft=
er welghting represent predetermined desired combinations
of part scores. That is, it had been decided that there
were certaln criteria by which the standards of the indi-
vidual compositions were to be Judged, and that a certain
amount of the total possible score should be derived from
each marking criterion. If then, the rart scores derived
from these criteria are weighted so that, for each marker,
the contribution of each part score is a desired proportion
of the total varlance, the resulting total scores should be
a better representation of the desired measurement of com-
position skills.

Because of the widespread belief that the reliability

coefficlient of a set of measurements'alwaxs sets the upper
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bound on the validity of the measurements, the discussion
in the above paragraph may be a source of concern to some
readers. The writer, however, tends to agree with Torger-
son and Green (1952) who stated that

The usual operational definition of validity as "the

correlation of a test with a criterion," while rea-

sonably adequate for determining the validity of an
aptitude test, is inapplicable when considering meas-
ures of achievement. The achievement test 1s actu=
ally a measure of the criterion itself. This implies
that the statistical techniques which have proved to
be valuable in increasing the correlational validity
of aptitude tests should not be applied uncritically
to the achievement test field. The selection or re-

Jection of items on the basis of the usual item an-

alysis data is a case in point. While this method

will very likely increase the correlational validity
of a test, the effect on the validity of the test as

a measure of achievement is doubtful (p. 355).

On the other hand, it 1s the opinion of the writer,
that scores resulting from the use of weights derived by
the Horst procedure result in decreased validity. The pro-
cedure results in welghts that produce a higher average in-
ter-marker reliability coefficient, but in order to achieve
such a coefficlent, part scores are weilghted in accordance
with their own inter-reader reliabilities. Thus, if the
only criterion upon which essay readers are in agreement 1is
spelling, the variance of welghted total scores will be
based mainly on spelling.

Methods such as the Horst procedure used in this study
may be valuable for the studying of the kinds of marking

criteria upon which readers are able to show the most
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agreement, rather than for differential weighting of scores.

It would appear from the data of this study that the
achievement, by differential weighting, of both high inter~
marker rellability coefficients, and desired proportions of
variance contributions by part scores to total scores, are
incompatible aims with respect to essay scores. However,
Since thils 1s the first study of this nature, some of the
methods were rather crude, and it is possible that refine-
ments of some of the procedures could result in other con-
clusions. It should also be pointed out that the results
found in this study may be specific to data matrices having
the same characterlstics as those of this study.

Differences between the Creager-Valentine and Guile
ford procedures used in this study appear to be slight, and
nelther definition of variance contribution and accompany=-
ing derived welghts could be concluded to be more accept-
able for purposes such as those of this study than is the
other.

’Before any more general conclusions could be made with
respect to the procedures used in this study it would be
desirable to study these procedures with different sets of

readers and compositions.

Stabllity of Creager-Valentine and Guilford Weights
The part of this study in which the techniques used
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were probably the most crude was in the estimation of the
stabllity of the welghts. Further studies of the nature
of the distributions of such weights would be invaluable
to study of their stablility, in that more sophisticated
techniques could then perhaps be used for estimating the
stability.

The only conclusion possible with the present data 1is
that some indication of stability, as defined herein, was
found with the kind of readers and compositions used.

Effects of Transformations on Individual Scores

This study showed that the use of differential weight-
ing procedures, and even the use of simple transformations
to equate markers means, can affect a slgnificant propor-
tion of individuals'! essay grades. In the light of this
finding it might be appropriate for those people who are
working in the field of measurement of composition skills,
or skills measurable only through written composition, to
consider the validity of the transformed scores as compared
to that of the raw scores.

Perhaps one of the more interesting findings of this
study i1s the apparent similarity between the shifts in
grades that tpok place under different kinds of transfor-
mations. For some purposes, the more simple transformation,

equating markers' mean asslgned scores, may be sufficient
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for obtaining the kind of measurement desired. Before any
generalizations are possible about effects on individual
scores, 1t would be desirable to investigate the shifts in
scores under different conditions such as: different essay
toplcs, different kinds of subjects, different kinds of
readers, different marking criteria, and perhaps most im=-
portant different sizes of correlation coefficients between
the readers, both in overall grades, and in part scores.

The main purpose of this study was to study some new
techniques for examining some o0ld problems related to meas-
urement by the essay examination. It is the writer!s opine
lon that, although a study such as this may involve the use
of some rather crude techniques, it is a necessary first
step in the evaluation of new techniques. Before any sug-
gestions can legitimately be made with respect to tech-
nlques such as those used in this study, more detailed
study of certain aspects are necessary. However, in order
to determine whether or not an extensive examination of
some of the detalls of a procedure are warranted, some in-
vestigation of the value of the technique as a whole should
be undertaker. Within this context, it is the writer's
opinlion that this study has shown that the Creager-Valen-
time and Guilford weighting procedures have sufficient
merit to warrant further, more extensive investigation.

The Horst procedure may also prove valuable. especially
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in the study of marker characteristics, but the writer
would question its use for differential welghting of essay

scores because of the previously mentioned limitations

with respect to validity.
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APPENDIX A

COMPUTING ALGORITHNMS FOR STATISTICAL PROCEDURES

The following symbols will be used in the formulae be-
low. In order to more clearly distinguish between similar
statistics, distinct symbols will be used and thus, the

symbols used may differ from those used in the articles

quoted.

sf = the varlance of part score 1

sg = the varlance of the composite score

r1J = the correlatlon between part scores i and }

cy = the correlation between part score i and the
composite

B'J = the element from the 1'th row and the j'th col-
umn of the inverse of the matrix of correlations
between part scores

d1 = the relative importance of part score i with re-
spect to the other part scores. Also called the
desired contribution of part score 1

U, = the unique contribution of part score i, as de=-

1 fined by Creager and Valentine (1962), to the
variance of the composite

<
]

% the unique contribution of part score i, as de=
fined by Chase (1960) and Guilford (1965), to
the variance of the composite

b, = the regression weight for part score 1 when all
part scores are used to predict the composite
in a multiple linear regression equation
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wi = the welght to be applied to variable i, as de-
fined by Creager and Valentine (1962)

4 the weight to be applied to variable i, as de=-
fined by Guilford (1965), modified as described
above (pp. 48-53)

n = number of part scores making up the coﬁposlte

s
]

(w) « will be used as a subscript to denote statistics
for variables weighted by the Creager-Valentine
welights, W1

(y) - will be used as a subscript to denote statistics
for variables weighted by the Gullford weights,

Y

The following algorithms were used:
1.1.1 The variance of the composite was calculated by Guil-
ford's (1965) equation 16.19 (p. 420), which may be written

2 g 2 N n-1 n
e T 3=183 2351 k=§+1(r3k838k) (1)

The unique contribution of each part score to the composite
variance, as defined by the Creager-Valentine method, was

calculated by use of Hazewinkel's equation 4 (p. 106).

Uy =z (2)

1.1.2 Appropriate welghts were calculated for each part score
by an equation derived, as shown below, from the basic equa=-

tion of Creager and Valentine, (equation 3, below).



From (3)

and using (2)

or

and

2. 2 _
2 %
Wy = 3
U, sZ
2 9
Vi =37, Z11
syS, / S,
2 1
W =
1 2
1
11
d,R
W, =
1
Sy
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(3)

(&)

(5)

(6)

(7)

1.2.1 The correlatlion coefficlent between each part score

and the composite was calculated by an equation that 1s
equivalent to Guilford's equation 16.24 (p. 427).

n
z (r

1A 1JSJ)

d/r n n
353 kii(erSJSk)

(8)
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The weights from a regression equation for predicting the
composite from the linear sum of all part scores were cal=-
culated by

= g (Rijc

) y) (9)

by

The unique contributlon of each part score to the compos~
ite varlance was then calculated by the method of Chase
(1960) and Guilford (1965), that is from

(10)

1.2.2 A second set of weights for each part score was cal=-
culated by the previously described (pp. 48-53) modifica-
tion of Guilfordt!s (1965) method.

(11)

1.3 Horst welghting system:

All calculations for finding the Horst weights were
made by the use of Horst's (1965, pp. 705-708) fortran com-
puter program. The computing algorithms are described by
Horst (1961b; 1965 pp. 569-576). In order that the pro-
gram could handle the amount of data involved in this part
of the study it was found necessary to modify Horst's pro=-

gram so that only one set of weights was derived, that
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yielding the maximum sum of correlationsé. Despite this
modification it was found that the program could handle
only 16 of the 27 sets of marks on the computer used. A
table of random numbers was used to select 16 markers from

the 27.

2. Reliability of Style-content markers

The procedures used were identical to those used with
the mechanlcs markers scores with one exception. Because
there were 16 style-content part scores, as compared to 6
mechanlics part scores, the computer used was able to handle
the data of only 6 markers. Because the sample that could
be used was so small, two random samples of the style-con=-
tent markers were selected and independently analyzed by
the Horst procedure. In the analysis involving the Creager-
Valehtine and Gullford procedures all 21 style-content

markers were used.

6In preliminary work with the program, using three
mechanics markers scores, it was found that the additional
orthogonal sets of welghts, that may be extracted, produced
linear combinations of part scores correlating much lower
with each other than did the raw scores.
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Table Bl

Mechanics Markers Creager-Valentine Weights

112

Marker Part Score
No Spelling Punctu~ Word Grammar Sentence Form
* ation Usage Errors
1 .60 .98 1.00 1.12 1.19 1.04
2 .72 1.52 1.40 1.42 1.77 1.42
3 .61 1.02 1.22 1.07 91 1.02
L 66 1.06 1.24 2.76 2.98 1.07
5 65 1.15 1.67 1.95 1.28 1.69
6 .86 1.92 2.50 1.29 2.47 1.60
7 .60 .89 1.29 .82 1.07 1.17
8 .63 1.17 1.05 1.08 <93 1.27
9 63 .93 .93 .89 1.16 1.15
10 64 1.07 1.34 1.28 1.64 1.61
11 .68 1.20 1.45 1.31 1.14 1.29
12 .81 2.04 1.83 1.90 1.80 1.33
13 .63 «93 .91 1.35 .86 1.32
14 W61 .78 1.02 1.53 1.10 1.28
15 .66 «93 1.31 1.17 .96 1.07
16 63 1.18 1.47 1.47 1.16 1.59
17 o71 2.26 2.16 1.81 1.31 1.51
18 .60 1.15 1.20 1.43 1.00 1.18
19 «58 «99 1.06 .88 1.04 1.87
20 .65 1.24 1.47 1.69 1.81 1.37
21 .68 .89 1.09 1.09 1.27 1.02
22 67 1.52 1.29 1.72 1.54 1.49
23 .64 .89 .95 .79 1.33 1.79
24 .62 1.25 1.07 1.22 1.03 1.52 .
25 .64 .85 1.26 «99 1.30 .89
26 .58 79 AN el .97 1.17
27 .63 1.46 1.74 1.56 1.68 1.63




Table B2

Mechanics Markers Guilford Weights
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Marker Part Score
No Spelling Punctu-  Word Grammar Sentence Form
* ation Usage Errors
1 «52 .80 «82 «93 1.06 .96
2 52 1.19 1.18 .93 1.15 1.37
3 .56 .98 1.19 1.03 .85 ool
L «56 .96 1.0 .81 .87 1.03
5 o 54 1.03 1.49 1.80 1.11 1.48
6 o 54 1.38 2.25 = .9 1.88 1.52
7 " «53 .73 «99 .68 .89 1.07
8 .56 1.06 .99  1.04 .88 1.21
9 055 084 086 075 096 1009
10 «50 1.0 1.27 «99 1.13 1.56
11 .56 1.0 1.16 1.10 .89 1.12
12 .63 1.60 1.43 .88 .87 1.22
1 e51 .80 77 1.21 69 1.25
1 v 52 71 .83 1.39 .92 1.19
15 .56 .86 1.18 1.07 .82 1.00
16 <53 «99 1.15 1.26 «97 1. g
17 55 1.69 1.99 1.49 1.05 L
18 ¢53 1.11 . 1.01 1.34 .80 1 08
19 *53 «90 .98 o 74 .88 1.78
20 «59 1.19 1.29 1.23 1.31 1.26
21 «59 .81 1.00 .96 1.11 »92
22 o 54 1.40 1.16 1.10 1.02 1.30
23 «51 .68 79 .68 1.05 1.72
24 «50 1.06 «90 1.08 .87 1.46
25 «53 71 1.04 «80 1.16 .86
26 «50 o 74 .81 .80 .78 1.10
27 «58 1.27 1.40 1.30 1.22 1.49
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Table B3
Mechanics Markers Horst Weilghts-raw scores
Marker Part Score
No. Spelling Punctu~ Word Grammar Sentence Form
ation Usage Errors

1 .07 <01 .02 «00 .01 <Ol

3 .07 «03 .02 «03 .03 .05
L .07 .01 .03 =.01 «03 .07

6 «07 -,01 - Ol «03 02 .03

7 .06 .01 .03 .01 .01 <04

8 .07 .01 Ol <04 .01 .06
11 - .07 .03 .02 .01 .02 <0l
13 06 . .01 .02 .02 .01 .02
14 .06 .02 .03 .01 .02 .07
15 .07 .01 .03 .02 .02 .05
20 .08 .02 .02 .00 .0b4 .05
21 .07 .03 .03 .01 .01 04
22 .06 .06 .02 «02 .02 .05
23 .07 .01 .03 .01 .01 .08
25 .07 .02 .02 .00 +03 <Ok
27 .08 01 - .01 .02 .03 .05
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Table B4

Mechanics Markers Horst Weights-z Scores

Marker Part Score
No. Spelling Punctu- Word Grammar‘ Sentence Form
ation Usage Errors
1 .83 «07 A4 .02 .08 .16
3 e75 15 .08 19 22 22
L .75 .05 15 .05 .18 .26
6 .86 -.05 -.08 19 .07 10
7 .76 .08 .16 11 .04 .15
8 «83 .05 .18 «20 .08 .18
11 77 13 .07 .07 12 12
13 79 .08 12 .11 012 .06
14 .68 .18 .18 «03 .10 22
15 74 .07 .11 012 14 .19
20 .86 .07 07 =.01 .18 Al
21 .76 17 15 .09 Ol .15
22 .67 .22 .10 .08 .15 13
23 .85 10 17 .07 .03 .16
25 .78 13 .08 .02 .16 .18
27 .84 o o .08 17 12
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Table Bj
Mechanics Markers Horst Welghts«Spelling Omitted~z Scores
Marker Part Score
No. Punctu- Word Grammar Sentence Form
ation Usage - Errors

1 «33 19 «29 34 «37

3 46 14 32 43 43
L 32 .18 -.0h .62 «38

6 .19 .01 53 .28 «35

7 .29 27 22 31 .36

8 «33 o31 46 41 49
11 «30 «20 27 L 31
13 «35 37 25 «29 <33
14 <39 34 .16 .28 42
is <29 24 «25 .38 48
20 31 .26 .25 «36 .36
21 24 16 .25 .38 49
22 o34 22 .11 «36 48
23 .51 .18 A4 «51 .18
25 27 31 «29 «30 «36
27 .26 -.03 .32 A48 <39




Table B6

Style-content Markers Creager~-Valentine Weights

Scores

Part

11 12 13 14 15 16
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Table B7

Style~-content Markers Guilford Weights

Scores

Part

11 12 13 14 15 16
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APPENDIX C

STABILITY DATA

STYLE-CONTENT MARKERS



Table C1

Coefficients of Concordance

for Topics Marked at the Same Time
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Marker | Within Marker W's Topic Between Marker W's
Noe | c.vwts. | G wts. | M- C-V wts. | G wts.
14 767 .785 671 679 o794

67-3 -?58 .812
6?-14' 07614' -6’4’9
Medlans . 65 . 66 . 7L} . 72
Table C2

Coefficients of Concordance for All Topics

Marker

Within Marker W's

Between Marker W!s

No Topic
¢ No.
C-V wts. G wts. C=V wts. G wts.
14 679 746 67-1 679 794
1?7 U467 «523 67=2 o715 612
67=3 .758 .812
67=4 764 649
64 «794 . 849
Medians| .57 .63 .76 .79




APPENDIX D

PROPORTIONS OF SHIFTS IN SCORES

FOR THE DIFFERENT TRANSFORMATIONS

BY MARKER



All Mechanics Markers

Table D1
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Proportions (of total of 103 essays)

Marker
Same shift in
No. Adj |C=V | G
A&SCVIA&G|CV&G[A, CVE&G

1 A2 | 41 | .3 «30 «29 ¢33 .28
2 19 ]1.30 |.2 Al 13 21 12
2 15 | .20 | .18 12 12 17 .11
10 | 462 |17 «07 .07 12 .05
5 B0 | 48 | .49 41 37 A1 « 37
6 A1 [ 429 |21 .07 .05 .21 .05
7 24 | .19 | .19 11 Alb _«16 11
8 053 050 050 0’4‘5 046 .’43 .ll-l
9 .07 | .24 | .12 .02 .02 .10 02
10 10 | .22 | .10 .08 .07 .16 .06
11 13 1.20 | .20 .09 .11 15 .09
12 10 | «35 | .18 .06 .08 15 .05
1 29 | .26 | .27 17 19 22 16
1 13 | .15 | .17 .04 .08 13 .04
15 18 ].19 .20 .15 15 17 15
16 31 | 40 |42 .28 «29 .36 27
17 18 | .25 |.27 14 13 .24 13
18 O |14 .13 .01 .01 11 .01
19 17 1 .21 | .19 .12 12 17 12
20 «50 | +52 | .49 A2 .38 A7 .37
21 09 .15 | .13 04 | .05 .10 04
22 12 1430 | .21 .08 .08 «20 .08
23 49 |1 .53 | .53 A1 o1 .50 .39
24 72 | «79 | +75 .6 .62 72 «59
25 .08 | .20 |.19 .0 .05 .16 .0l
26 «50 | +50 | .54 .38 43 .50 .38
27 02 | .19 | .25 .02 .02 .18 .02




Table D2

All Style-content Markers
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Proportions (of total of 103 essays)

Marker
Same shift in
No. Adj | C=V | G
A&CV|A&G|CV&G|A, CV&G
1 A0 | 42 |41 «37 .38 «37 .36
2 .06 | 410 | .08 .02 .03 .07 .02
3 A1 | 14 |13 .06 .09 .10 .06
L 12| .11 |.16 .06 .06 .10 .06
5 15| 15 .17 .13 11 011 10
6 A3 14 | .15 .10 12 13 .10
7 19 .17 | .19 16 .16 .16 14
8. 21 | 17 [ .19 .16 17 .16 .15
S W17 | o14 | .14 12 12 .10 .10
10 .06 .07 |.08 .03 .05 .0l .03
11 .07 | .05 | .08 .0l .01 .02 .01
12 18] .22 | .18 12 .15 .16 12
13 10| 16 | .15 .08 .09 13 .08
14 07 1 17 | o415 .05 .05 15 .05
15 17 | 423 |17 14 15 :17 14
16 .01 .10 |.08 .00 «00 .06 .00
17 .00 | .04 | .05 .00 .00 .02 .00
18 071 .12 |10 .07 .03 .03 .03
19 .08 .18 |.09 .05 .05 .09 .05
20 A4 | .27 | .20 .11 12 .19 .11
21 20 | .34 | .26 13 1l e25 13
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Table D3
Mechanics Markers used for Horst Procedure
Marker Proportions (of total of 103 essays)
No. Adjusted | Horst | Same Shift in Adj. and Horst
1 32 49 .18
3 «26 ¢35 .16
L 03 ¢33 .02
é .19 .31 .13
7 12 o3l .07
8 A5 .50 .35
11 «20 ¢33 13
13 22 .36 13
14 .05 .27 .01
15 .26 «37 «20
20 e53 49 .31
21 «03 .36 .03
22 .05 15 02
23 46 «52 26
25 .18 .28 11
27 .08 o3k .03
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Tablie D4

Style-content Markers used for Horst Procedure

Marker Proportions (of total of 103 essays)

No.

Ad justed | Horst |Same Shift in Adj. and Horst

First Sample of Six Markers

1 Sl .73 17
5 19 «50 .07
7 .18 .54 .08
11 .09 .68 04
14 .13 .65 .04
19 .09 40 .03
Second Sample of Six Markers
2 .03 «37 «03
6 .16 31 .09
8 13 o34 .09
10 .05 .38 .03 ‘.
16 .07 A7 <04

20 14 43 .07




