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Abetnact

The use of co:nputers to grade English compos:Lt;on dates
-back some six or seven years to the pioneering work of o
Ellis Page of the University of Connecticut. Most subse-
quent experimentts in the area have adopted Page's basic
approach of quantifying the "indicators™ of good wrltlng
and. relating these +to human judgments. Recently,

erdeaveors have been mide to grzde the content as well as
the styie of studer:t pap=ais. The following pages briefly
review the writings ias ithe Tield from 1966 to the present.

PRI

e S

e et e A i e 2 4o 3 v

PRRTCR SRR




No.

" No.
| No'. '

No.

No.
. No.

MNo.

No.

No.

Ne.

No.

No.

No.

No.

No.

[}

Previcus University of Wisconsin
Counseling Center Reports

Volume 4, 1970-71

Thrush,’R. S. Annual Report

' Johnson, R. W. Note on Measurement of Sex and Aae Differences on

SVIB-M.

Kirk, K. W., Ohvall, R. A., and Johnson, R. ‘W.- Vocational Interests
of Pharmacy Students.

Praamsma, S. W., and Frltz K. V. User s Manual for Item Dlagnostlc
Program (IMDL-.(:)

Johnson, R. W Congruence of SVIB-W and KOIS Interest l’roflles.

Nolting, E., and Leege, Ww. Pr1v1leged Communlcatlon -~ Rights and
Respons1b111t1es of College Counselors under w:.soonsm Law.

‘ Mendoza, G. Predlc ion of Academic and ClJ.nlcal Performance of

Phys 1cal Therapy Students.
Volume 5, 1971-72

_ThrUSh R. 8. Annual Report

Corn1sh R D. Annotated Blbllography of MHPI Research Among
College Populat:lons- 1952-1970

Fritz, K V., and Cornlsh, R D. A User's Gu1de to Scorlrg and

_Improvmg Exam:matlons Us1ng the MERMAC Test Analy51s and Ouest:.on-

naire Pa cka ge.

| Johnson, R. W., and Schwertfeger, M. Relatlonshlp Between the Bas1c
. Interest Scales and the Occupational and Nonoccupational Scales on the

Strong Vocational Interest Blank for Men.

Johnson, R. W. Contradictory Scores on the Strong Vocational Interest
Blank.

Johnson, R. W. Content Analysis of Strong Vocational Intercst Blank
for Men.

Johnson, R. W., and Johansson, C. B. Moderating Effect of Basic
Interests on Predictive Validity of SVIB Occupational Scales.

Fritz, K. V., and Levy L. Introduction to Computer Managed Ins+ruc-
tion and the Automated Instructional Management System.

Bennett, M. K. University of Wisconsin-Madison Norms for the Miller
knalcgies Test.

=




's'rA'rus' REPORT ON THE COMPUTER GRADING OF Bssm‘fs-
Lynn B. Levy and Kentner V. Fritz -

Counseling Center
Univers:.ty of W:o.sco.lsin - Madison

‘The. computer grad:lng of essays has been regarded by its crltifs
as the denumani..lng 1mpos. tion of a mechanical standard on student
pape*s. To evaluate this phenomenon, however, we need to have an |
overv1ew of what the computer does when it "grades" essa Js-wand that
:.s to emulate the grad:.n& prur.edures used by human judges, or, more

precisely, to examine papers for the at'..rlbutes of good wr:.tlng

‘ag"‘eed upon by hrinan graders. ”erhaps the first :lmportant impueat:.on

-of computer gradlng of e..,says :ls the awareness cal ed for on the

part of the grader of prec:lsely what he is responding to in an essay,
an awareness of his own cogn:lt:.ve process. ’

'Ihe publ....msd work in the area dates back to 1966. In that year
bo*u.n Ell:ls Puge s "The Iminen"'e of Gradmg Essays by Computer," and

_Arthur Da:lgon s "Conputer Grad:ms of Bngllsh Compos:lt:lon" appeared
’ Page published Grading Essays by Computers' ' Progress Reporl:" in 1967

and "The Use cf the Computer in Analyzing Siudent Essays" in 1933,

In 1969, Jack Hiller, Donaid Marcotte, and Timothy Mariin co-authored
"Opinionation, Vagueness, and Specificity-Distinctions: Essay Traits
Measured by Computer.” The first doctoral dissertation on computer
grading of essays appeared in 1971, Henry Siotnick's "An Examination
of the Computer Grading of Essays," Tha* same year, "Essay Grading

by Computer: A Laboratory Fheucninon®™ by Henwy Slotnick and John Knapp

was published. 2nd finally, in April of 1972. Thomas Knapp presented
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"Essay Topics and‘Modes and their Effects'on'Student Prose" at the

annual neetlng of the Amer1can Educational Research Assoclatlon.

Ellls Page was the first to use the computer to evaluate essays.

He broke down the grade as81gned any essay into two components, con-

tent and style. The central problem was then to 1dent1fy qua11t1es

of content and style which could be programmed for use by the computer.

- This he d1d by d1v1d1ng the qualltles of writing into 1ntr1ns1c (what
- he called the tr1ns) and approxlmate (the proxes) qualltles. Intr1ns1c

» qua11t1es are those thlngs human Judges mlght look for such as good

vocabulary, well constructed sentences of vary1ng lengths, a smooth-

fIOW1ng style, etc. Computers cannot be- programmed to look for 1ntr1n¥- :

- sie qualltles but they can look for approx1mate qua11t1es of wr1t1ng--

those quantlflable qua11t1es log1cally related to 1ntr1nslc qua11t1es.

'g For exanmle, the number of uncommon words used in an essay, the number
.of d fferent words used and the .mean number of t1mes each different

word 1s used are 1nd1cators (or proxes) of the 1ntr1ns1c quallty of

good vocabulary. The programmer can know that h1s ch01ce of approx1-'
mate qualltles is correct when the machlne s grade based on the
presence or absence of such indicators in the composition, correlates
significantly with the grade assigned by skilled human judges. Thus
approximation refers to simulation of the human product, without any
great concern about the way this product was produced. According to
Page, "all computer simulation of human behavior appears to be prcduct
simulation rather than process simulation"™ (1967).

Page's study, called Project Essay Grade, was performed in early

1965. Essays written by students in grades 8 through 12 at the
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_Un1vers1ty of W1scons1n H1gh School in Mad1son were Judged by at least

four 1ndependent graders for certain aspects of style belleved 1nde-

pendent of content. These Judgments of overall qual1ty formed the

trins. Hypotheses were then generated about the variables which might _--: . |
'be-associated with'these judgments. 'If these variablesvwere measura-

ble by'computer»and feasible tovprogram within the logistics of the

study, they'became the proxes of the study.j These.included: whether
a‘title was present, average sentencevlength, numherhof paragraphs,
‘subject-verb'openings, length of essay in words “average word length,
standard dev1atlon of word length, standard dev1atlon of sentence |
‘length numbers of parentheses, apostrophes, commas perlods,.under-‘
11ned words, dashes, colons sem1-colons, quotatlon marks, connec tlve'
words, exclamatlon po1nts, questlon marks, preposltlons, spell1ng
’errors, relat1ve pronouns, subord1nat1ng conJunctlons, common words

on the Dale l1st hyphens, slashes, etc.v Computer programs were

itten to measure these promes 1n the essays. The essays were then

' keypunched and fed 1nto the computer wh1ch generated data about the
1proxes and‘"scored"<the-papers. These scores. were then analyzed for i- ,;.“q-'
their multivariate relationship to the human ratings, were weighted
approximately, and were used to maximize the prediction of the expert
human ratings. All this was done by use of a standard multiple
regression procedure. The results of the regression analysis included
the establishment of weights to be assigned to each indicator or prox.
The weights and the -indicators' measurements appear in a prediction
equation. Based on a grader's past performance, which resulted in

S

i

: ;3

the establishment of weights for the various indicators, additional g
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papers can be examined by the computer welghted approxlmately, and
the grades the ‘judge would. have ass1gned had he evaluated the papers,
‘can be pred1cted | ' |
" The set of measures Page used produced computer ass1gned grades
stat1st1ca11y 1nd1st1ngu1shable from those ass1gned by expert Judges.
The overall accuracy of th1s strategy was startling. The computer
also did a good JOb pred1ct1ng human Judgments for a second set of
essays wr1tten by the same students. From his results, Page pred1cted
that in the future the computer would actually correlate better w1th

' human Judges than w1ll other humans

| HW1shing greater deta11 in his analysis Page broadened his cate-
gories to ineclude. f1ve pr1nc1ple tra1ts (adopted partly from the work f@ )

.of Paul D1eder1ck of the ETS Pr1nceton) 1deas, organlzat1on, style,

mechanics, and creat1v1ty. In tho summer of 1966 he called tOgether - §‘~§
a group of 32 h1ghly qual1f1ed English teachers from Connect1cut B B
- schools to see how they would handle all these traits, but espec1ally '

creat1v1ty, in the gradlng process. Each,of 256 essays was rated.on‘
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h?uy‘ggﬁ"_t - a five polnt‘scale for each of these traits_by\eight such expert
judges working independently. 1In the analysis of the teacher ratings,
the same thirty proxes were used to investigate each of the five trait
ratings. It was found that creativity was least reliably judged by
these human experts, and mechanics most reliably graded. The computer,

on the other hand, was more reliable with such difficult variables as

creativity and organization.

!
5' Page speaks to the problem of the verbal education of a computer ﬁ

b . in order to extend its use to the humanities. "The solution,” he
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ertes, "will probably be not 1n try1ng to program all the llngulstlc
responses to be ubde by the computer. Rather the SOlUthﬂ may con51st
1n‘programm1ng‘onlv a certa1n set of quasl-psychologlcal procedures,
designed to enable the computer to learn on its own (i.e., to gain
11terary eiperlence)'by read1ng in and correctly proce551ng a great
amount of approprlate text, maklng use of automated d1ctlonar1es and
other a1ds whlle d01ng so. We dream of produclng, 1n other words, -the
well-read computer. Part of. our success to date has occurred through
allOW1ng the computer 1tself in the mult1ple regre551on program, to
determ11e wh1ch analytlc we1ght1ngs are valuable" (lgﬁn

In his art1cle (1966) Arthur Dalgon talks br1efly about Progect
Essay Grade, p01nt1ng out that "At present, 1t is 1n measurements re-
lated to. style, that is, the selectlon of words and the1r syntactlc
arrangement, that the computer can tell us most ahout good bad, or
1nd1fferent wrlthg." He sees the fa111ngs of the teacher in not
being enough like a machlne. The teacher cannot accurately and con51s-
tently respond t0'dlscern1ble~elements of style. The machlne falls in
that it is not enough like a human, who can respond to meanlng, to
connotations, to figurative language. We must attempt to make
computers able to respond to substantive ideas, to "content." The
machine must be able to answer these questions: Did the student do
what was assigned? Did he deal with appropriate subject matter? Did
he supply details, expand a definition, relate cause and effect, or
use a chronological approach if any of these organizational modes were
part of, or appropriate to the assignment?

Hiller, Marcotte, and Martin (1969) selected three characteristics
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of writing (opinionation-exaggeration, vagueness, and specificity-

distinctions) for study on the assumption that single words or discrete :

phrases reliably cue the presence of such'characteristics in essays
and that such'characteristics are'related to‘essay quality. They

were 1nterested in the development of measures capable not merely of -
1ncreas1ng our ability to s1mulate teacher assigned grades bUL of o
providing useful feedback on student performance to both student and‘
‘teacher. They expected opinionation-exaggeration (authoritarian

: 'att1tLdes) and vagueness (amblguity, ha21ness) to correlate negatively

vw1th,essay quality, and SPECIfIClty-dlstlnCtlonS (examples and 1llus-

‘trations provided, use of concrete language) to correlate positively.

A total of’130'"cue" words-or phrases was placed into the computer'
opinionat1on-exaggeration dictionary, 60 into 1ts vagueness d1ctionary,_

and 90 1nto its- spec‘ficity-distinctions dictionary.

They used a set of 256 essays written by stucents at the Un1vers1tyy

of W1scons1n High School in 1963 and already used as a part of ProJect
Bssay_Grade. These essays were written in one class period the
' topic.being a common,saying: "The best things in life,are free."
Students were asked to agree, disagree, or state why they thought the
statement was neither true nor false. These essays were then searched
by computer for "cues" and the measures thus obtained were correlated
with the essay grades. As expected,“opinionation and vagueness were
found to correlate negatively with the grading criteria, and specificity
positively.

The study Slotnick reports in his University of Illinois disserta-

tion (1971) attacked three questions: "Can objective indicators be
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used to predlct the assessments of human Judges?"° Can the procedures

produc1ng s1gn1f1cant correlatlons be cross-valldated°", and "How

are the ob3ect1ve 1nd1cators related loglcally and in practlce to the
procedure by which grades are asslgned to papers’" A set of 476
essays defendlng the proposition that money spent on the space pro-

gram should have been spent on domestic problems was collected from

'sophomores, Junlors and seniors at Urbana H1gh School in Urbana,
‘ IllanlS. Elght Judges four of them h1gh school Bngllsh teacners‘
and the other four teach1ng ass1stants in a freshman rhetorlc course
at the Unlverslty of IlllﬂOlS, each graded all the .papers in twelve
:waves over 1% days on a scale of one through f1ve (one be1ng well
i . - ‘above average and f1ve, well belowD _ A multlvarlate analys1s of vari-
: -'ance was performed us1ng the Judges' ratlngs for content and style
;’lj' ' as dependent measures to determ1ne whether Judges responded d1fferently - g
to papers wrltten by students of vary1ng year 1n school and sex, or -
vpapers appearlng in d1fferent waves, and whether any d1fferences
‘existed in the mean rat1ngs asslgned by the h1gh school and college y_ | o é S
R ©judges. No significant difference was found to exist in grades TIPS
. assigned to papers written by males and females or between the mean
i grades assigned to papers appearing in different waves, except that
graders seemed to need two or three waves to "warm up" in, that is,
until they were familiar enough with the overall quality of the papess

to designate grades in a consistent manner. Significant differences

LA arida

were found in the quality of writing produced by students at different

-5’ years in school. The writing of seniors in both content and style
i;
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was superior to that of sophomores and juniors, the latter two
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:groups be1ng very s1m11ar to one another. Slotnick does note, however,

that seniors are not requ1red to take Engllsh at Urbana ﬁlgh School
and therefore senlor English classes tend to conta1n the more inter-
ested, 1f not talented students. Also, no s1gn1f1cant dlfferences f'

were found between the average grades asslgrnd by the algh school and

college raters.

Thevpapers were keypunched and examined by,computer using a set
of U6 1nd1cators -The computer's measurements were then used'in two
dlstlnct stat1st1cal procedures a regresslon analys1s and a d1scr1m1n-, .‘ ‘E

ant analysis, to. determ1ne the1r ut111ty in the prediction nf the , | 'f

_human quallty Judgments.. Three hundred twenty-s1x of ‘the papers were

used in the two strategles, the remalnlng 150 were reta1ned for use
1n,cross-valldatlon of the accuracy of the‘regres31onband discriminant
approaches. o | o | H

The flrst pred1ctlon procedure involved the step-w1se regresslon ' ‘vl f
of the 46 measures on’ the grades ass1gned by the Judges The second‘
procedure d1v1ded the papers 1nto flve homogeneous groups accordvﬂﬂ H',"
to content grades anu analyzed then to determ1ne what d1fferences, :.“l
if any, existed between the groups 1n terms cf the U6 indicators. -
Papers were assigned the grade associated with the group of papers.
they most closely resembled. Grade prediction was examined by deter-
mining how well the original papers could be assigned to their re-

spective groups on the basis of the discriminant results. The

i R e ke

papers were then divided into five groupy in terms of style, and a

discriminant analysis was again performed. The two grade prediction
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procedures were cross-validated by predicting the grades of the
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remaining lSO papsss and comparing them with the grades’aetually
assigned by the human judges. Correlations between the mean grades
assigned by the jddges and those predi¢ fed bylthe regression and
discriminant approaches werelsignificant at .01 level of probability.
However, content prediction in this study was achieved more accurately
'by regression than by discriminant analysis. |

| Slotnick and Knapp (1971) after briefly rev1ew1ng some of the
work already done in the area, report that "for now, the computer
‘ grading of essays is simply an 1nterest1ng 1aboratory phenomenon"
since not enough is known about the capability and utility of essay
grading by computer to warrant 1ts use as a production tosl for

English teachers. The purpose of‘their article is to examine_the‘

‘implications and limitationS‘of ‘that phenomenon. Among 1mp11cations e

they list are (1) growth of consciousness of purpose on the part of
3grade:s, (2) multiple grading of essays--we can get tne computer.to
predict what any number of professors would have marked any given
essay, (3) atypical papers would be spotted (say 1 in 100 or 1 in

500)--e1ther those in dire need of help or budding James Joyces,

(4) development of norms based on large-scale exams in the sense that D

it would be possible to say, "This is how students of a given age,
sex, and/or grade write," (5) student placement--colleges which de-
velop prediction equations can examine writing samples produced by
their applicants and make statements about each applicant's probable
success as a scudent writer, (6) the computer could generate first
rewrite suggestions-~this would relieve the teacher of some theme

grading demands while requiring that he retain responsibility for

31
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grade assignments. To facilitate this we need to develop accurate
character readers (i.e., a machine which can read typed or printed
matter and put it on magnetic tape or punch cards). The authors note
that character readers claiming some fair degree of accuracy already
exist.

They conclude by stating that the approximate qualities we examine
must extend more solidly into the aspect of content. We nmust determine
how intrinsic qualities vary from one age group to another, from topic
to topic, mode to mode, ete. Much more must be learn2d about language
and the process of human communication.

Thdmas Knapp's peper (1972) reports the result of a study concerned
with the effect of essay topic and mode of discourse assigned on some
of the mechanical measures whick had been found in previous investiga-
tions to be predictive of overall quality. Six hundred forty-three
secondary school students from the Rochester, New York avea, stratified
by grade (8th and 11lth), sex,-and community type (inner city, suburban,
rural) were randomly assigned one of nine essay-writing tasks degigned
to tap *hree broad topics (self, school, society) at each of three
modes of discourse (narrative, descriptive, argumentative). All the
essays were written under typical class conditions. Each was coded
and keypunched with all errors intact. Knapp found that the topic and
mode of discourse did have an effect on the mechanics of essay writing.
This effect was strongest on total number of words (the narrative mode
was lengthiest for all three topics), totél number of common words
(most for argumentative--self and narrative--school) , number of

interrogative sentences (most for argumentative--society and argumen-
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tative--school) and standard deviat:;on of word length (greatest
deviation for all three modes on topic of society).

More of these types of studies must be undertaken if we are to
learn enough about the process of writing and grading to enable us to
accurately analyze the product. "In summary, the analysis of student
writing seems one of the major educational contributions which the
computer is destined to make. Such essay analysis has always been an
important job for the teacher, demanding his best dedication and
intelligence. Therefore it is not surprising that mechanical 'dedica-
tion' and artificial 'intelligence' should assume some of the respon-

sibility in our increasingly computerized world" (page, 1968).
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