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CHAPTER T
INTRODUCTION

‘This has been an investigation of the eye-movéménts in
feading of three groups of Unilversity of Michlgan professors
representing the fields of physics, histery, and sducation.
Each professor read s passage from each of “these thrsee sub ject-
matter areas before an eye~movemenit camera. The passages were
designed to be equal in difficulty. For comparative éﬁd con=
ﬁroi purposes, & groﬁp of.teacﬁing fellows fﬁom gach of these
departments was run through the same experiment.

The investipgstion was undertaken In an attempt to obtain.
answers by the eye-mcvement technique teo the following ques—
tlons:

(l} Are different types of reading induced by different
kinds of subjJect-matter? |

(2) How does famlliarity with the materials of a given
fleld affect reading performance in that f1leld?

(3) How does specislizing on the materials of a given
fleld affect reading performance in other filelds?

(4) What individual differences in reading performance
exlst among individuals who have chosen scholarship as a
career and who may he presumed, therefore, to be among the

very best of readers?



(5) Whet evidence may be adduced for claims which are
frequently mads that there q;e Individuals who can read whole
lines, or sven paragraphs, in a2 single glance or fixation of
“the eyses?

(6) Do superlor readers, as frequently alleged, exhibli
rhythmioal.patterns of eye-movements whlch remaln more or
1sgs conshant from lins to line?

The first and second questlons constitute the primary
issues of thls investigation, The third‘question grows out
of the first guesitlon. The fourth, Lfifth, and sixth ques-
tions are sacondary in nature. In ths next chapter an effort

will be made %to show how the two primary questlons emergs

from a consideration of the exisiing literaturs.



CHAPTER IT
REVIEW OF THE RETATED LITLRATURD

Excellent histories of the deveiopment of techniques for
recording eye-movements in reading may be found in sevaral" |
places in the 1iterature. Huey (25) wrote one of the early
classlics on the psychology and pedagogy of reading, and his
volume remains a standaidvsourcs book. A more recent account
of the hlatory of sye-movement recording appears in a new
bock by Carmichael and.Dearborn {(10). In view of the fact
that there already are adeguate accounts of thé history 6f
gye=movement recording in the literature, 1% soemed unneces=
sary to prepare. another account of this history iﬁ‘the prege
ent work. It should be sufficlent merely to note that there
are two ﬁays of recording eye—mdvemeﬁts currently in use.
-One-méthod utilizes the principle of corneal reflection, in
whlch a camera phobtographs a reflected beam of light from the
cornsa of the eye'on a strip of moving film. The other 1z an
8lectrical method, in which the changes Iin electrlcal poten=~
tlal resulting from the reaction of the eye musclies in read-
ing are recorded on paper tape by means of an ink-writing de-
vice. Hoffman, Wellman, and‘Carmichael (23) have found that

results obtained by the two methods are highly related. How-

3



ever, Tinker, after careful study of the advantages and dlse
advantages of each method, concludes that "the corneal re-
flection technlque of photegraphically recordlng eye-move-
ments»remaiﬁs'the most satisfectory method for use in read-
ing investigations."l Tinker bases his contention on the
fact that the photographic method yields the more accurate
éﬁdiexact record. The photoegraphic method was used in this
investigation.

The question of the reliabllity and walidity of eye-
movement records obtained by the photographlic method has
also been thoroughly investigated. After a careful review
of all of the evldence, Anderson and lorse (5) clearly dem-
ongtrated that aye-movemeﬁt méasures plbtted from phétographé
ic records ars both reliable and valid when reading passages
of sufficlent length ars ussd. The results of thelr study

indicate that ten lines of material are more than encugh for

group comparisons. The passages used in the present study

comply with this requirement. In view of the fact thalt the

reliabllity and validity of eys-movement measures seems to
a seti uegstion, noe speclial shudy was made of this

be ettled g tion, pecial study v ad T thi

problem elther in the present Investigation.

1. The Concept of Types of Reading

The 1dea is frequently expressed in the literature that

different types of subject-matter require different types of

i11es 4. Tinker, "The Study of Eye Movements in Read=
ing," Psychological Bulletin, XILIII (March, 1948), 94,




reading because of the inherent nature of the material. Ad-
ler, in the followlng guotatlion, has pointed out what to him
seom to be the fundamental distinctions between history,
selsnce, and.philosophys

History is Lnowledge of particular avents or uhings
which nob only exlgsted in the past but underwent a ssries of
changes in the courss of time..... The historian narrates
tha. hapneq ings and often colors his narrative wlth some come
ment on, or inelipght into, the significance of the eventsS.s.es
Sclence 1s not concernad with the past as such., It treats
" of matters that can happen at any tlme or placs..e.ss FPhilos-
ophy %s J3ike sclencs and differs from history in that 1t
sesks general btruths rather than an account of particular
past nvants...,, If a theorsetic book refers Lo things whic
1*e oubside the scovs of your normal, routine, aaily exper—
lencs, it i1z a sclentific work.ss.o In contrast a philogoph-
ical book apneqls t0o no fao;s ow dbsorvatlons Wthh 11le out=-
slde the sxpsrience of ths- Inary mane-

Efforts bto dlstinguish Dbetwosn various types of sﬁbjact-

matter constltute only one side of the problem. There is

the other questlon of.relating these differences to the
method of reading., $evevai worlkers have volced thelr opine
lon with regard te both gusstions. Thus, Artly flrsh points
out thai "the extensive treatment of history and 1iteratﬁfe;
for exampls, contrasts with the intensive presentatién of

the mathematics cantent.”E And he then goss on to say that
in the reading of history and litsrature "the reader may
skim, reéad rapidly, or vary hils rabe of reading as the ideas

change in importancs, but in mathematics he rust do a de=~

Mfortimer J. Adler, How o Read a Book, pp. 152-54, 156.
New York: Simon and Schus»er 1940,

%A, Sterl Artley, "Influence of the Field Studied on the
Reading Attltudes and Skills Needsd," p. 41 in Improving Read-
%25 in Content Flelds. Supplementary Educational onographs,

No. 82, Chicago: The University of Chlcago Press, 1947.
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tailed, careful, and analytical type of reading."l Similape
1y, lLeary and Gray declare that "reading a llterary selsction
s quite a different thing from reading a passage in mathe=
matics, sclence, or hlstory..... The abllity to skim whilch
is highly useful in novel readlng has 11lttle applicatlon in
reading the extromely compacth contenf of.science."g

MeCaul has sven gone so far ag to recommend setting up
an enbire remedial-roading program hasged on>the i1dea that
different types of subjectnmatter-cail forth differ@nt types‘
of reading. He stabes that data sesured from reading tests
usually reveal four.éléssifications of poor readers: (1) stu=-
dents who understand what they read, yet read too slowly; (2)
students whose comprshension 1s poor because they are unabls
to discriminate between ths Important and unlmportant and to
organlze what they read; (3) studsents who'comprehend pgorly
because they read too rapidly and too superficlally; and (4)
gtudents whose inferior reading speed and reading comprehsene—
sion result from a limited veoeabulary. In sﬁggesting traine
ing materisl for sach of thess groups, MeCaul says that "Eng-
lish literature will furnish bthe materials for speeding up
the slow readers; some one of the soclal studles, the matere
ial for increasing the pupils! abllity to organlize what they

read; science or mathematics, the materials for developing

1114,

_ ®Bornice E. Isary and William S. Gray, "Reading Problems
in Content Fields," p. 131 in Reading in General Educabtion.
Washington: Amerilcan Council on Rducatlion, 1940.




precise, accurate raading."l

In general, it may be sald that the concept of types of
reading is based on the reading rates whlch seem most appro=
priate for different kinds of material: a slow, carefulvrate
for the detailéd and compact content of science materials; a
rapid, sklmming rate for the stery type of content; and a
relatively rapid rate for the extenslve andvexpéhsive content
of the social sbudies. As will be made clear later, the
prasent‘investigéﬁion was_desigﬁed in terms of this concept
of types of reading. A further effort Wili be made firat,
howevar, tc define the problem in the light of the related
Ilterature. This literature will be reviewed in two‘parts.
The first part will deal with studies of the relationship
between reading performancs on different types of material,
These studles show that reading performance tends toube
speclfic to the content. The second part of the review will
deal with studies inguiring into the nature of thils séeci-
fieity.

2., Studies of the Relationship between Reading
Performance on Different Types of Material

Computing correlations bebwesen the results obtalned for
the same group on different reading tests has been a common

method of studying the relationships which exist between

: IRobert L. MeCaul, "Hconomical Training in Readin
the Secondary=School Ievel " High School Journal, XXI %April,
1938), 118, _




resding performance on different kinds of content. The ldea
boehind thils approach is that it might throw light on the is-
sue of general versus specific reading abilities. ILow corre-
1atibns might point to specific reading abilitiss, high cor-
pelations to a general reading ability.

Thusg, with reference to the way in which people rsad
different materials, Robinson and Hall have asserted "reading
in different subjeét flelds is not highly related.;..; On
the other hand, reading in different topios in 8 glven fileld
1s qulte consistent."’ Robinson and Hall base this assertion
on a study in which relatively low intercorrelatlons were
found between reading scores on art, geology, flectliom, and
history reading tests given to 205 éollege stﬁdents, but in
which a very high corrslation was found between reading
scoras on a test of Canadian history and one of Russlan hils-
tory., For'example, a correlation of only'.25 was found be-
-tweén camprehehsicn scores on art content and geology con-
tent, whereas a correlation of .96 was found between compreo=-
hension scores on the Russian hlstory and Canadian hilstory
tests. Similar results have been obhained by Pressey and
Pressey (38), who scorrelated scores made on four highly re=-

liable reading scales with the following outcomes:

General 1 vs., General 2 1 = .85
General 1 vs. Postry T m OB
General 1 vs. Sclentific r = 35
General 2 vs. Poetry Y = WOl
General 2 vs. Scilentific r = .49
Poetry vs. Sclentiflec r = .56

IFprancis P. Robinson and Prudence Hall, "Studies of Higher-
level Reading Abilities," Journal of Tducatlional Psychology,
XEXIT (April, 1941), 246-47,




<0

Bven when scores on different standardized reading tests
are correlated, the correlations turn out qults low. For ex-
-ample, Strang {(48) compared paragraph comprehension as meas-

ured by the Minnesota Reading Examination with paragraph com-

prehension as measured by the Iowa Silent Reading Test. She

obtained a correlation of only .28 bebtween the results on the
two teéfs,. Similarly, Gates (1%7) compared spesd of readlng
on the Brown Test with speed of veading on the Courtis Test,
and obtained a correlation of only .53 between the itwo. Re=-
sults reporited by Broom, Douglas, and Rudd {(7) have the same
signiflicance, namely; that the correlationg obtalned between
standard reading tests are often low. It ls only when the
materials of the two tests are similar that high obrrelations
are found. Thus, Paterson and Tinksr (56) corrslated scores

on two forms of the Chapman-Cook Speed of Readlng Test and

obtalned a cqrrelation of <86,

Incidentally, the same situation prevalls when eye-
movement measures are corrslated with a paper~and=-penclil
criterion. Imusg, Rothney, and Bear (28), Eurich (14, 15),
and Iitterer (31) have all found low correlations when the
material read before the camera and the content of the cri=
terlon were not comparable. On the other hand, Tinker (54),

by using two selectlions from the Chapman-Cook Speed of Read-

ing Test as the material read hefore the camera and scores
on the entlire test as the criterion, found correlations
ranging from .80 to .99 between fixation frequency and the

criterion score.
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The results of the studles reviewed in thls section may
pe surmarized as follows: Vhen the materlals read are com-
parable or are selscted from the same field, high correla-
tions between the results on different reading tests will be
obtained. ¥hen the materials are not comparable or are from
diffepront fields, low correlasbtlions will be found. The liter-
‘ature reviewed In the next section will Inquire inte the
nature of the spacificity which resulis whein the maberials

ragad are Trom different flelds.,

of BEve-llovements wlih HRefersence

3. Studiss
to Different Types of Content

The 1dea that différent types of reading are assoclatled
4with different kinds of subject-matter may be traced to the
plonser work of Judd and Buswell (27). In this study, sye-
nﬁvemant reéords were made of five university students resad-
ing flction, geography, rhetorlc, easy verse, French grammar,
blank verse, and algebra, Talkle i swmmarizes thé results for
'fixation frequency, the most significant single measure of
aye-novenments, for the four subjects on whom dalba are re=-
ported in the published account of this work.

The table clearly shows that there is some variation
from passage to passages and also some uniformity in the pab-
tern of that variation from subject to subject. The notable
exception 1s the case of CB who read algebra almost as effic-
iently as fiction and blank verse more effliclently than easy

versge.



TABIE T

AVERACGE WNUMBER OF FIXATIONS PER LINE FOR

. DIFFERENT TYPE3 OF MATERIAL

(After Judd and Buswell)

Subjects

Passages
GH (1 - PM CB
TIiCction esecesccsscoss G.1 8.5 6.2 Qe
GeographY cecoconsans 7ed 11.2 | 7.9 Be5
Rhetorle cocecocccecs Beb 11,7 77 Bad
Easy Verso eececcccess Ged 15.1. 8.4 10.0
Fronch Grammar .eceecee 10.6 14.1 8.0 1l1.8
Blamk Verse eeeeesseo] 11.9 | 16.8 | 8.5 96
Algehra ceececccccasss! 12.5 14,4 Te5 8.1
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Judd and Buswell have entitled the report of thelr worlk,

Silent Reading: A Study of the Various Types. They based

their concept of types of reading on the finding that differ-
st Tinds of subject-matber tend to be read ab different
rates. Avropos of this finding, Judd and Buswsll have sald
that "the present monograph has shown that there are man1~
fold vafiations in the reading process induced by changes

in subjeot—matter."l Judd and Buswell have pointed out fhﬁ
practical application of thelr finding in another place in
the monograph where they state that "there is need of tralne
ing in methods of silent reading of science material, and
there 1g nesed of a different typs of tra*ning in the sllent
reading of literature." ne If the diffew mees in the nature

of the content are the cause of the variations in reading
Aperformancé, then there is some foundation for MeCaul's

plan of training, since, in generdl Judd and Bﬁswell's sub= 1
jects read fletion reTat Lvely Pﬂut and algebra relatively
slow,

Is the varlation in the pattern of the subjects! per-
formance, as found by Judd and Buswell, evidence that differ-
ent types of material require different types of reading?

The answer to this question is complicated by a number of

other questions which can be raised regarding Judd and Buge-

1Charles Hubbard Judd and Guy Thomas Buaswell, Sllsent
Reading: A Study of the Varilous Types, p. 151. Supplement=-
ary EducatIonal Monographs, No. 26. Chicago: The Unlversity
of Chicago Press, 1922.

2rpid., p. 6.




wall's work. First, are the differences reported in Table I
significant? o statistics are presented in the report to
angwer this question. Second, was the pabttern of variatlion
related Lo the order of difflculty of thelselections, as de=-
‘termined by the vocabulary load, sentence length, complexity
of logic, and so forth? Once agaln we are left in doubt, o
gince no difficglty indexes are reported for the various
passages uéed. However, Judd and Buswell do state that

thore were differences 1n ﬁhe difficulby of the passages,

but the nature of these difficulties are not described and

no éffort was made to relate the results te such differonces
in difficulty as may heve exigted among‘the passages._ Third,
t0 what extent were dlfferences in the famlilliarity with the
méteriéls of the different fields a8 factor in the variation
of the reading performances? Mentlon has been made of the
record of subjeqt.CB who read algebra almbst as efficliently
as fictlon. Thig subject may have been an expert in algebrs,
although we camnot be sure of this in the absence of any
specific informetlion on the point.

Judd and Buswell's study really does not perﬁit a satis-
factory explanation of the varlation of reading performance
from passage to passage or the variation in the pattern of
performance from subject to subject. However, thelr study
was primarily explorstory in nature and could not be expected
to resolve all of the questions which this revisw of thelr
study has raised.

Having some of the same import as the results of Judd
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and Buswell are data reported by Terry (50), who recordsd
the oys-movements of six male graduate students reading
simple arithmetlc problems, numerals isclated in lines, and
ordinary expository prose. He found that the prose material
was read at a significantly higher rate than either the probe
léms or the isolated numbers. Thls finding seems teo indlcate
- once more that mathematical material contalns elements of
difficulty which make for o slow rate of reading. Iz that
true when an individual ié an expert In the fial.é

Tinker (51) has reported the results of a study which
in many ways 1is an extensién‘of Terry's experiment. Tinkexr
photographed the eye~-movements of sixteen college students
reading a passage of algebra which includsd a few algebrailec
formulas. A comparison was made of the eye-movemenbt scores
on.ﬁhose lines in the passage which contalnsd formulas wilith
those lines which did not. The results show that all sub-
jects read the lines without formulas more effliclently than
the lines with formulas. The group Includad flve Subjects
who had teken courses ih calculus in college. The other
eleven subjects had not taken any work in mathematics beyond
arithmetic., It is interesting to note that the five students
who had taken the more advanced work in college mathematics
performed mors efficisnﬁly than the eleven subjects who had
not taken this advanced work. Thils finding implies that
familierlty with the materials of the fleld of mathematics

promotes more efflcient reading, aithough the five subjects
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with the more advanced mathematical training may have also
been more hipghly selescted and for that reason turnsd in the
better reading performance. In any case, the.guestion stlll
remgins as to how the reading of the mathematics méterial '
would compare with the reading of pross. Tinker attempted
to answer this question by including a passage of scientiflc
| prose as a part of the test materlal in his experiment. The
subjects on the whole fead the prose materlial more efflcl-
ently than the algebfa.passage; which seems to lend support
to the 1ldea that some materials by virtue of thelr inherent
nature call for a more meticulus type of reading and hence a
slower rate. However, on closer inspection one discovers
that the scilentific prose selectlon used was a description
of an experiment with rats in the psychological laboratory.
Since Tinker'!s subjects were primarily psychology students;'
the conclusion might well be that Tinker's study demonstrated
the importance of background and familiarity rather than the
exlstence of types of reading for different types of materlal,
inasmuch as all the subjects may be presumed'to have been
more famillar with the material of psycholegy than with the
mathematics content. A further complicatlon is that Tinker
dld not equate the algebrs and prose passages for objective

difficulty.l

1By objective difficulty is meant the difficulty as de-
termined by formulas for estimating the difficulty of reading
mfterial. These formulas do not take the factor of famillar-
1ty into account., Familiar material may be easy, unfamliliar
material hard; but objective difficulty is another source of
veriation in reading performance.
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A descriptibn of three more recent studies will bring
this review of eye-movement studies up to date. All three
have followed a pattern In which the subjects read equated
paséageé from différeﬁt subject-matter areas. Stone (47)
photographed the eye-movements of 64 New Yorlk Unlversity
froshmen while they read passages from mathematics, bilology,
English, educatlonal psychology, a physical sclence, and a
social science. Seibert (46) conducted a similar expsriment
- using 60 eighth-grade students as subjects and test passages
from mathematice, biography, adventure, a physical science,
history, and geography. Finally, ledbetter (30) recorded
the eye=-movements of 60 eleventh-grade puplls while they
read equated material from high scheol textbooks in English,
mathematics, gclence, and soclal science. In all three
studles the eys-movemsnts results varied from passage to
passage. There were wide individual differences in the pat=
tern of the variation from pessage to passage. The individ-
ual dlfferences which existed among the subjects for the ssme
passage within each study were vastly greater than either the
Individual or group varlation from passage to passage.

Table IT presents a summary of the critical ratios which
exlsted between the mean eye-movement and comprehension scores
for various combinations of the four subject?matter areas
which were common to the three studles. Nine of the critical
ratios reached the 5 percent level of confidence. Four of
these critical ratios involve eye-movement measures and five

the comprehension scores on the passages.



TABIE II

SUMMARY OF CRITICAL RATIONS BETWEEN MEAN EYE-MOVEMENT AND COMPREHENSION SCORES
FOR VARIOUS COMBINATIONS OF THE FOUR SUBJECT-MATTER AREAS
COMMON TO STUDIES OF SEIBERT, LEDBETTER,AND STONEY

Seibert (8th grade) Iedbetter (1lth grade) Stone (college freshmen)
Sub jects Comparedif - - ‘
Fixa~| Regres~{ Compreo- Fixa-|Regres-| Conmpre- Fixa-|Regres-|Compre=
Rate| tions| sions |hension|Rate| tions| sions | hension|Rate|tions| sions lhension
English-
Mathematics 1.71 «50 «66 2.88 |1.41}f 1.47 1l.34 77 | 1417) 1.18 1.39 43
English- A
Physical Sciencef 1.12f l.24 2442 2.62 27 24 1.00 1.42 | 1.65 73 .03 1.03
English-
Soclal Sciencse 1.56] 1.65 2+50 37 «95| 1.04 30 79 | 1.01 «56 56 257
Physical Science- '
Mathematics 1.80 75 1.90 «18 [1.73] 1l.68| 2.26 004 | mmem| ===~ ——— ———-
Physical Science- ' | '
Social Science A2 .39 .00 2.05 |1l.24] 1.25| 1l.29 62 | mmmm] mees] meee ———-
Social Science-
Mathematics 2.23 1016 1.96 2027 059 . 039 1.05 007 - mememel - —————

1In thils and

all other tables containing eritical ratios, a single line under a figure identi-
fies a value significant at the 5 percent level of confidence, and a double line a value significant
at the 1 percent level of confidence.

-
.\’I
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The results as a whole are difficult to Interpret. In
the first place, a comparison of the results of the three
gtudles reveals that there was a lack éf unlformity in the

pattern of the results. Tor examplé,.Seibert's subjects'
read the mathematics passage more rapidly than they read
the Inglish passage, while Iedbetter's eleventh-grade sub-
'jects reversed thls relationship. To take another example,
Stonel's college freshmen read the physical science passage
more slowly than they read the soclal science passage,
whiie both Seibert's and Iedbetter's groups revsrsed this
relationship. In the sacond bléce, although Stohe, Seibert,
and Isdbetter each stated that thelr passages were about
aqual In terms of sentence length and vocabuiary level, they
apparenﬁﬂy did not resort to the nse of formulas for esti-
mating the difficuliy of material. The present writer ap-
plled both the Flesch and Lorge formulas to the passages
used in the three studlies and discovered that there were
differences in the difficulty of the passages in each study.
Furthermore, the wrlter was uneble to discover a uniforﬁ ro-
latlonship betwesn the difficulty of the passages and ths
eye-novement measures. Tc give an example, Selibert's mathe-
matlcs passage was the easiest of the selections used in hils

study, and 1t was also the passage whilch was read most effic-

iently by his subjects. The mathematlcs passage happened to
be the easiest in Iedbsettar's study as well; yet her subjects
read thls passage less efficlently than any of the others

which she used. A third factor which prevents confident
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akappretatlon of the resulis of Sbtone, Seibert, and Iedbet=-
interp s ’

ter 1s that in none of these studies were the subjects de-
partmentalized sc that it is impossible to ascertain just

hovw the special Interests of the subjecis may have arlfflected

the variation in the reading performance., In other words,
ingofar as the eye-movement evidence 1s concerned, the ques-
tions originally raised by Judd and Buswell's study remain

unanswered,

4. Summary of Review of Related ILiterature .

Cn the basis of the literature reviewed in this chapter,

we can séy definitely that reading performance is likely %o
vary from one type of material tc another. We cannot say
forsure whether these variatlons are due to differences in
the difficulty of the materlal, whether they are due tc the
fact that diffsrent types of material recquire different
types of reading, whether they arse due to differences in the
fmniliafity of thé material,‘of to what extent both types of
reading and familiarity with the material may be factors in
reading performance, In any case, the lssue seems clearly
drawn: types of reading versus familiarity with the mater=-
ial, The way in which the present investigation was designed

to resolve that issue 1s described in the next chapter; where

the significance of the investigation will also be discussed.



CHAPTER IIT
THE PROBLEM

1. General Design of the Experiment

Ahy experiment which seeks to answer the questions posed
at the concluslon of Chapter II would seem.to requlire the
folloﬁing conditlons: ”(1) the passages to be read should be
selected from different sub ject-matter afeas; (2) these pas-
sages should be equated for objectilve difficulty by the best
mothods; (3) the subjects should have been trained in the
sane content flelds as those from which the passages were
taken; and (4) each subject should be required to read the
passage from his own field, as well as those from the other
fields.' These conditlons were met in the present study by
using passages selected from the fields of education, physics,
and history. The passages were equated for difficulty by
means of standard formulas. Professors and graduate-students
from the Physics and History Departments and the School of
Educatlon at the University of Michigan served as subjects,
and each subject rqad all three passages befora an eye-move-
ment camera. The graduate-students were Included for com~

parative and control purposes.

20
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2. Relation of Primary Problem to the Design

-

The way in which the main question of this investiga-
tion may e rélated to the design of the experiment is as
follows: If all of the.éubjoct groups read the physics pas-
dé ét a slower average rate than any of the other passages,
the inference might-be that sclentific material calls for a
glow, meficulous, and detalled type of reading. Similarly,
17 all of the subject groups read the history passage at a
faster averare rate than any of the other passages, the in-
ference might be that history material calls forth a rapid,
fluent type of reading. If, however, all of the subject

groups achieve their fastest average rate on the passage

from their own field, and if gignificantly different average

Cde

rates arve not used by the education subjects in reading the
physics and history passages, or by the history subjects in
reading the physics and educatlion passages, or by the physics
gubjects in reading the history and education passages, tho
ideas that a slow, careful rate of rceading is associated
with scientific material and.a rapid rate of reading 1s assoc-
iated with history material might be discounted and familiar-
ity would emerge as the principal condition. Finally, how-
ever, if all of the subject groups achieve their fastest
average rate on the passage from their own field, and if the
oducation subjects read the physlcs and history passages atb
significantly different rates, and the history subjects do

read the physics passage at a slower average rate than the



22

education passage, and the physics subjects do read the his-
tory passage at a faster rate than the education passage,
then both the factor of famlllarity and the existence types
of reading for Specific content would probably need to be
recognized.

Closely related to the problem of types of réading for
specific content is the questlon of how an individualtls read-
-ing'perférmancé in his spsecial field compares with his read-
ing in other fields. A cormon noﬁion i1s that those persons
who dontinually work and read in a technical field 1like
physics become slow readers in eﬁefything. If the results
show that the physics subjects read all of the passages at a
slower average rate than the other groups, the notion would
seem to be supported. However, in that event, another ex-
plenation which might be suégested is that physics as a
content fleld operates to select people who are slow readers
to begin with, and that training in the field may have noth-
ing to do with theilr slow rate of reading. The graduateé
student groﬁps were lincluded in the study partly to obtain a
check on this possible explanation, if it did turn out that
the results supported the hypothesls in question. If the.
physics graduate-students tend to read at a slower rate than
the other graduate-student groups, the i1dea that physics se-
loects slow readers would seem to‘gain support. If, however,
the physics gfaduate-students tend to read at about the same

speed as the other graduate-student groups, but faster than



the physics professors, the results might then be interpreted
to mean that long speoializatioﬁ in a technlcal field doss
alow down a person's reading generally. Such a finding would
be particularly significant, if it was found in addition that
the other two groups of professors were generally no slower
than the graduate students in thelr departments. This addi-
tional finding would rule out the possibility that the slower
performance of the physics professors was due to agin&. on '
the other hand, familiarity_cgn also be a factor in the read-
ing performance of the physics subjects, that 1s, both the
physics graduate-students and professors might be expected

to read the physics passage at a more rapid average rate than
the other subject groups because of thelr greater familiarity
with the materials of the field. A comparison of the reading
performance of the physics and education subjects on the his-
tory passage and of the physics and history subjects on the
educatlon passage thus becomes important. If the physics
subjecté read the histofy passage at a slower average rate
than the education subjects, and if the physics subjects

read the education passage at a slower average rate than the
history subjects, a transfer effect might still be indicated,
inasmuch as the history passage may be presumed to be rela-
tively unfamiliar to both physics and education subjects and
the education passage relatively unfamiliar to both physics
and history subjects.

A similar line of reasoning may be followed with regard
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to the idea that speclalization in'the materials of history
makes for tfansfer effects in the opposite direction. This
1dea would seem Lo be sustalned if the history subjects read
all of the passages at a faster average rate than the sub-
jects from the other departments, -and further, if the history
professors read at a more rapld average rate than the hlstory
graduate-students. ~The latter finding would be important, |
especlally if the professors in the other departments read

no more rapildly than their graduate-students. Both the no=-
tlons that continuous reading of technlcal material tends

to retard reading rate -and that constant reading of history
material tends to promote rate would be rendered doubtful if
the phyéics and hilstory subjects read the education passage
at about the saﬁe average raté, if the physics énd education
subjects read the history passage at approximately the same
rate, and 1f the history and education subjects read the-

physics passage similarly.

5. The Secondary Questions Investigated ~

So much, then, for the primary issues. Now for the an-
clllary questions. The first of these concerns the individ-
val differences in eye-movement performance whilch exist among
the subjects used in this study. Other investigations of the
oye-novements in reading uniformly have shown extreme individ-
val variation. Morse (35), for example, in a study of the

eye-movement performence of normsl fifth-grade readers, dis-
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covered some children who made as many regressions per line
as other children make fixations per line. It will be in-
teresting to see what_individual differences show up among a
group of individuals who have chosen scholarshlp as a career
and should, therefore, be among the best readers.

The second question of an ancillary nature involves an
attempt to evaluate claims that there are individuals who
can read whole lines, or even paragraphs, in a single glance
or fixation of the eyes. There are numerous accounts in the
literature of indlvlduals who were supposed to be able to
read that way. G. Stahley Hall, Charles Hubbard Judd, and
Woodrow Wilson were professors who had that reputation. |
Another was one of our most illustrious presidents, The odore
Roosevelt. One of his biographers states that "he had the
type of mind that can assimilate the printed page in gargan-
tuan gulps, and he was able to retaih the major pért of hils
hasty literary meals. "t The author of another biography of
Roosevelt writes that "nothing distracts him from the book
before him. It becomes for the moment the sole business of
hls life, and he reads so swiftly that he finishes a volume
in the time that the average reader bestows on twenty pages."2
Not to be outdone, Clifton Fadiman "boasts of his 150-page
per-hour reading speed which enables him to get through what

lHenr'y Fowles Pringle, Theodore Roosevelt, p. 473. New
York: Harcourt, Brace and Company, 19o1.

2
James Morgan, Theodore Roosevelt, p. 232. New York:
Grosset and Dunlop, T3910. '
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he calls the ! jumbo-size! modern novel with an ease that

1 Another case 1s that

flabbergasts less fortunate readers."
of a child prodigy who "had the ability to see in chunks, to
read not by words or phrases but by whole paragraphs at a
time-"2 The writer has been unable to find anywhere, how-
aver, the report of a case in which the clalm was supported
by eye-movement evidence. The subjects of the present experi-
ment contain at least one individual who has the reputation
of being able to read in so-called "gargantuan gulps." The
presence'of this individual in the group presents an oppor-
tunity to verify the claims which fﬁeduently are made that
there are people who can take in a whole line or a paragraph
with one swoop. -

The last of the secondary questions has to do with the
ldea that a good reader moves hils eyes across the line in a
rhythmical pattern which remains more or less constant from
line to line. Dearborn seems to have been the first to pro-
pose this idea. In the report of his piloneer study of the
eye-movements in reading, Deérborn has stated that "it is
the writer's belief clearly indicated by the experiment that
one of the essentials of natural and rapid reading is that
the reader's eye éhould at once be able to acquire a regu-

lar and uniform motor hebit of reaction for each ZL:‘!.ne."'?5 And

1jonn Chamberlin, "Fadiman for the Millions," The Satup-
day Evening Post, CXIII (January 11, 1941), 60, A

2 . .
‘ Amram Scheinfeld, You and Heredity, p. 283. New York:
Frederick A. Stokes Co&pany, 1939, ’

3Walter Fenno Dearborn, "The Psychology of Reading," Ar-
chives of Philosophy, Psychology and Scientific lMethods, IV
(Mareh, 1906), 115. v
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in another place in the report he states that "the evidence
would further seem to show thal the acquirement of a rhythml-
cal succession of movements is one of the means by which the
fast reader attains to his greater speed in reading."l
Robinson has reached a similar conclusion, when he states
that the eye-movements “"may be defined as psycho-physiological
'dispositions to move the eyes during reading, in a more of
less consbtant manner according fo certain cues, mostly kinaes-
thetic, that act independently_of the conscious act of ﬁnder-
standing the material so long as comprehénéion progresses
smoothly."2
Thée net result of these views has been the introduction
of numerous training devices which seek to improve reading
ability by means of eye-movement pacing. The Metron—O-Scope5
and the Harvard Reading.Filmsé may be cited as illustrationse.
The results of a study of the eye-movements in reading of a

group of subjects like those used in thils experiment may be

helpful in evaluatihg these téchniques.

1mbid., p. 118.

prancis P. Robinson, The Role gg‘gzg Movements in Read-
ing with an Evaluation of Techniques for Their Improvement,
p. 43, University of lowa Studies, No. ©9. lowa City: The
University of Iowa, 1933.

3Trade name for a triple-shutter tachlstoscope developed
by The American Optical Company, Southbridge, Massachusetts.

4A.series of motion-plcture f£ilms which present the read-
ing material a phrase at a time across and down the screen in
accordance with what is supposed to be the pattern of the eye-
movements of the skillful reader.
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4, Significance of the Investlgation

A few words should be saild regarding the probable signif-
jcance of the investigatlion. If different types of reading
. are elicited by different kinds of sgbject-matter, i1t would
seem to be both theorstically and practically sound to adopt
a remedial training plan along the line of that suggested by
HMeCaul (33). If, however, the most rapid rate is found to
be associated with the most familiar material, theh speed
migﬁt best be proﬁoted by thé use of familiar material. Con=
versely, unfamiliarvmaterial{ whether techpical or nof, might
then be used to teach the art of slow reading. o
The caliber of the subjects of thls experiment should
'render the results especially interesting. A sﬁudy of the
eye-movements in reading has never before been made of a
group like that employed in this investigation. Just how
well do these subjecﬁs read? During the past few years a
tremendous amount éf interest has been shown in apseding up
reading. Iumerous articles have been written in popular
magazines, and books have been publlished, all offering ad-
vise on how to speed your wveading. A few 1llustrative titles

are The Art of Rapid Reading by Walter B. Piltkin, Flylng the

Printways by Carol Hovious, and "Speed While You Read," an

artlcle by Robert Bear in the American Magazine. To what ox-

tent is thls stress justified? It is possible that even the
best readers do not read as fast as commonly supposed. In

any svent, the results of the present study should make 1%
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4

possible to evaluate the emphasils that currently is put on
rapid reading.

These are merely a few suggestions as to the probable
significance of the investligation. A further evaluation will
pe made in the discussion following the presentation of the
ragults. This chapter has been written mainly in an effor%

to present an overall ﬁicture of the study,



CHAPTER IV
| THE METHODS AND COWDITIONS OF THE EXPERIMENT

The specific methods and conditions which characﬁefized
the present investigation are described in detall in this.
chapter. The chapter i1s divided Into four sections, dealing
in order with the subjects, the passages, the camera proced-

ure, and the eye-movement measures or scores.

1. The Subjects of the Experiment

'The subjects of this experiment were selected primarily
- from the academic staff of the University of Michigan. A
group of professors and a group of graduate-students were
included from each of the following teaching units: (1) edu-
catioﬁ, (2) history, and (3) physics. Only those professors
wlth a doctorate and an academic rank of assisfant professor
or higher were included. The graduate~-students selected had
thelr master's degrees and were working for their doctorates.
For the most part the graduate-students were teaching fellows
in their departments.

It was not necessary to employ sampling techniques in
the selection of sub jects. There was only a limited number

of professors in each department, and an effort was made to

30
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get all of them. In fact, several professors from other in-
stitutions consented to participate in the experiment when
it became evident that additional records would be neecded to
round out each group{

After the elimination of some potential subjects because
of illness, a foreign-language background, or extreme presé
byopla, sixteen subjects remalned in each professor group.
The same number of graduate-studenté was used from each de=-
partmént. The records of these 48 professors and 48 gradu-

ate-students constitute the basic data of this study.

2. The Passages Used in the Experimentl

As stated praeviously, the passages»used in the experi=-
meﬁt were selected from the flelds of education, hlstory,
and physics. Two passages were chosen from each of these
flelds, one of which served as a practice selection and the
other as the test selection. Each passage was about 200
words in length. DBecause 6f the caliber of the-iﬁdividuals
Involved in the experiment, the reading material had to be
fairly difficult in order to present any sort of a challenge
to the subjects. On fhe other hand; the material could not
Qontain content which would be completely beyond the reach
of those subjects not working in the special field. The
passages finally selected met both of these requirements.
All passages wére‘equated in terms of'objective difficulty.

There have béen‘numerous attempts to determine object-

1 . '
. Copies of all practice and test passages are exhibited
in Appendix B.




ively the difficulty level of a given reading selection by
mesns of special formulas. DBut these attempts have not
yielded entirely satisfactory results. One reason is that
those working in the fileld are not- in agreement as to what
constitutes difficulty.v In the second place, the problem of
appraising the difficulty of concepts has thus far defled
objective analysis. Actually, 1t is possible to find pas-
sages of equal objective difficulty, which undoubtedly pre-
gent extreme differences in their conceptual nature. A quo=-
“tation from Horn will illustrate thls point:

ees on the basis of the hypothesis that words occurring
in the first twenty-five hundred of the Thorndike list should
be intelligible to fourth-grade children, the following sen-
tence should be easy to understand: The square of the sum of
two numbers 1s equal to the square of the rirst added od 0 LWice
the product of the Tirst and second addeq Lo the square of
Ihe second. “A1T of these words are among the two thousand of
highest frequency in the Thorndike list. On the other hand
the following sentences should be quite unintelligible:
Daddy helped me with my arithmetlc untll bedtime. I got a
bracelet, & Oy dresser, and some gum Lor Christmas. ~Brother
got a basebal and a sled. It is evident that the difTiculty
of a word in any sentence i1s not determined by the frequency
with which the printed form of the word has been recorded but
by the probability that the appiopriate meaning has been as=
soclated with it by the reader. '

The Flesch (16) and Lorge (32) formulas were used to eg=-
timate the objective difficulty of the passages used in the
present study. Of the formulas available for the purpose,
it was.felt that these two were most sultable. The Flesch
formula relates reading difficulty to three conditions:
(1).sentence length, (2) number of affixes, and (3) number
of personal references. A passage becémes more difficult

as the length of the sentences increases, as more affixes

Tarnest Horn, lethods of InSuructlon in the Social 3tud-

ies, pp. 167-68. Hew York: Charles acribner's Sons, 1957.
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are included, and as personal references decrease in number.
Conversely, an easy passage 1s characterized by short sen=-
tences, few affixes, and many personal references. _ "
‘ The Lorge formula gives a readablility index which 1s de-
pendent on four factors: (1) the number of words in the
sample, (2) the number of sentences in the sample, (3) the
number of prepositional'phfases included, and (4) the number
of hard,words. The hafd words in thls case are words not
found in the Dale 1ist.l |

Table IIT glves the level of difficulty for each prac-
tice and test passage as measured by the two-formulas. Thé
Flesch difficulty score must be translated into the proper
grade level. For these passages 1t 1s sufficient to note
that any score of six or more is classlfled by Flesch as very
difficult and at the high college level. The Lorge score, on
 the other hand, is the actual grade level of the passage aé
measured by the formula. It will be noticed that the Flesch
forrula places all of the passages in the very difficult |
category, typical of sclentific journals and appropriate for
professional groups. The Lorge formula assigns the passages
to the ninth grade. Nowever, this formula is not as well
sulted for estimating the difficulty of material above grade

seven. The interesting fact to note 1s that within the lim~

i1ts of each formula, the passages closely approximate.each

lrhe Dale word 1list 1s composed of the 769 words that
ars common to the most frequent thousand words in Edward L.
Thorndike!s Teacher'!s Word Book and the word list prepared
Zy t%piChild Study Committee of the International Kindergar=-
en Unlon.




DIFFICULTY IEVEL OF PRACTICE AND TEST SETECTIONS .

TABLE

~
-
=

Passage Plesch Lorgé
(P) Education 7«54 9.10
(T) Education 7.41 9.93
(P) History 7.05 9.79
(T) History 7.64 9.96
(P) Physics 7.22 9.93
(T) Physics 7.48 9.28
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other in difficulty.

The typographical arrangement of the passages was within
the optimum limits established by Paterson and Tinker (37).
These investlgators spent twelve years giving 66,062 reading
tests to 33,031 éubjects, and they arrived at some general
recommendations for the printing of any material. TIPor the
purposes of the present study, 1t may be noted that (1) most
of the type faces in common use are included in the group of
approved tyﬁe faces; (2) 10 point type 1s recormended as the
size of type printers should regard és.standard;‘and (3) "for
10 point type leaded 2 points the limits of 'equal legibility!
range from 14 to 31 picas per line."t In the light of this
evidence, the passages used in the presént study were printed
in 01d Style Number 7, 10 point type, leaded 2 points, with

a line width of 24 picas.

3. The Camera Procedure

The instrument used in this'experiment was the Opthalm—
O-Graph.2 This camera utllizes the principle of corneal re-
flection. Two telescopic lenses pick up the reflections
which are focused on the film by meéns of a reflex finder.
The 35 mm. £ilm moves through the machine at a constant rate
of one-half inch per second. The speed of the moving film

is used to compute reading rate.

1Donald G. Paterson and Miles A. Tinker, How to Make
Type Readable, p. 148. New York: Harper and Brothers, 1940.

2A portable eye-movement camera manufactured by the Amer-
lecan Optical Company, Southbridge, Massachusetts.




At the outset of each recording session, every effort
was made to be certaln that the subject was at ease and that
the instrument was adjusted properly for the comfort of the
subject. IFach individual was instructed to "read each pas-
sage through once as you nérmally would to understand the

material."

Comprehension Regquirement. The subjéct was next in-

fqrmed of the comprehension reguirement which consisted bf
five Yes~-No type questions on each bassage.l The questions
for each passage were scored on the basis of the answers
given by the professors who had.specializéd in that fieid.

A count was made of the way in which these professors had
answered each question, and the answers that were given the
most frequently were scored as the correct ocnes. A compré-
hension check-test was thought necessary in order to encour-
age a normal reading perforﬁance. The five questions on.
each passage were general rather than specific in nature,
just enough to let the subject know that he was expected to
read for meaning without, at the same time, making him hyper-

conscious of the comprehension requirement.

Presentation of the Passages. Including the practice

and test passages, there were six separate selections to be
read by each subject. ZEach test selection, of course, was

preceded by a reading of the practice passage in the same

it ClThe questions on each passage are exhiblted in Appen-
x C.



field. The questions on the practice passage were answered,
and then the test selectlon was presented. Since Schmidt (45)
and Tinker (53) have noted a slight gain in efficilency as
subjects read a series of selectiorsbefore the camera, a sys-
tem of presenting the passages in rotation was used within

each group iIn order to cancel practice effects.

-Securling @A Representatiﬁe Sample Qg Reading. Eaéh pase=
sage was approximately 200 words long and was printed on two
geparate 3 x 5 cards composed of 100 words each. A photo=-
graphlc record was made of the subject!s eye-movemsnts on
the second card of 100 words in each test selectlon.

Stone (46) and Seibert (45) have studied the problem of
what portion of a passage should be considered as a represen-
tative sample of reading performance. Their evidence indi-
cates. that either the second 100 words or the third 100 words
are acceptable, with the third 100 words belng read slightly
more efficiently than the second 100 words. In .their inves-
tlgations, the first 100 words were read with the least ef=-
Ticlency, indicating that 1t takes a while for the subject

to hit his stride.

Introspoctive Commentary. The final part of the experi-

ment was devoted to securing from each subject a commentary
of his introspectiohs during the experiment. The data thus
acquired will be treated qualitatively in Chapter VI, which

dlscusses the results of the experiment. Each subject was
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also asked about his own reading and study habits, and was
invited Lo make recommendations for younger students who

might be planning to specialize in his fleld.

4Suﬁmagy of the Experimental FProcedurs. The following‘

brief outline summarizes the steps taken with each subject:
(1) The subject was‘acclimated to.the camera situation.
(2) The subject was instructed to read the material as

hé normallvaould, and was told of the comprehension require-

ment..

(3) After a practice passage in one field had been read

R

and the questions on that passage answered, the test passage
in that samé field was read and the appropriate questions
answered. (This procedure was repeéted for the two remaining
fields.) o

(4) The subject was glven the opportunity to express his
reaction to the experiment and also to outline any reading

and study habits he employsd that seemed to be most useful

in mastering the subject-matiter of his field.

4, The leasures Used

The eye-movement records were analyzed according to four
measures: (1) rate of reading in ems per minute, (2) number
of fixations per em, (3) number of regressions per em, and

(4) number of refixations per line.l The em was used as the

1Refixations are essentially inaccurate return sweeps,
in which the subject undershoots the beginning of the line and
must make an additional shift or two to the left before the
beginning of the 1line is located. Refixations are distinguished
from regressions. Regresslons occur within the line after the

individual has made his first forward shift.
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basic unit of measurement primarily because it offers a way
to standardize the reporting of eye-movement records. Since

the em 1s a fixed dilstance, it may be used as a standard of

. measurement regardless of the length of words, size of type,

or length of line. IMeasurements in ems may be roughly trans-
lated to measurements in words by employing the constants
2,3 characters per em and six characters per word.

The comprehension requirement providéd the data for the
fiffh measure anaiyzed in the present investigation. Each -
- subject was scored in percent according to the nﬁmbér of
questlons he answered correctly on each passage.

Chapter V will outline the way in which these measures

were treated, and also present the resulis of the study.



CHAPTER V
THE RESULTS

Before presenting the results of the experiment, it will
be necessary to describe 1in some detail the manner in which
the data were treated. This detailed presentation is required
because certain aspects of the statistical procédure are new
énd cannot be found invthe literature. The specific findings
will be presented after the method of ‘treating the data has

been described.
1. Ireatment of the Data

In order to determine whether the reading performances
of the various groups of subjects differed significantly,
their scores on each of the five measures were compared by
means of the analysis of variance technique. The basic propo-
sltion in an analysis of variance is that from samples of
different classifications it is pbssible to derive indepen=-
dent estimates of the population variance, one of which is
based on thé variance between the groups and another on the
within-group variance. This fundamental proposition in turn
rests on the null hypothesis which assumes that all of the

groups are random samples from the same normal population.

40
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The test of the null hypothesis is made by ascertalning
through the F test whether the ratio of the two varlance
ostimates is larger than chance would allow. If the ratio
is larger than chance expectatibn; we should have reason to‘
believe that the null hypothesils is false. I thﬁ ratio is
smaller than chance expectation, the null hypothesis is not
disproved. ‘ ' ‘
The usual procedure for analyzing a simple clagsifica=-
tion of variates by means of the analysis of variance 1s to
secure first the means of each group as well as the general
mean. Next, the deviations of the individual scores, and
the deviations of the group means, from the general mean are
computed, squared, and summed. The estimated between-group
variance is then esqual to the sum of the squares of the devi-
ations of the group means from the general mean divided by
the corresponding number of degrees of freedom. In getting
an unblased estimate, it 1s necessary to divide through by
the number of degrees of freedom. The estimated within-
group variance 1s equal to the sum of the squares of the
devliations of the individual scores from the general mean
divided by the corresponding number of degrees of freedomn.
The ratio (F) is secured‘by dividing the estimated between=
group variance by the estimated within-group variance. The
significance of this I’ may be found in a table of F values.
Thls procedure 1s acceptable, but 1t becomes quite compll-

cated as the number of classifications increases. For the
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more involved situations, a quicker and more accurate calcu-
lation of F may be achieved by changing the mathematical
procedure slightly in order to utilize certain features of
modern calculating machines.

The steps below outline the procedure used in the analy=-
sig of variance in thé preéent_study.lv‘This procedure was
followed in dealing with each of the five measures derived
from the eye-movement records and the comprehension test.
First, the individual scores for each group were swmed, and
then these individual scores were squared and summed. Second,
the quantity A was derived for eaéh group by the formula

A .-.»_N£X2 - ('SX)?. At the same time an A for all the obser=-
vations was calculated. Third, because the problem presented
a threefold classification of variates (subjects from three
fields of specialization, two ranks of subjects, and three
different passages to be read) with replications? i1t was
necessary to set up a calculation table so that an analysls
of the three main effects and thelr interactionscould be
made. Table IV is presented as an exampls. It shows the
calculation table used in working with the comprehension
scores. In one sectlon of Table IV is the sum of the compre-
hension scores for each group of 16 professors on each pas-v
sage read; another section presents the corresponding scores
of the 16 graduate-students in each department; and the third

section combines the 32 scores of the professors and graduate-

Ime writer 1s indebted to Professor Paul S. DWyer for
the development of the method of statistical analysis used
in treating the data. '

2

Aé;_«::‘gk.;.zt 1sa 1;0 ba noted that.there 1ls some restriction.on.. ...
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more involved situations, a quicker and more accurate calcu=-
lation of I may be achieved by changing the mathematical
procedure slightly in order to utillze certain features of
modern calculating machines.

The steps below 6u£1ine the procedure used in the analy=-
sls of variance in the present study.l This procedure was
followed in dealing with each of the flve measures derived
from the eye-movement records and the oompréhension teste.
.First, thé individual scores for each group were summed, and
then these individual scores were squared‘aﬁd summed.‘ Second,
the quantity A was derived for eaéh group by the formula
A= NEX® = (£X)%: At the same time an A for all the obser-
vations was calculated. Third, because the problem presented
a threefold classification of variates (subjects from three
fields of specializatilon, two ranks of subjects, and three
different passages to be read) wifh replicationse it was
necessary to set up a'calculation table so that an analysils
of the three main effects and their interactionscould be
made. Table IV is presented as an example. It shows the
calculation table used in working with the comprehension
scores. In one sectlon of Table IV is the sum of the conmpre=-
hension scores for each group of 16 professors on each pas-
sage read; another section presents the corresponding scores
of the 16 graduate-students in each department; and the third

section combines the 32 scores of the professors and graduate-

lThe writer 1s indebted to Professor Paul S. Dwyer for
the development of the method of statistical analysis used
in treating the data.

2It is to be noted that there 1s some restriction on
the randomness of the replications, since 96 individuals
were used in obtaining 3 x 96 mea sures. Since the analysis
of variance plays an exploratory role in this study, it
seemed wise to use the different operators as replications .
~and to absorb the errors due to operat in the residual-

QA nnee aan




CALCUTATION TABLE DEVELOPZED FOR USE ¥WITH

TABIE

d

Q

OC:IPREIENSION SCORES

!

et ressrme-

e

———————

|

Professors Graduate~Students Combined Groups
Passages [

: Educa- Educa~ Educa-
tion |Physics|Historyl Total]l tion | Physics|History] Total]l tion |Physicsi Historyl Total
1. Education 1,120 860 1,120 5,100?1,200 1,200 1,260 | 3,66012,320 2,060 2,980 6,760
2. Physics 1,320 1,440 1,280 4,040f 1,360 1,460 1,260 4,080| 2,680 2,900 2,540 8,120
3. History 1,240 920 1,300 3,460 1,100 1,100 1,080 35,28012,340 2,020 2,380 6,740
- Total 3,680 3,220 3,700 |10,600] 3,660 | 3,760 3,600 {11,020|7,340 6,980 7,300 [21,620

oY



students.
From this table 1t 1s possible to derive the quantity
A for each of the following sources (the number of degrees

of freedom, calculated by conventional methods, have been

inserted) s

Degrees
Source » of A

"~ Freedom
Total (with i«epli‘cations summed) '1"7 47é,706,480
Departments 2 235,600
Pagsages 2 5,754,400
Ranks 1 176,400
Department-Rank e 1,139,600
Pagsage-Rank 2 4,797,200
Department-Passage 4 5,478,800

The next step is to measure the interaction. I is a
guantity used to indicate the interaction. The I of a first-
order interaction, for example, department-rank, is equal to
the A of the dual classification less the As of the sources
making up that classification. The I of a second-order inter-
action, department-rank-passage, is equal to the A of the
total (where variates are the sums of the replications), less
the sum of the As of the main effects, less the. sum of the Is
of the first-order interaction.

The "error term" may be regarded as a measure of chance
varlation. It 1s equal to the variation which remains after

the variation due to the main effects and the interactions
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have been removed. It may be calculated by subtracting the
A of the totals resulting from the summing of the réplica-
tions from the A of all the observations.
The vérious Fs may be computed by using the following
formula,
Ag

.

DFi

Ay

DFg

in which A3 is equal to the A of the main effect or the I of
the interactlon, and in which DF; refers to the éorfespond-
- ing number of degrees of freedom, and also in which Ay indi=-
cates the A of the "error term" and DFy the number of de-
grees of freedom in the "error term".

Table VI may be referred to as an example of the way in
which thils procedure may be set up in tabular form. For the
convenlence of those accustomed to using sums of squares (of
deviations) in arriving at F, a sums of squares column has
been added to each table. The sums of squares for each main
effect 1s calculated by dividing the A of the main effect by
the total number of observations (288). The sums of squares
of each interaction i1s calculated by dividing the I of the
interaction by the total number of observatlons. The various
¥s may then be computed using the Tformula,

SS3
F = DF'y

5S¢
DF

e
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in which S84 is equal to the sums of squares of the main eof-
fect or the interaction and DF; to the corresponding number
of degrees of freedom, and also in which SSe is equal to the
sums of squares of the "error term" and DF, to the number of
degrees of freedom in the "error term'.

It was declded to study the detalls of those differences
to which the previous analysls directed attention by means of
the Student=Figher t test. In each case only the observations
neoeséary for méking the specific test were used. With so
many sources involved in the present problem, we may éxpéct
some differences sipnificant at the 5 percent level of con=-
fidence to arise friom chanceé alone. Heﬁce, we have arbitrar-
ily set the 1 percent level of confidence as the point of
significance which had tobe reached in any comparison before

the Student=Fisher t test was applied.

2. Specific Findings

Famlliarity as a Factor in Reading Performance

It will be remembered that the problem of this investiga=-
tlion was stated in the form of a series of questions. The spec=-
ific findings will now be presentéd in reference to these ques-
tions. The question which will first be considered is implied
in the sub~heading above: How does familiarity with the ma-
terials of a given field affect reading performance in that
fleld? If-the subjects read the material from their‘own

field more efficiently than the materials from the other

fields, 1t could be taken to mean that familiarity with
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a glven fileld is a factor in reading performance. The re=-
sults which follow with regard to this problem are presented

separately for each eye=-nmovement measure and score.

Rate of Reading. Table V. presents the mean rates bf

reading for each group on each passage. The standard devia=
tions of the distributions are also given. The table revéals
a trend on the part of the subjectsito read the materiéls
from their own field more efficiently or rapidly than the
materials from the other fields. This finding is especially
apparent in the case of the profeS;ors. All groups qf pﬁo-
fegsors read the materials from their own field more rapidiy
on the average than the material from the other two fields.
For example, the physics professors read the history passage
at an average rate of 715 ems per minute (275 words per mine-
ute) and the education passage at an average speed of 677 eus
per minute (260 words per minute),Abut they read the physies
passage at an average rate of 938 ems per minubte (360 words
berlminute). The graduate-students did not consistently fol=-
low the patbtern set by the professors. The graduate-students
'in education read the physics passage faster on the average
than they read the education passage, and the graduate-students
In history read the educatibn passage faster on the average
than they read the history passage. However, the performance
of the physics graduate-students conformed to the pattern
shown by the pfofessors. The physics graduate-students read

the physlcs passage at an average rate of 937 ems per minute




TABIE V

MEAN RATES OF READING IN EMS PER MINUTE AND THE STANDARD DEVIATIONS OF

THE DISTRIBUTIONS EY DEPARTMENTS FOR ALL PASSAGESY

Departments
Passages Education Fhysics History

Graduate Graduate Graduate
Professors | Students Professors| Students Professors| Students

l. Bducation 797 798 677 695 774 A 841

~219 o239 & 151 & 195 & 240 7248

2. Physics 760 828 938 n 937 808 784

| # 271 274 266 & 254 G 237 250

3. History 756 767 715 706 Q17 a 824

& 182 & 205 188 & 149 & 253 ®210

& \/-

NEXZ - (£x)°

N(N-1)

8%
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(360 words per minute), the history passage at an average
rate of 706 ems per minutee(ZVO words per mihute), and the
education passage at an a#erage speed of 695fems per minute
(266 words.per minute). - |

The trend to read material Trom one's own fields more
rapldly ﬁhan the material from the other subject-matter
areas was very striking in 1nd1v1dual cases. An example is

given in Figure 1. This figure shows the eye-movement rec=

ord of Case 8 among the physics professors. This individualf?;f3
read theehistory passage at.é54 ems per minu%e;(250 words .

per minute) and the educatieh passage at 699;ems per ﬁinute

(265 wor&s per minute), but{when he read the;ﬁhysics passage;::e

ne practically doubled his speed, reading it-at 1,194 ems

per minute (460 words per ﬁinute). Moreovepé'in reading the_”

physics’peesage, this subjeet virtually eliﬁ%@ated regressivé
moﬁements;; hl g ;

The qﬁestlon now armses as bto the svgnificanoe of the
alflerences between the performances of Lhe various groups

from nassage to passage. Table VI present }thls statisti-

cal 1nformatlon in the form of an analysis of%varlance. It

displajs only one dilference that is 51gn1fi_ant at the 1 pefﬁﬁfib
cont level., This difference occurred in the department-passage
Interaction and is in line with the resulbts reported in Table V,
which show that the departments tended to read their own spec-
ial passages most efficiently. In a negative way, Table VI
demonstrates that there are no significant differences be-

tween the departments when their total rate performances on
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TABIE VI

SUMMARY OF ANALYSIS OF VARIANCE DATA FOR RATE OF READING

e
—

Degrees Sums Aor I
of of e 1 per-|5 per=
Source Freedonm A I Squares D.F. F cont | cent
Total 287 |4,360,558,976 15,140,829
Total (with replications ,
SUMMEA) eevoeocoocscsons 17 478,706,480 1,662,175
DepartmentSeececescccses 2 37,114,802 128,870]18,557,401|1.29] 4,71 | 3.04
Passages...'..‘........ 2 9‘7’770,968 559,482 4‘.8,885’484 5.40 4:0,71 3.04
Ranks...........‘..‘... l o 864’900 5,005 : 864,900 IGG 6.‘76 5.89
Department-Ranke.cceees 2 46,613,348 8,635,546 29,978 4,316,823 .30| 4.71 3 .04
Passage~Rankeceeeseveee 2 102,789,332 10,153,464 35,255 5,076,732 .35| 4.71 S04
Department-Passag0es... 4 435,299,446| 298,415,676 | 1,086,159 (74,603,419 |5.19( 3.41 2.41
Department-Rank-Passage 4 25,755,024 89,427 | 6,438,756 | .45| 3.41 | 2.41
Error 270 13,478,654 |14,377,231

5R81,852,496

TS
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all passages are considered. It also discloses that there
are no significant differences between the professors and
graduate-gtudents as far as rate of reading is concerned.

In view of the véry significant difference that existed
in the department-passage interaction, t tests were made of
those comblnatlions of passages within a department which from
inspectioh seemed to offer the best chance of being signifi=-
cant. Table VII presents the t values obtained.

Only two of the t values are significant at the 1 per-
cent level. Both of these differences involve the performe-
ances of the physics groups, and 1t is clear that these sub-
jects read the familiar physics passage significantly faster
than they read the unfamiliar history and educatlon passages.
None of the other departments read the»various passages at
rates different enough to reach the 1 percent level of confi-
dencéd. It will be noticed that a t value is given for the
history professors! reading of education and history. This
t test was made because an inspection of Table V showed that
the contrasting performance of the history graduate-students
on these passages might be concealing a significant differ-
ence between the rates with which the history professprs
read the two passages. A t value of 1.66 was derived from
this comparison, and it is significant at approximately the

10 percent level.

Plxation Frequency. Table VIII reveals the same trend

for fixation frequéncy as was found for rate of reading. This



TABIE V

SIGNIFICANCE OF THE DIFFERENCES FOR RATE

VARICUS COMBINATIONS OF DEPAR

IT

THERITS AND PASSAGES WITH

OF READING EBETWEEN

REFERENCE TO THE EFFECT OF FAMILIARITY

Degrees
Department-Passage of 1 per- 5 per=-
-Combinatlon Freedon t cent cent
Education subjects: educa-
tion vs. historyeecececvececcss 62 .95 2.66 2.00
Physics subjects: physics
vs. education...cceeeeescnene 62 2209 2.66 2.00
Physics subjects: physics ’
VSe NistOrYeeeeoseeeecesacene 62 4,12 2.66 2.00
Physics subjects: education
VS. NiStOrYeeeeeeerecocncces 62 .58 2.66 2.00
History subjects: education
VS. higtorYeeeeeeensensnsnns 62 1.05 2.66 2.00 .
History professors: educa- :
tlion vs. historyeeeeeecocssee 30 1.66 2475 2.04

s



MEAN NUMBER OF FIXATIONS PER EM AND THE STANDARD DEVIATIONS OF THE.
DISTRIBUTIONS BY DEPARTMENTS FOR ALL PASSAGES

TABIE VIII

Departments
Education Physics History
Passages -

Graduate - Graduate Graduate
Professors | Students Professors | Students Professors | Students

Education .295 .310 .319 374 .303 .265

&~ . 067 & .071 Fe 043 g .115 & .070 #.069

2. Physics .311 .33 272 299 «299 \.285

& .060 5.091 & +078 F.033 ;-.071 7054

3. History .31 «B11 .310 343 .265 268

&+ 069 5067 #0564 2.081 & .055 7.048

7S
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result is fo be expected, inasmuch as rate of reading and
fixation frequency are correlated measures. Rate is really
g composite measure of eye-movements.

A11. of the professor groups made their fewest fixations
on the passage from their own field. TFor example, the phys-
ics professors averaged .319 fixations per em (9.5 fixations
per iine) on the educatlon passage, .510 fixations per em
(8.9 fixations per line) on the history passage, but only
272 fixations per em (7.8 fixations per line) on the phys-
ics passage. The physics graduate~-students followed the
same pattern as the physics professors. The graduate-stud-
ents in history and education tended to depart from the pat=-
tern set by the professors in theée flelds, ﬁuch as they did
in rate of reading.

As in the case of rate of reading, the tendency to make
the fewest fixatlons on the famlliar passage stands out when
individual performance is studled. A reexamination of Fig=-
ure 1 will serve to illustrate this point. Thils subject, a
physics professor, made .305 fixations per em (8.8 fixations
per line) on the history passage, .266 fixations per em (7.7
fixations per 1line) on the education passage, but only .215
fixations per em (6.2 fixatlons per line) on the physics
passage.

The analysis of variance data for fixation frequency are
presented in Table IX. Here it is made known that two of the
maln effects have differences among them which are signifi-

cant at the 1 percent level. The first involves a comparison



SUILIARY OF ANALYSIS OF VARIANCE DATA FOR FIXATION FREQUENCY

TABIE

D¢

Degrees Sums T
Of Of l pelﬂ_
Source Freedom A I Squares D.F cent
Total 287 587.48 1.54541
Total (with replications
SUMNEA) ceeoncovssccsans 17 60.78 21104
Depa.’f"t‘ments *» e85 0 0 00 e o o 02 2 22 092 . 07958 11-46 4.' -71 5 . 04.‘
Passagegeceesecnans oo 2 2.49 . 00864 l.24 4.71 3.04
Ranl{So ooooooooooooooooo l : 2016 000750 2-16 6076 5-89
Department=-Rank....... . 2 35.631 10.55 03665 5.27 4,71 S3.04
Passage-Ral’ll{ ooooooo s e e 2 4-73 008 000028 004 4:0,71 5.04:
Department-Passage.cees 4 44,751 19.54 06715 4,83 3.41 2.4
Department-Rank=-Passage 4 3.24 01125 581 S.41 2.41
Brror 270 326,70 | 1.10407 1.21
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of the total performance, in terms of thé number of fixations,
among the three departments, and the other is found in the
interaction of departments and passages. This second differ-
ence is similar to the difference which emerged Tor rate of
reading. However, the difference hetween departmental per-
formancea 1s a new development. It will be discussed in a
later section of the results dealing witlh the transfer efl-
fects of reading the mataerials of a special field.

In order to ascertain more particularly where the sig;
nificant differences were in the'department—passage inter=-
action, t tests were made of the varlous corbinations of thé
passages within a deparﬁment. Table X gives the resulting ©
values.

Table X establishes a very significant difference between
the number of fixatlions the physicists made on the education
and physics passages. It also shows a t value approaching
the 1 percent level between the performances of the physi-
cists on the history and physics passages. ¥ithin the de-
partments of education and hisﬁofy, no significant differ-
ences were found between the fixation frequency scores for

any of the possible combinations of passages.

Regression Irequency. Table XI presents the average re-
sults for regression freqﬁency together with the standard de-
viations of the distributions. The same trend is shown as
for rate of reading and fixation frequency.

In each department the professors made their fewest re-




TABIE X

STGNTFICANCE OF THE DIFFERENCES FOR FIXATIONW FREQU;NCX BoTWESI
VARIOUS COMBINATIONS OF DEPARTHENTS

AND PASSAGES WITER

REFERENCE TO THE ZFFECT OF PAMILIARITY
Degrees
Department-Passage of 1 per- 5 per=-
Combination Freedom t cent cent
Eduvucation subjects: educa-
bion vse PhysSiCSeecececavnsne 62 .92 2.66 2.00
Physics subjects: education
VSe PRYSICSeccearsesconcacnse 62 3.05 2.66 2.00
Physics subjects: education
VS. historFeceerseoceseosnsee 62 1.05 2.66 2.00
Physics subjects: physics
v3. historye.ccecocsovecocce 62 2.52 2.66 2.00
History subjects: history
VS. PRYSIiCSecrevescoscncenns 62 1.72 2.66 2.00
History professors: educa=- '
tion vs. historye.ieeeseeenes 30 1.25 2.75 2.04

88



MEAN NUIBER OF REGRESSIONS PER EII AND THE STANDARD DEN

TABIE XTI

T
DISTRIZUTTIONS BY DEPARTIENTS FOR ALL PASSAGE

ATTIONS CIF THE
S

Liy

ii

Departments
B i Physi Hi
Passages Educatlon 1ysics History

Graduate Graduvate Graduate
Professors | Students Professors | Students Professors | Students

1. Education 034 «030 . 042 .05%7 . 037 . 027

' & -028 F.018 & .019 &.038 7 .024 &.025

2. Physics .035 .03%7 .024 . 029 .030 L0381

& .019 F.025 017 F.021 . 7022 &.022

d. History . 034 .030 . 033 044 .025 029

(?- .026 5.019 & .019 #0235 o021 7. 024

69
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gressions 1in reading the passages from their own flelds. For
example, the history professors averaged .037 regressions per
em (1.07 regressidns per 1line) on the education passags, 030
regreésions per em (.86 regressions per line) on the physicé
passage, but only .025 regressions per em (.72 regressions
per line) on the history_passage. The performance of the
physics professors for this measure was even more markedly
in favor of the paséage from thelir own field. The édﬁcation
professors, in terms of regressilon frequency, distinguished
hardly at all between the three passages. Of the graduate-
students, only the physics group followed the pattern set by
the professors.

Once again, the variation frbm‘passage TO bassage was
especially conspicuous in individual cases. Figure 1 remains
a good exampls. This subject, a physics proiessor, made 042
regressions per em (1.21 regressions per line) on the educa-
tion passage, .041 regressions per em (1.18 regressions per
line) on the history passage, but only .0l5 regressions per
em (.43 regressions per line) on the physics passage.

Although there was a general tendency on the part of
the subjects to make their fewest regressions on the mater-
ial from their own field, Table XIT shows that none of the
- differences in the group performanees attained the 1 percent
level of significance. It should be stated, however, that an
I of 3.13 was derived for the department-passage interaction.

An F of this magnitude is significant at about the 2 percent



TABTE XII

SUMMARY OF AWNATLY3IS OF VARTANCE DATA TFOR REGRES3I0N FREQUIIICY
Degrees Sums | 4 or I
of of 1 per=| 5 per-

Source Freedon A I Squares| D.F. T cent cent
Total 287 46.39 .16107
Total (with replications

Summed)...........l.... 17 4'99 \.01752

DepartmentsSecceecceccees 2 1.03 - .00358 51 |3.201 2.71 % .04

Passages............... 2 .75 000255 -56 m A°71 5'04:

Ranks.-........-..'-... l .09 ) 000031 .09 .60 6.,76 5.89

Departrﬂent-ﬁam{o sevscvace 2 1.8'7 .75 .00260 .3?7 2 .4:)7 4:.,71 5.04

Passage-Rank.......-... 2 .85 .05 .Ooolo .Ol .lo 4.71 5.04

Department-Passage..... 4 S.64 1.88 | .00653 .47 3.13 3.41 2,41

Department~Rank-Passage 4 .48 | 00166 A2 |TUB0 | 3.41 2,41
Error 270 41,40 .14375 .15

9



level., It 1s the same interaction in which an F significant
at the 1 percent level was found for both rate of reading
andbfixation frequency. The results for regression frequency
are in general agreement with the results for these other two
meagures. Regresslon frequency is also less reliable and
valid than rate of reading and fixation frequency and, there-
fore, more subject to errors of measurement. It was not to
be expected that the results for regression frequency would
be as significant as for rate of reading and fixation fre=
quency. Incidentally, fixation frequency includes regres-

slon frequency.

Refixation Prequency. The number of refixatlons per

line is the final eye~-movement measure which was used in the
present study. Table XIIT presents the average number of re-
fixations made by each group on each passage.

Table XIXI shows a continuation of the trend established
for the other eye-movement measures. All - professor groups
made thelr fewest inaccurate return sweeps on the material in
thelr own field. Tor example, the education professors aver-
aged +40 refixations per line on the education passage, .46
rOfixations.per line on the history passage, and .48 refixa=-
tions per line on the physics passage. The trend for the two
other professor groups 1s even more pronounced. Once again,
the graduate~-students in history and education deviatve from
the pattern established by the professors in these depart-

ments. However, the history and education graduate-students



IEAN NUKMBER OF REFIXATIONS PuR LINE AND THE TAq DEVIATIONS OF THE
DISTRIBUTIONS BY DEPARTLENTS FOR AL ASSAGES

Departments
Education Physics A History
Passages

Graduate . Graduate Graduate
Professors | Students | Professors| Students Professors | Students

1. Education «40 46 «45 .52 47 .21

;— «30 729 & <25 7«33 734 F .20

2. Physics .48 - W44 41 .51 43 .30

' = 55 702 F 195 &FR9 701 & .17

3. History 46 .52 «63 «55 .32 .27

?.52 & +30 ?.24 & 27 7 +28 F 20

c9



made their fewest refixations on their most rapidly read
passages, which suggests that a relationship exists between

rate and refixation frequency.

Table XIV swmarizes the analysis of variance data for
pafixation frequency. Only the F for the departmental com-
parigon was found to be sipgnificant at the 1 percent level.
This differonce will be discussed in the section of the re=
sults dealing with the effect of specilal training on reading

habits.

Comprehension Scores. Table XV gives the mean compro-

hension scores for each group on each passage. In keeping
with the practice which has been adopted in presenting thesc
results, the standard devistions of the distributions are
also included.

It is evident from Table XV that the physics subjects
made the highest as well as the lowest comprehension scores.
They averaged 90.6 percent on the physics questions, but
only 65.1 percent on the history questions and only 64.3
percent on the education questions. Actually, every depart-
ment averaged higher in comprehension on the physics ques=-
tions than on‘any other set of questions. The education
subjects averaged 72.5 percent on the education test, 75.1
percent on the history test, and 83.7 percent on the physics

test, while the history subjects averaged 74.3 percent on the

education questions, 79.3 percent on the physics questions,

and 74.3 percent on the history questions.




TABLE XIV

SUIEARY OF ANALYSIS OF VARIANCE DATA FOR REPIXATION FREQUZICY

I

Degrees Sums Aor I
oL of .E. 1 per- 15 per-
Source Preedom A I. Squares F cent cent
Total cg7 | wovs.or 24 57663
Total (with replications -
SUMMEA) e eeoeecocaccooces 17 861.05 2.,989%75
DepartmentS..eeee.e.. 2 468 .77 1.62767 | 234,38 ;OE%%' 4.71 3.04
Passages.eceeene cecnann 2 19.07 06621 0.55 . 4.71 3.04
Ral’lks.......-.... ----- 1 15.55 . 005592 15'55 .67 6-76 5'89
Department-Rank....... 2 628.351 144,01 « 50003 72 .00 3.13 4,71 3.04
Passage—Ram........... 2 57.91 5-51 .01149 1065 06: 4.71 5.04:
Department-Passage..... 4 589,16 101.32 .55180 25.55 1.10 3.41 2.41
Department-Rank-Passage 4 109.04 «D7861L 27.52 1.19 3.41 2.41
Error 270 le217.02 | 21.58687 | 23.05

g9



TABIE

MBAYN COMPREHENSION SCORES IN PERCENT AND THE STAIDARD DEVIATIONS OF THE
DISTRIBUTIONS BY DEPARTIENTS I'OR ALL PA3SSAGES

Departments
““du-catiO' Physgics Histor
Passages = - J -SLory

L Graduate Graduate Graduate
Profegsors | Students Professors | Students Professors | Students

1. Education 70.0 75.0 53.7 75.0 70.0 78.7

7 21.9 F20.0 7 15.8 & 23.8 & 25.8 7 24.8
2. Physics 82.5 85.0 90.0 91.2 . 80.0; - 78.7 .

%24.1 7l3.6 7 14,6 710.2 g 14.5 g 33.0

3. History 775 68.7 57.5 68 .7 81.2 67.5

2L &5 12.6 7 20.4 F19.3 & 15.5 & 2.0

29
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The tendency to score higher on the physics questions
shows up in Table XVI, where the analysis of variance data
for the comprehengion scores are summarized. An T of 14.81
was derived when the total scores on the various tests wers
compared. It is the only instance to be found in thils table
of a difference significant at the 1 percent level. 1In ac=-
cordance with the procedure being followed, t tests were
made comparing the comprehension scores on each passage's
questions. Table XVIIT presents the resulting t values.

The t test comparingmthe scorses on the education and
history passagés resulted in a value that was not significant.
However, when comprehension»on the physics passage was com=
pared with comprehension on the other two passages, differ-
ences significant at better than the 1 percent level were
found. Why the éubjects tended to score higher on the phys-
ics questions is not clear. It is possible that the questions
on the‘physics passage were easier than the questions on the
other passages.

A possible source of criticlsm are the low average com=
prehension scores of the physics subjects on the sducation
and history passages. The average performances of the physics
professors on the tests for these passages were hardly-better
than chance. The questlion may be raised whether they actually
read the material and consequently whether the results for
.these passages are vallid. On the other hand, it i1s interest-
Ing to note the relationship which existed between the compre-

hension scores and the eye-movement results for the physics



TABLE XVIT

SUMMARY OF ANALYSIS OF VARTANCE DATA FOR COMPREHZHSION SCORES

Degrees‘

Sums Lor T
of of 1 per~|5 per-
Source Freedonm A T Squares D.¥. ol cent | cent
Total 287 141,990,000 145,798
Total (with replications
SUWMEA) e vooessvesoncens 17 7,768,400 26,975
DepartmentSecceeceecese 2 255,600 811] 116,800 o2 4.71 | 3.04
PasSSag9Sececscscscsccnss 2 3,754,400 13,306 11,877,200] 14 4,91 | 3,04
Ranks........... ooooo L 3 ] l 1,76’400 612 176,4'00 1059 6-76 5.89
Department=Rank..csesee 2 1,139,600 729,600 2,533] 864,300 2.881 4.71 | 3.04
Passage-Rank.eeeeeeesse 2 4,797,200 866,400l 3,008 435,200] 3.42] 4.71 3.04
Department-Passagd.e.... 4 5,478,800} 1,490,800! 5,176 372,700 2,94 3.41 | 2.41
Department-Rank~Passage 4 517,200 1,795 129,300( 1,02 3.41 | 2.41
Error 270 34,221,600]118,825 126,747

89



TABLIE XVIT

SIGNIFICANCE OF TH= DIF

IFFERENCES FOR COMPREE
I

2ISTON SCORLS
BETWEEN THE PASSAGE CONMBINATIOILN

S

' Degrees
Passages Compared of t 1 per- 5 per-
Freedom cent cent
Education vs. PhysicSeccecces 190 4.57 2460 1.97
Education vs. History........ 190 .06 2.60 1.97
Physics vs. Historyeeececsnee 190 4.85 2.60 1.97

69
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gubjects. Yable V has disclosed that this group read the
physics passage more rapldly than any other group read any
passage. It also shows that the physics subjects read the
history and education passages at a slower rate than any
other group read any passage. Turning to Table XV, we find
that the physics subjJects made a comprehension score on the
physlcs passage that was the highest made by any group on
-any passags. 'Conversely, the scores of the physics subjects
on the other two passages wore the lowest recorded. These
findings are strictly in line with the relationship which is
to be expected between rate and comprehension. Previous ro-
search has shown that rapld rate and good comprehension are
asseciated and that slow rate and poor comprehension go to=
gether. It is not so much that the physics subjects did not
read the education and history passages as that they had dif-
ficulty comprehending the material. The eye-movements were
affected adversely by the comprehending difficulty, which is
oxactly what should happen, if the reading performance 1is
normal. VWhen it comes to evaluating the validity of the find~-
ings of this study, these results for the physics subjects

constitute one of the greatest sources of encouragement.

summary. To swmmarize the results presented in this
gection, the following statements may be made:

(1) A1l of the professor groups tended to read the pas-
sage from their own fileld morelefficiently than the passages

from the other fields.
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(2) Of the graduate-student groups, only the physics
gtudents followed the pattern set by the professors.

(3) The education graduate-students tended to read the
physics passage sllightly more efficiently than the education
passage.

(4) The history graduate-students tended to read the
education passage slightly more efficlently than the history
Passage.

(5) The differences in favor of the passage from bhe
subjects! own field were statistically significant only in
the case of the physics subjects and then only for rate of
reading and fixation Irequency.

(6) The differences in favor of the famlliar passage
approached statistical significance in the case of the his=
tory professors for rate of reading on the education versus
history passage comparison and in the case of all the history
subjects for fixation frequency on the histvory versus physics
passagse comparison.

These results will be evaluated in Chapter VI, which is
reserved for a discussion of all of the specific ﬁi?dings of

this research.

Types of Reading as a Factor in Reading Performance

In Chapter IIT it was explained how the design of this
experiment permits a test of the hypothesls that different

types of sub ject=matter olicit different types of reading.



The point was made that if all the subject groups read the
physics passage at slower average rates than any other pas=
sage, it might be inferred that scientific material calls

for a slow, meticulous btype bf reading, and that if all of
the subject groups had their highest average fate on the hig-
tory passage, it might be deduced that history material elic-
its a rapid rate of reading. The results already presented,
however, have shown that no passage was consistently read
slovwer or faster by all the subject groups. In order to make
a further attempt to uncover types of reading, 1t becomes
necessary, therefore, to resort to the other approach which
was rnentioned. This other approach involves specific compar-
lsons of the performances of the varlous departments on un=-
familiar vpassages. If the education subjects read the phys-
lcs and history passages at significantly different rates,

if the history subjects read the physics passage at a sig-
nificantly slower average rate than the education passage,

and 1f the physics subjects read the history passage at a

e

significantly faster average rate than the educatlion passage,

% might be inferred that types of reading play at least a

|

part in reading performance. And so, t tests were made of
these comparisons for those measures which showsd a signifi-

cant difference in the analysls of variance.

Rate of Reading. Table XVIII presents the t values

which were obtained for rabte of reading. It is evident from

Table XVIII that the education subjects did not read the his-



SIGIIFICANCE OF TIHE
VARIOUS CONBINATIONS

VIIT

DIFFERENCES FOR RATE OF
OF DEPARTMENTS AND PASSAGES

WITH REFLRENCE TO TYPSS OF

I

1T

—

Department-Passage
Combination

Degrees
of
Preedom

5 per-

cent

Education subjects:
physics vs. NistOrFeeeececee

History subjects:

education vs. PhysSiCS.veee-s

Physics subjects:

gducation vs. history.seeeee

62

62

62




tory and physlcs passages at significantly different rates,
that the history subjects did not read the nhysics nassage
significantly slower than the education pasgsage, and that the
physics subjects did not read the history passage significant-
1y faster than the education passage. On the basis of these
results; we may state that the present study has not identi=-
fied either a slow rate of reading for the physics pvassage

or a fast rate of readlng for the history passage.

Fixation Frequency. Since we have not been able to iden-

tify special types of reading in terms of the rate scores, 1t
ig not to be expected that the results for fixation frequency
will be any different. Table XIX presonts the t values in=-
volving the three comparisons for this measure. Hothing in
these results glves encouragement to the 1ldea that different
types of material require different types of reading. Uhe
education subjects did not malke a slgnificantly different
nmiber of fixations on the history and physics passages, the
history subjJects did not make significantly more Ifixations

on the physics passage than on the education passage, and the

physics subjects did not make significantly fewer [fixabtlons

on the history passage than on the education passage.

Regresslon requency. This 1s one of the eye-movement

measures for which no significant F values were found in the
analysis of variance. HHence, no t values were conputed. The

results for regression frequency may be added to the negative
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side of the ledger along with the results for rate of recading

and Fixation frequency.

Refixation Frequency. ihere is no evidence, either,

that the nﬁmber of inaccurate return sweeps an individual
makes has any relation to types of reading. Table XIV shows
a significant difference for this measure when the tLotal de-
partmental performances ﬁere compared. However, this differ-

“once is not related to the problem of types of reading. All

departmental differences are taken up in the next section
which deals with the effect of special training on reading

habits.

Sunmary. The results of this section may be swmmarized
as follows:

(1) o convincing evidence of types of reading has been
obtained. ‘he following specific findings support this state-
ment:

(a) The education subjects did not read the physics
and history passages at significéntly different rates.

(b) The history subjects did not read the physics
passage at a significantly slower rabte than the educa-~
tion passage.

(c) The physics subjects did not read the history
passage significantly faster than the education passagse.

(2) The above statements apply not only to rate of read-

ing but also to fixation frequency, regression frequency, and
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refixation frequency.

mhe Bffect of Training in a Special Fioeld on Reading Perfor-

mance

In relating this question to the desipgn of the experi-
ment, it was stated that i1f the physics subjects read all of
the passages at a slower rate than the other groups, the in-
terpretation night be that constant reading of technical ma-
terlal serves to hamper rate on all materials. It was also
stated that if the history subjects read all of the passages

at a faster rate than the olther groups, the inference in that

case mipght be that wide reading of history material serves to
establish a rapid rate for other materials. <These statements
do not take into account the possibility that physics selects
peonle who are slow readers to begin with, and perhaps thas
history selects individuals who are rapid readefs at the be=
ginning. The design, therefore, called for a comparison of
the professors with the graduate-students in these depart=~
ments, the argument being that, if there is anything to the
notion that specializing on the materials of a gilven field
can have a transfer effect, the physics graduate~students
should read all of the passages at a faster rate than the
physics professors and the history graduate~students should
read all of the passages at a slower rate than the history
professors, inasmuch as the professors have had the longer
experience.

The question of training effects, however, is closely
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bound up with the concept of types of reading. The concept,
as previously stated, is that technical material induces a
slow, careful rate and that historical writing promotes a
rapid rate. DNo clearcut evidence to support thls concept of
types of reading was found in the present study. The results
throw into question whether the physics subjects uniformly
practice a slow rate of reading on the materials of their
field and whether the hisftory subjects uniformly practice a
rapid rate on the materials of their fleld. IHow can there be
a gpecial vractice effect under these conditions? The probe
lem becomes almost non=-existant. The results can hardly be
otherwise than negative. The evidence bears out this conten-
tion. ¥We did not find that the physics subjects read all of
the passages at a slower rate than the other subject groups.
Actually, they read the physlcs passage at a faster rate than
any other group read any passage. JLhey also read the history
and education passages at slower average rabtes than any other
group read any passage, but the explanation previously given
is that they had difficulty comprehending these materials.
Conversely, we did not find that the historyléubjects read
all of the passages faster than the other groups. Actually,
as pointed out before, the physics subjects read the physics
bassage at a slightly faster rate than the history subjectis
read the history passage. Comparing the performances of the
professors and graduate-students likewilse failsd to reveal a

training effect. The physics professors did not read at a
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slower rate than the physics graduate-students and the his=-
tory professors did not read at a faster rabte than the his-
tory graduate-students.

The results do show a tendency for the history subjects
to read slightly more proficiently than the other groups.
Table XX presents some of the evidence in the form of %
values. Two of the t values are significant, namely, those
comparing the history and physics subjects for rate of read-
ing and flxation frequency on the educatlon passage. The
difference in each instance favors the history group. Thus,
there 1s some evidence to show that the history subjects
read an unfamiliar passage at a faster rate than the physics
sub jects read the same unfamiliar passage. It may be pos-
sible that the difference is related to a difference in btrain-
ing. The only trouble with this argument is that no signifi-
cant differences appeared when the physics and education sub-
Jects were compared on an unfamlliar passage and when the
history and education subjects‘were compared on the unfamiliar
pagsage, that is, the physics subjects did not read the his-
tory passage at a signlficantly slower rate than the education
subjects, and the hlstory subjects did not read the physics
passage at a significantly faster rate than the education sub-
Jects.

The analysis of variance data presented earlier in Tables
IX and XIV offer oﬁe more source of hope for finding a train-

ing effect. It will be noted that in each of these two tables



TABLE XX

BETWEEN PHYSICS SUBJECTS READING UNFAMITLTAR IIATERIAL AND EDUCATION
AND HISTORY SUBJECTS READING UNFALIILTAR IJATERTATL

SIGNIFICANCE Or TiE DIFFEREICES FOR RATE OF READING AITD PIXATION FREQUENCY

Degrees
of 1 per- S5 per-
Comparison lleasure Freedom 't .ecent cent

Education subjects vs.
physics subjects A
reading historJeseeces Rate 62 C .91 2.66 2.00

History subjects vs.
physics subjects
reading educatione... Rate 62 2 .02 2.60 2.00

Education subjects vs. '
history subjects
reading physicS..ceess Rate 62 .02 2.66 200

Bducation subjects vs.
physica subjects
reading historyeeeooe Fixations 62 «85 2.66 2.00

History subjects vs.
physics subjects

reading education..s. Pixations 62 206 2.66 2.00
BEducation subjects vs. .

history subjects

reading physicCS.cceces Pixations 62 1.55 2.66 2.00

08
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a significant ¥ was dgrived for the total departmental per-
formances. In order to study the detalls of the difference,
+t tests were applied. Table XXI presents the results. Table
AXI establishes the fact That the physics subjects did not
maeke significantly more fixations than the education subjects,
but it does reveal that the history subjects made signifi-
cantly fewer fixatlons and refixations than the other two
depértments. Thus, while technical material may not make

for slow readers, history material may tend to pfoduce rapid
readers. The latter suggestion is based on the finding that
the history subjects read an unfamiliar passage at a signifi-
cantly fastor rate than the physics subjects and on the fur-
ther finding that, as a department, the historj subjects

made significantly fewer fixabions and refixations than both
the education and physics groups. Definite concluslions are
difficult to reach. There were no significant differénces
between the ranks in the history department. The possibil-
ity remains that the history subjects were a select group of

individuals who wers rapid readers before they entered the

history field.

Sumary. Thils section of the results may be summarized
as followg:

(1) No clear-cut evidence has been found that training
in a special field affects reading performance inAother areas.
The following specific findings support this statement.

(a) The physics subjects did not read all of the



TABIE XXT

SIGNIFICANCE OF THE DIFFEREICES FOR I

FREQUENCY BETWEEN TOTAL DEPART

IXATIOY FREQUENCY AND RJ:JFL\A I0N

FENTAL PERFORIANCE

Degrees |
of 1 per- 5 per-
Comparison Measure Freedom t cent cont
Education subjects vs.
physics subjectSeesesecs Iixations 190 .88 2.60 1.97
BEducation subjects vs.
history subjectsSecececse Fixations 190 3o 1O 2.60 1.97
Physics subjects vs.
history subjectse.cecs. Fixations 190 2280 2.60 1.97
Bducation subjeclts vse.
physics subjectse.c.... Refixations 190 .80 2.60 1.97
Education subjects vs.
history subjectsecieeess Refixations 190 Sl 2.60 1.97
Physics subjects vs.
history subjects....... Refixations 190 L.42 2.60 1.97

a8
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passages slower than the other subject groups.

(b) The history subjects did not read all of the
passages faster than the other subject groups.

(¢) The physics graduate-students did not read
faster than the physics professors.

(d) The history graduate-students did not read
slower than the history professors.

(e) The vhysics subjects did not read an unfamll-

lar passage significantly slower than the education
gubjects roead the same unfamiliar passage.

(£) Te history subjects did not read an unfamile
lar passage sipgnificantly faster than the education
subjects read the same unfamiliar passage.

(2) There 1s a suggestlon, by no means conclusive, thatb
training in the fiseld of history may tend to make for rapid
readers. This statement seems to be supported by thesse
specific findings:

(a) The hilstory subjects did read an unfamiliar .
passage significantly faster than the physics subjects
read the same unfamiliar passage.

(b) The history subjects, as a department, made
significantly fewer fixations and refixations than the

other two departmental groups.

Individual Differences in Reading Performances

The presentation of the results dealing with the three
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gecondary questions remains. The first of these questions
concerns the individual differences in eye-movement perfor=-
mance which exist among the present group of subjects. The
results relating Gto this problem will be présented separately
for the three measures of greatest interest: rate of read-

ing, fixation frequency, and regression frequency.

Individual Differences in Rato of Reading. Figures 2,

3, and 4 show the distributions for rate in ems per minute
geparately for each group and eéch passage. The mean of
gach distribution is indicated by the broken line which runs
through the figure, while one standard deviation above and
below the mean is marked off by the finely dotted lines which
appear on elther slde of the mean.

Figure 2 presents the frequency distributions for rate
of reading for the education subjects. Wide individual dif=
ferences exist among both the professors and graduate-students
on all passages. On the educatlon passage, for example, there
was one professor who read almost three gimes as rapidly as
the slowest reader in the group. It is obvious at a glance
that the intra-passage individual variation is enormously
greater than the group variation from passage to passage.
For the educatlon professors, the difference between the low-
est and highest mean scores was only 61 ems per minute- (23
words per minute). This may be compared with a difference of
780 ems per minute (300 words per minute) between the fastest

and slowest individual rate scores for these professors on
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the education passage. There are no important differences

in the amount of the intra-passage variation from selection
to selactlion, and there are nc important differences betwecn
the pattern of the intra-passage individuwal variation for the
proressors and graduate-students. The largest standard devi-
ations were obtained on the physics passage for both groups,
while the smallest standard deviations were obtained on the
history passage.

Figure 3 shows the distributions of the rate scores for
the physics subjects. Wide individual differcences are again
evident. On the vhysics passage, for example, there were
some proflfessors who more_than doubled the rate of the slow=
est readers in the group. The Intra-passage individual var-
latlion greatly exceeds the inter-passape group variation,
although not as much as in the case of the education subjects,
inasmuch ag familiarity played a more significant part in the
performance of the physics subjects than in that of either
the educatién or history groups. Uthe différence between the
physics professors! mean rates on the passages they read the
fastest and slowest was 261 ems per minute (100 words per
minute). This fipure can be compared with an intra-passage
individual variation of 726 ems per minute (278vwords per
minute) for the physics professors on the physiqs péssage.
The largest standard deviations were obtained on the physics
passage for both the physics professors and graduété4étud3nté,

just as in the case of the history subjects. The least amount
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of individual variation, as measured by the standard devia-
tions, was obtained on the education passage for the physics
professors and on the history passage for the physics graduate-
sbudents.

Figure 4 displays the Ilfrequency distributions for rate
of reading for the history subjects. Once again, large indl-
vidual differences sexist among bhoth the nrofessors and the
graduate~students. One history »rofessor, for example, read
the educabion passgsage more than three itimes as fast as another
history professor Aaid. The group variation from passage to
passage cannobt compare in magnitude with the intra-passage
individual variation. The difference between the history
professorg! méan rates on the passage they read the fastest
and the passage they read the slowest was 143 ems per minute
(59 words por minute). ‘Yhis may be compared with a differencé
of 894 ems per minute (342 words per minute) between the fast-
63t and the slowest individual rate scores for these profes=
sors on the history passage. 1he amount of intra-passage
individual variabtion among the history professors was falrly
constant from passage to passage. The history graduate-~
students pretty much follow the patterm of the professors
wlth regard to variability. The standard deviations for both
groups are so nearly alike on all passages that there is little
to be gained from making cross comparisons.

In general, there was very little difference in the vari-

ability of the rate performances between departments, unless
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it be that the physlcs subjects were slightly less variable
on the education and history passages than were the education
and history subjectg.

Pigures 5, 6, and 7 1llustrate in terms of actual eye-
movement records the intra-passage individual variations
which existed among the subjects in all departments. On each
figure two pailrs of'eye—movement records are shown. UThe first
palr represents one of the lastest and one of the slowest
readers among the professors in the department concernsed; the
second pair represents one of the fastest and onebéf the slow-
est readers among the graduate-students in that degartment.
These records have been selected from the performances of the
subjects on the passags for their own department.

Figure 5 illustrates the individual differencég in rate
of readiﬁg for the education subjects. A comparisoh of the
two professors' records reveals that the fast reader, Case 2,
read ten lines in the same bime that the slow reader, Case 16,
read four llnes. An inspectlion of the other pair-of records
shown on this figure reveals that a similar difference existed
between the two subjécts representing the graduate-étudents
in education.

Plgure 6 presents the eye-movément records illustrating
these differences fof the physicsrsubjects. A comparison of
the records for the two professors shows that Case 15, the
fast reader, read nine lines in less time than it took Case 5,

the slow performer, to read four lines. The difference between
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the eye-movement records for the two graduate-students pro-
vides an equally good example of the individual differences
in rate of reading which existed among the physics subjecﬁs
on the physics passage.

The records shown on Figure 7 1llustrate the individual
differences in rate which existed among the history subjects.
It will be noted that the eye-movement record for Cass 13 of
the history professors is somewhat faded in thé lower portion
of the 1llustration. Illowever, it was possible to read the
original record with the aid of a special light. The com=-
plete record shows that this professor read seven lines as
guickly as Case 10 read four lines. A compareble difference

oxists between the records for the two graduate-students.

Individual Differences in Iixation Frequency. Figures

8, 9, and 10 show Tthe distributions for fixations per em for
each group on each passage. The same method of identifying
the mean and standard deviation of each distribution has been
followed as in the case of igures 2, 3, and 4.

Figure 8 displays the Ifrequency distribution for fixa=-
tlons per em for the education subjects. As in the case
of rate of reading, large individual differences exist among
both the professors and graduate-siudents on all passages.
For example, one education professor méde » 189 fixations per
em (5.4 fixations per 1line), while another professor on the

same passage made .497 fixations per em (14.3 fixatlons per

line). It 1s evident that the intra-passage individual
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variation is wvastly greater than the inter-passage group var-
iation. The differonce between the highest and lowest mean
fixation scores among the professors on the education passage
was .016 fixations per em (.46 fixations per line). 'his may
be compared with a difference of .308 fixations per em (8.9
fixations per line) between the highest and lowest individual
fixation scores for this group on the same passage. The
intra-passage varlation is fairly constant from selection to
selection, and there is little difference between the intra-
pagsage individual variation of the professors and graduate-
students. The standard desviations obtained for the profeg=
sors and graduate-students on each passage were very similar,
except as the professors tended to be slightly léss variable
than the graduate-students on the physics/passage.

Figure 9 presents the frequency distributions for fixa-
tions per em for the physics professors and graduate-stud-
ents on sach passage. Here again, large individual differ=-
ences '‘are evident. On the physics passage, for example, one
of the physics professors made almost three times as many
fixations as another physics professor. . The intra-passage
individual variation on all passages fér both the professors

“and graduéte-students is greater than the group variation
from passage to passage. The difference between the physics
professors! mean flxation scores on the passage Tthey read
wlth the fewest fixations and the passage on which they made

the most fixations was .047 fixations per em (1.3 fixations
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per line). Thils difference 1s rmuch smaller than the differ-

once of «239 fixations per em (8.3 fixations per line) that
was Found between the fixation scores of the physics profes-
gor who nade the most Lixabtlons and the one who made the
least on the pvhysilcs passapge. “here is some fluctuation in
the standard devliations from passapge to passage and some
difference in the standard deviations between ranks on the

same passage. The small standard deviation for the physics

graduate=-students on the physics passage is especially con-
gpicuous. On the education passage, however, the graduate-
gtudents were more variable than the professors. It is
“doubtful whether any significence can be atﬁaohea to these

- differences in the standard deviations.

Figure 10 presents the frequency distributions for fixa-

tiong per em for the history subjects. Once again, large
Y -] g 3

individual differenceé occur among both the professors and

the graduate-students. One history professor actually made

~almost three times as many fixations per em on the education
passage as another did. The group variation from passage to

passage does not approach a difference of this size. The
difference between the history professors'! mean fixation

~Scores, on the passage they read with fewest fixations and

the passage on which they mede the most fixations,-was »038
fixations per em (1.1 fixations per linse). On the other hand,

- the difference between the highest and lowest individual fix-

ation scores for the hisbtory professors on the history passage
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wag 216 fixations per em (6.2 Ffixations per line). There
are no important differences in the intra-passage individual
variation for the professors from passage to passage. The
graduate-~students pretty much follow suit in this case. The
differences between the standard deviatlions from passage Lo
pagsage or from professors Lo graduate-students on the same
passage are negligible.

o important departmental differences have cmerged from
this analysis of the fixation frequency distributions.

o

Figures 5, 6, and 7 may be resxamined with reflfarence wo
the intra-passage individual variation which was found for
fixation frequency. A comparison of the performances of the
two education professors, as 1llustrated on Figure 5, revoals
that Case 2, the fast reader, made 49 fixations on nine lines,
while Case 16, the slow reader, mads 53 fixatlions on four
lines. An analysis of the eye-movement records for the two
education graduate-students shows a similar difference for
this measurs. A coﬁnt of the fixations made by the tTwo
physics professors on the records shown on Figure 6 discloses
that Case 15, the rapild performer, made 44 fixations on nine
lines, while Case 5, the slow performer, made 55 fixations

on four lines. The records for the two physics graduate-
students divulge equally striking differences. A comparison
of the two history professors! eye-movement records, as il-
lustratéd on Mgure 7, show thalt Case 13, the rapid readsr,

nade 28 fixations on seven lines, while Case 10, the slow
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performer, made 46 fixations on five lines. The eye-move-

ment records for the two history graduate-students reveal

substantially the same difference.

Individual Differences in Regiression Frequency. IMig=~

ures 11, 12, and 15 present the distributions for regressions
per em separately for each group of subjects on each passago.
The mean and the standard deviation of each distribution are
indicated in the same mamner as before.

Figure 11 presents the regression-Irequency dlstribu=-
tions for the education subjects. As in the case of rate and
fization frequency, -wide individual differences exist among
both the professors and graduate-students. 1Vhereas one edu-
cation professor made no regressions on the education passage,
another professor in the group averaged 5.5 rogresgssions per
line on the same passage. The difference between the lowest
and highestlmean regression scores made by the professors
vas .00l regressions per em (.02 regressions per line). The
intra~passage individual variation among the education pro=-
fessors on all passages eclipses the inter-passage group
variation. The same points can be made regarding the distri-
butlons for the education graduate-students. The largest
standard deviation was found on the education passage for the
professors and on the physics passagebfor the graduate-stud=
ents, but otherwise there is very little to choose bhetween
the ranks.

Figure 12 presents the regression scores for the physics
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cocpnaors and praduate-students.  Once more, large individ-
ual daifferences are manifest =among the physics subjects. i
One physics professor made no regressions on the physics

passage, while another made 2.1 regressions per line. The
difference between the lowest and highest mean regression

scores for the physics professors was .018 regressions per

em (.52 regressions per line). It is readily perceived

that the intra-passage individual variation on all passages
for bothAthe physics professors and graduate-students is of
far greator magnitude than the inter-passage group variatlion. ?
e standard deviations for the professors from passage to E
passage are very much alike. A relatively large standard ;

deviation was obtalned for the physics graduate-students on

the educatlon nassage, the rcason being that one case devi-
ated sharply from the rest of the distribution. Otherwise,
thore ig 1little difference in the standard deviations Tfor i

the professors and graduate-students.

o

T

Figure 13 reveals the regression-frequency distribu-
tions for the nistory subjects. It is the same old story of i
individual variation. One professor made no regressions on
the history passage, while another made 1.9 regressions per
line on the same passage. The difference between the high=-
st and lowest mean regression scores for the hlstory profes-
sors was .0l2 regressions per em (.34 regressions per line).

Just as has been true all along, the intra-passage individual

varlation on all passages for both the professors and the
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graduate-students is much larger than the inter-passage group
variation. The standard deviations of the repgression-fre-
quency scores for the history subjects were generally larger

than for either the eoducatlion or physics subjects and highly

[_J-

uniform in size. The physics subjects tended to be the
least variable on this measure, except for the performance
of the physics graduate-gtudents on the education passage.
To take one final look at IFipgures 5, 6, and Y7, this
time with reference to the intra-passage individual varia-
tion which was found for regression-:frequency. The records
for the two education professors on Figure 5 divulge thaf
Case 2, the rapid reader, made no regressions on ten lines,
while Case 16, the slow reader, made nine regrossions on
only four lines. The records for the two education graduate=-
students may be reforred to as another example of the indi-
vidual differences in regression~Irequency which were found
antonne; the education subjects. The records for the physics
subjcets exhibited on Figure 6 reveal that the rapid reader
of the professor palr, dase 15, made six regressions on nine
lines, while Case 5, the slow reader, made nine regressions

on four lines. The records for the two physics graduate-

| S

students provide another example of the same sort of indive
ual variation. An inspection of  the records for the history
- Subjects displayed on Figure 7 shows that Case 13, the rapid
reader of the professor pair made only one regression on

seven lines, while Case 10, the slow reader, made seven re-




gressions on five lines. Yhe performances of the two history

graduate-students differ in like fashion, in that the fast

rgader rade on Tour.

Suwmary. The specif ings on individual differ-
encaes may bhe suwmarized as follows:

(1? Wide individual variation existed withilin each sub-
ject group on all passages, as measured by rate, fixation
frequency, and regression freguency.

(2) Tho intra-passage individual variation on all pas-
sages for each group was vastly greater than the inter-pas-
sage group variation. |

74 o

(9) ilo consistent differences were found in the amount

of intra-passapge individual variation from passage to pag-

SAL G

L.

“

(4) ilo consistent differences omerged in the amount of
intra-passage variation between the ranks.
(5) ilo important departmental differences were found

with regard to the extent of intra-passarge variability.

Studies of Omnivorous Readsers

We come now to ths second of the ancillary questlons.
As reported before, the literature contains a number of ac=-
counts of individuals who wore credited with being able to

!

read in "chunks", "sections", or "gulps". In no case were

the claims supported by eye-movement évidence. The subjects
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of the present study include at least one individual for whom

gimilar claims have been made. It was felt, therefore, that

a study of the eye-movement records of the swiftest readers

in the group might offer an opportunity to evaluate the

claims which frequently are made that there are individuals

viho can read whole lines or even paragraphs in a single
rplance or fixation of the eyes.

An analyais of all the records reveals that fow subjects

read Ffaster than 1300 ems per‘minute (500 words ner minute).

This rate was arbitrarily set up as the standard for select-

N
b}
cl

ng the swiftest readers in the group. Actually, only filve

gub jects were found %o have read this fast. Case 135 of the

- history professors read the history passage at 1500 ems per

ninute (575 words per minute), the education vpassage at 1380

‘e

ems per minute (530 words per minute), and the physics pas-
sage at 1550 ems per minute (520 words per minute); Case 16
of the education graduate-students read the physics passage
at 1338 ems per minubte (512 words per minute); Case 8 of the
physics graduate-students read tho physics passage at 1481
ons per minutgw(568 words per minute); Case 3 of the physics
graduate~-students read the physics passage at 1338 ems per
minute (512 words per minubte); and Case 11 of the education
professors read the physics passage at 1554 ems per minute
(596 words per minute). This is the entire list of subjects
who read faster than 500 words per minute. Incidentally,

the rapid readers for whom illustrative eye-movement records
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were shown on Figures 5, 6, and 7 . include a few of the indi-

viduals listed here. These are Case 16 of the education 3

praduate-students represented on Figure 5, Case 8 of the

physics graduate-students represented on Figure 6, and Case
13 of the history professors represented on Figure 7.

Of the five cases listed, only one subject, Case 13 of
the history professors, maintained a speed of 500 words per
minute or better on all passages. Case 13 happens to be the
individual who has the reputation on the University of Michi-
gan campus of being able to read a line or a paragraph at a
glance. One will search the record shown for this case on
Figure 7 in valn for evidence of single eye-fixations per
line or paragraph.. The same may be sald for the records of
Case 16 of the educatlon graduate-students on Iigure 5 and
of Case 8 of the physics graduateéstudents on Figure 6. One
might object, however, that the passages used in the present
study were toé difficult to read in anything but the normal

manner, and also, that the comprehension requirement operated

to put the damper on speed.

o

In view of these objections, Case 15 was invited for

further tests before the Opthalm=-O=Graph. These additional

tests involved mabterial ranging in difficulty from the pri-

mary to the college level. Formal comprehension check tests

.
i
B
gx::
2
&

were omitted and the subject was merely told to read the ma-

terial as he normally would. One may search these records

also without avall for single fixations per line or paragraph.
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tes

The fastest rate achieved on the supplementary ts did not
exceed 600 words per minute. This is an exceptlonally fast
roading speed, but it is far from what We’wgre SQarching for.
It seems clear that this subject, while a mﬁch fasﬁer reader
than most of his colleagues,'nevertheless reads in the con-
ventlional manner, in'that he makés severél fixations per
line as well as occasional regressions. | |

Actually, thé subjedt who tufﬁed-in the fastast single
performance on the regularrpassagésvwas nét Case 15 of the
history professors at all, but Céée 1170f‘thefeducafion pro-
fegsors, who read the physics passage‘at 596-Words-per minute
and made 5.8 fixétions}per line. ‘

An interesting sidelight can be offefedfby'wgy of an ac-
count of the reédipg}habits of_ahother unusual reader, Colum-
bia Univeraity's distinguiéhéd educational psycholdgist, Pro=-

feasor Edward L;;Thorndiké,' Professor Thorndike has been

credited by gggé maggzing‘With5having read the Cyclopedia of
Lducation as bedﬁime reading, Professorvwalter F. Dearborn,
of Harvard Uhivérsitj, has*recentiy»dbtainéd some eye-nove-
ment records ofifroféssqr_Thandike's réading_by méaﬁs of the
electrical-potgntial techﬁiqué. ;ﬁr.:Deafborn haé given the
present writeri@erﬁissipn to ﬁsefthéAsagtionféfrPrOfeSsor
Thorndike's electro-oculograml shown on Figure 1l4. The read-

ing material in thils cass was a selection from Adam Smith'!s

Yealth of Natlions. A comprehension check was reguired. A

1Torm used to denote eye-movement records obtained by
the electrical~potential technique.
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rough estimate of Professor Thorndilke's performance, as il=-
1lustrated on igure 14, 1Indicates that he was reading at
§;about 560 words per minubte and makinﬁ an average of six fixe-
ations per line. %With Professor Thorndike's record to sup-
’V,p;ement the eye-movement records obtained from the subjects
f;of this investipation, it seems clear that even the most

- omnivorous of readers do not read with the lightning rates
-commonly reported, especially when they are asked to make

good their performance on a comprehension checl test.

Suwrmary. The followling poinbts summarize this section
~of the resulbs:

(1) Among the subjects used in this investigation, no
svidence was found to support the contention %hat there arse
“Individuals who are able to read in single fixations per line
or paragraph.

(2) Only five subjects were found who read as rapidly
as 500 words per minute.

(3) Only one subject read all three passages ab rateg
as high as 500 words per mlinute.

(4¢) The fastest single performance which was achieved

on any passage was 596 words per mlnute.

The Problem of Rhythm Reading

And so we come Lo the last of the secondary questions.
As stated previously, several authorities, notably Dearborn

(12) and Robinson (42), have declared that good readers char-
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acteristically read with a rhythmical pattern of eye-move=

nents which remalns more or less constant from line to line.
Partly as a result, a number of gadgebts and devices have been
introduced on the market which seek to improve reading by
training the poor reader in what is suppossd to be the pat-
tern of the eye-movemehts of the skillful reader. Actually,
the evidence for the whole idea of rhythm reading 1s very
limited. For one thing, so few gstudies have been made of the
eyve-movements of good roaders. Since the subjects of the
present study may be classed as good readers, it was felt
that the eye-movements of a few of the most rapild readers in
the group might be profitably studied with reference to the
problem of rhythm reading. The records for the good readers
represented on Figures 5, 6, and 7 may be used as test cases.
The records for the slow readers of each palr may be employed
for comparative purposes, inasmuch as slow readers arse sup=-
pogsed to read in a less rhythmical fashion than fast readers.
Yo can look first at Figure 5, which presents the sample
roecords for the education department. The record for Case 2,
the rapid reader of the two professors, is rhythmical in the
way that Dearborn and Robinson have described. This record
ghows 1little variation inbfixation frequency from line to
‘line. Lines 1, 2, 3, and 9 are remarkably similar in detail,
The same may be said for lines 6 and 7. The record as a
whole is highly regular. There are no regressions, and the

four refizations on the record are a part of the repetition
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of the pattern of lines 1, 2, 5, and 9. The record for Case
16, the fast reader of the two educabion graduate-students,
is not as regular in pattern as the record for Case 2. lLlore
variation in fixation frequency from line to line is shown,
and occasional regressions were made. IlHowever, even on the
record for Case 16, some repevitlion of pattern is evident.
Lines 5, 8, and 9 of this record, for example, are remarli-
ably alike in detail. Ilo such repetition of pattern appears
on the record for the slow reader of sach pailr. The record
for thoe slow-reading professor 1s especially variable. The

record for this individual on IMlgure 5 shows twenty fixations

on the first line and only seven on the second line.

TQQO?QS; ag illustrated on I'igure 6, shows that Case 15, the
fast reader, read rhythmically on some lines and arhythmic-
ally on other lines. TFor example, lines 1, 5, and & were
read in four evenly spaced fixations, whereas the reading of
lines 2, 3, and 4 was marked by irregular eye-movements.
However, the record of Case 15 is decidedly more uniform than
that of Case 5, the slow reader. A glance at the two gradu=
ate-students' eye-movement records reveals that Case 8, the
rapid reader, read the various lines wi%h falrly regular
eye~movements. On the othér hand, the eye-movement record
of Case 11, the slow reader is highly irregular.

On Pigure 7, the eye-movement record for Case 13, the

fast-reading history professor, does not reveal much evidence




reading.

three or four lines of

[W:

To

one line in the usual
next line in a baclkward

There is gsomo indicatlion in tho I[irah
his record that Zass 15 ¢ nry mnad

pyard directlon and then rond bne
direction, glipping tho rehurn swuses

on of the two history rroduante-giulonis!
shovm on Mirure 7 shows Lhat tho mecord
or Case 10, the ranid reader, vhile not vory vhyiimlcol ot
the start, became mucl more regular near the ond; Iinos 6
and 7, for exerwcle, are very much alilze in pattern. Who
vecord for Jase 5, thie slow=rgading nistory graduate-situdony,
reveals no renetiilicn in natisrn, nor does the record rox
Case 10, the slcw-rsziing nistory nrofessor.

One nabli wnich 4id smerge was the proclivity of some
individuals tc molie refizeticrs on almost every line of cevery
passage. Ctlcrn LT cver rnade refixzations
‘e two recoris Illustrote this diffesrencs.
ithe recoxrd For trhe mnvsics nrofosgor, coutalng a re-
fixzation on svery linz. Uhe record for Casc 5, the education
professor, containsg no refirxetions. Incidentally, Casec 15 of
the vhysics profegsors wes o folrly rapid reador It 1s in-
Teresting te oomsesrve the repetition of detail hils record pre
sents. Iines %, I, =nd 4 cre very much alilte in patlern,

The reletively longs wnause whilch occurs at the ond of every
line is in natbure of an It nay o
profitenle somet to vecexamine all o the racords colloctod
in this study for other exomplces of Ilndividual habits of Lhat
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Swmary. The following points swmariy
of tho rcsulbts:

(1) A comparison of the records showad
readers tonded to read in a nore rhythmical

the glow readers.

o

Fa)

(2) The wepstition of detaill from line
rathor striling in the case of a few of the
cood readers.

(3) In a few other insténces, avidenco

arhythmical reading on the part of the good

@ this section

that the fast

fashion than

to line was

records for the

was found of

readers.,

(4) One hebit which eémerged from the records as a whole

was a tendency on the part of some readers to malke roefixa-

tions on almost every line of every nassage.




CHAPTER VI
DIGCUSSIOH OF TID XSULY

As mentioned before, thls chapter has been reserved for
an evaluation of the general results as well as for a discus-
sion of their Iimplicatlons and applicatlons. Yo begin with,
1t may be sald that familiarity has emerged as a factor in
reading performance. Iixcept for the failure of the education
and history graduate-students to conform to the general pat-
tern, all of the results presentod in the first section of
the specific findings add up to that end. Yhy sigﬁificant
differences were obtained only for the physics subjects is a
forensic question.. It is possible that the physics subjects
were relativelj more specialized than the other groups. Sup-
port is lent this hypothesis by the relationship which was
found for the physics subjects between their rate scores on
the various passages and their scores on the comprehension
check tests. A corallary idea is that the education and
history subjects may have bheen relatively less speclalizad.
It is true that within the School of Education there are many
subject-matter specialists. Some specialize in science, some
in the social studies, and so forth. This condition may ac=-

count in part for the failure of the education subjects to

118
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read the passage from thoir own field significantly more ef=-
ficiently than the passages from the other two Fields.

Famillarity also seemed to be less of a factor with the
graduate-students than 1t was with the professors, il we ex-
clude the performance of the physics graduate-gstudents. Per=-
haps the professors were relatively more familiar with the
passages from their own apecial field than were the graduate-
students, and hence their performance merely reflects their
longer training and experience in the field. The obvious
application of these observations is that familiar materials
be used to promote rapid reading and that the art of slow,
careful reading be taught by means of unfamiliar materiale.
These suggestions are contrary to the plan proposed by
licCaul (33).

The evidence for types of reading was not convincing.

The physics passage was nobt read slowly by everyone, nor was

the history passage read rapidly by all the subjects. All
passages were read both rapidly and slowly depending on the g
individual reader. Thus, encouraging students to skim over

history material is questionable advice, just as it 1s un- |

necessary to tell everyone to read science material at a
snaills pace. |

These findings dealing with types of reading were some=
vhat at odds with the introspective testimony. Virtually
every physics professor stated that the usual content in

pPhysics requires a slow, careful reading because the materilal




1g wplitten 1In 2 very compact style, with important points
and formulas bprought up in almost every phrase. It is pos=
sible that the physlcs passage used in the present study was
no' entirely typical of the material one usually encounters
in this field. Different results may have been obtained if
the physics passage had contailned formulas. Iowever, Rebert
(40, 41) has shown in two investigations (1) that the inclu-
gion of numbers In a reading selection does not allber the
normal reading pattern, providing the numbers are familiar,
and (2) that individuals highly trained in a field such as
physics or chemistry will read passages containing formulas
from thase rields with fewsr fixations than ihdividuals who
ars less specialized. Famliliarity seems %o be the deciding
factor. A slow rate will not help if the individual i1s un-
familiar with the language of mathematlcs or science. The
history subjects, as a department, tended to read more rapld-
ly than the subjects of the other deparitments. This again

may not be so much the materials per se, as it is a matter of

practice. It is possible that historians ars called upon to

read more extensively than specialists in many other depart-

ments, and there 1s nothing that promotes fluéncy more than
extensive reading of a wide variety of mabterials.

The evidence for the idea that training in a given fileld
affects the individual's reading performance in other fields
was also without conviction. Ixtremely fast, as well as very

slow, readers were found in all departments. The results
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geem to indicate that the speed with which a person reads is

an individual matter. Certainly, just as slow readers were

found among the history and education subjects as among the
physics subjects. ‘hen training in a technical field is

plven as the reason for a slow rate of reading, the individual
may be stating not so much the cause of his slow reading as
finding an excuse for it.

If there is one thing that this sbudy has shown, 1t is
that wide individual differences in roeading skill existed
among the subjects of all departments. TFast and slow readers
wera found in every department, and the over—lépping of the
digtribubtions from passage Lo passage was enormous.

o evidence was found for the idesa that there are indi=
viduals who can read in single fixations per line or para-

graphs Reports of such cases can be regarded with skepticilsm,

unless the claims are supported by eyg-movement evidence.
While it‘is true that some individuals go through a book so
rapldly that they never stop turning pages, 1t can also be
said that they are not really reading, but rather are oengag=

ing in a masterful form of skimming. In such cages, unless g

the material iz extremely famillar, the individual camnot
stand much of a test on the material. The comprehension re-
Quirement in the present experiment was very modest, but it
wvas enough to abolish the idea that there might have been in-
dividuals in the group who could give a passage one guick

glance and absorb the material. ;




If anvthing, the subjects used in this study did nob
o a8 & ;

read ag skillfully as might be supposed. <The average rate

for the three groups of professors on all passages was 305
words per minute and 8.56 fixations per line. Yet statements
aro freduently made in the literature that good feaders avelr-
age only ?hree or four fixations per line. Such statements FE
are careless generallzations of the facts. rhe notion that .
good readers regqulre only three or four fixations to navi-
gate a line stems from Buswell's early study (8). But, as
Stroud (49) has pointed out, Buswell used a Vary shért line
and very easy mabterial. 1hen Stroud converted Buswell's
data into number of fixations per 24 and 28 pica lines, he
found that six or seven fixations per line would have been
the oexpected performance, and this on the part of Buswell's
best readers on second grade material. Since 1t is known

that the number of fixations increases with the difficulty

of the material, Stroud concludes that eight or ten fixations :
per line more nearly approaches the number of fixations the

average mature reader makes. The results of the present situdy

support Stroud's contention. And who would think of design- ;

.

ing a pacing device involving eight or ten lixatlions per

line? _

With regard to the problem of rhythm reading, some evi=
dence was found to support the idea that the very best of
readers do occasionally adopt a set pattern of eye-movements

which 1s repeated at least on some of the lines. These are i

the "short-lived motor habits"l of which Dearborn speaks.

1Deafborn, op. cit., p. 29.

e tra
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There also secm to he times when fagt readers resort to a
pattern of eye-movements which can only be termed arhythmil-
¢al. In this connection it may be appronriate to present an
analysis which Dearborn has made of the eye-movement hablts

of Dr. Robert B. Blake, Professor of History at larvard and
formerly Director of the Harvard ILibrary. Dr. Blake is sup-
poged to be able to read with blazing speed. Here follows

the analysis which waé made of Dr. Blake's eye~-movement habilts
and which thoe writer is quoting with Dearborn's permission:

The eye=movement record of Professor Blake is character-
ized by a small number of fixations per line, (between four
or five on the average), but a large nwiber of regressions=—-
in fact so frequent are the regressions that it is usually
difficult to tell whalt is a reiturn saccadic sweep and what
is a regressive movement.

The record suggests that Professor Blake follows the
line of print closely for seweral lines then skips about
through several more and then reads closely again. Thus,
the record for short stretches follows the usual reading pat-

£y

tern, which portion is followed by haphazard pattarns.
) g {

There i1s some indication in the record that Frofessor
Blake may read one line in the usuval forward direction and
the next in a backward direction thus weaving down the page.

In regard to the comprehension checks: a comprehension
check was taken evory twenty-Tive pages. Since Professor
Blake read over soventy~five pages in the half-hour trial,
three of these internal checlks were taken. These internal
chacks measure primarily the comprehension of the details of
what has just been read. On the first check the score was
15 right out of 22; the second, 6 right out of 20; and the
third, 14 right out of 20--all of which scores are bolow
those made by the other subjects of this experiment. The
final comprehension check primarily measures the comprehension
of the peneral thought of what has been read. Professor Blake's
score on this final test was 15 right out of 17 attempted.

It may be concluded that Professor Blake'!s method of read-
ing reduces his comprehension of details, but does not impair
his comprehension of the gist of the subject matter read. The
record shows definitely that the reading was not done by glanc-
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ing at the page, but it is rather the result of a highly
skillful skimming procedure balanced by more ordinary read-
ing when noecessary.

The suggestion that Professor Blake may read one line
in a forward direction and the next in a baclward direction
is rominiscent of the eye-movemont records for the two pro-

fessors shown on Figures 6 and 7. On Fipure 6, the cye-rove-

(&)

ment record for Case 15 of the physics professors gilves sone
gigns that this individual may héve been reading in the man=-
ner ascribed to Dr. Blake. One may note in the third, fourth,
and fifth lines of this rocord how the eyés seem to have been
weaving bhacls and forth across the lines rather than making a
definite return sweep. On Figure 7, the eye-movement record

of Cage 135 of the hisbtory professcrs shows the same lkzind of

verformance in the second, third, and fourth lines.




CHAPTER VIT
SULLIARY AND COICLUSICIS

1. Review of Lhe Conditions of the Study

p——rh

This investipation has involved a study of the oye-
novements 1n reading of three groups of University of lilchi=-

can professors representing the flelds of educatlion, physics,
and history. The reading materials were soelected from tho
same three fields, and each subject read the materlal Ifrom his

ovm field as well as the materials from the othor btwo flelds.

Mme nrofessors all had thelir doctorates and an academic rank

of asgssistant professor or higher. A group of sgraduate-stude
! ~ . a - S ) - Fa kK ] 3 . ot b 2

ents from each of the three flelds was run through the same

experiment. All of the graduate-students were wonliing for

their doctorates and for the most part were teaching fellows.

The graduate=students were included for comparative and con=-

trol nurpnoses.

Throee palrs of reading selections wore used in Tthe study.
theso passages were equated for difficulty by the Ilesch and
Lorge formulas. One passage of each palr was used as a pracs-
tice selection and the other as the test selection. 41l the
passages were 200 words in length, printed on two cards of
100 words each. 'he type-size and line-length were constant £
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and conformed to opbimum conditions.

The Opthalm=-O-CGraph was used to record each subject's
ave-movements during the reading of the second 100 words of
the test passage. Bach test selectlon was nreceded by a

of th

the practice passage before the eye-novement came

reading
era. After ocach practlce and test passage was read, a com=
prehension checlt test was given, consisting of five Yes-Ilo
questions. The questions were bhased on the main ideas in

aach selection.

2. Swaary of the Results

Tour measures woere used to analyvze the eye-movement
records for each subject: (1) rate of reading in ems per
minute, (2) number of fixations per em, (3) number of regrog-
sions per em, (4) nwiber of refixations per line. In addie-
tion, a comprehension score wasg compubted in terms of percent.
The problems studled dealt with the effect of familiarity of
material on reading performance, types of roading as a face-
tor in reading performance, the effect of training in a
epecial field on reading performance, individual difference
among the subjects, omnivorous readers, and rhythm reading.
The results may be summarized as follows:

, (1) A1l of the professor groups, plus the physics gradu-
ate-students, read the passage from their own special fleld
;istlcally réliable differ=

mest efficiently. However, sta

ences were found only in the case of the physics subjocts

!
:
i
i
{
i
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who road the physics passage sisnificantly faster than they
read the education or history passages, and who made signifi-
cantly fewer filxzations per em in reading the physics passage
than they did in reading the other two pdssages.

(2) "he sclence material used in the present study did

not induce a special type of reading. The physics passage

was not read slowly by all groups. Furthoermore, the eye=-
movenent records of the education subjects show that these
indlividuals read the physics and history passages in about
the same way, and the eye-movement records of the history
subjects reveal that this group did not read the physics
and education passages with significantly different eyo=-
novements. |

(3) The history material used in this investigation did
not eliclt a special type of rcading. The history passage
was not read rapidly by all groups. Also, the eye-movement

records of the physics subjects show that these subjects did

l_—'l

not read the history and education passages in a significantly
different manner.

(4¢) The training the physics subjects have had in tech-
nical areas evidently has not served to slow down thelr read-
ing in other fields. The eye~movements the physics subjects
and the educatlon subjects made on an unfamiliar selectlon,
the history passage, were not significantly different.

(5) Some evidence was found which seems to indicate that

the training of the history subjects may have operated to
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gpeed up reading. Although the history subjects did not
read an wnfamiliar passage, the physilcs passag
cantly faster than the educatlon subjects read the same wn=- 3

amlliar passape, the higbtory subjects did read the educa=-

k)

tlon passage gignificantly faster than the physics subjects
read this same passage. Iurthermore, the history subjects

ﬁs a whole made sirnificantly fewer fixations and refixations _ :
than the other {two grours.

(6) The intra-passage Individual variations wore vastly
preater than the inter-passage group variations, and tended
to over-ghadow any questions of types of réading and specilal ;
tralning. N

(7) To readers were Found who made single fixations per
line or paragraph. The average reading performance was about

300 words per minute and elght or nine fixatlions per line.

The fastest individual performance on any paragraph was 596

words per minute, which does not approach the performance
attributed to some individuals.

(8) Some evidence was found that fast readers tend to
repeat the pattern of theoilr eye-movements from line to line.

Some evidence was also found that fast readers are skillful

in the art of skimming, which results in arhythmical eye-
movements. Hofixations tended to be made habitually by sone ' T
individuals.

(9) The reading of the graduate-students was found to be é
comparable to that of the professors. In only one instance ;

was a significant difference found bebween the reading of -the
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two ranks and that favored the history graduate-students over

the history professors in the number of refixatlons made.

3. Conclusions ol the Investigation

FProm the speclfic findings of this study, I
concluslons nmay be drawn:

(1) Pamiliarity of material may be reparded as a factor
in reading performance.

(2) The idea that dirfferent types of malerial automatic-

ally elicit different types of reading 1s of doubtful valid-

(3) Training in a special academic field exerts little
influence on reading hablts, except as the extensive reading
which history requires may serve to promobte a rapid rate.

(4) The individual differonces which normally exist
among, a population like thet used in this study over-shadow
all of the other sources of variation stbudied.

: (5) Cases of individuals who are supposed to be able to
road in "gulps", "chunks", or "sections" may be put down as
masterful skirmmers.

(6) Swift readers %end to read in a rhythmical fashion,
except when they resort to skimming, and then their eye-move=-
ments become distinctly arhythmical.

All of these conclusions, of course, are subjeclt to the

conditions of the study.
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BASIC DATA TOR EDUCLTION GRADUATE STIMENTS
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BASTC DATA FOR HISTORY PROFESSORS
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fiducation Practice Passage

The problem of conscience falls within the province of ethics and
is concerned with the inquiry as to the origin and nature of the
principles which underlie right conduct. Tn the growth of language,
the general meaning of morals has been restricted so as to apply
solely to the specific sphere of commendable customs. A radical dis-
tinction between customs right and wrong has thus become crystal-
lized in language. The import of this is significant, for it indicates
a natural trend of thought which differentiates conduct as right and
wrong. The question naturally suggests itself, what is the ground for
this distinction?

A reason for this classification of conduct is naturally demanded,
and in the various attempts to render a satisfactory account of so
evident and universal a distinction, two tendencies of thought are
evident. The one would explain the recognized difference between

right and wrong conduct as an immediate deliverance of conscious- .

ness, that is, knowledge which is intuitively discerned. The opposed
school of thought would insist that such a distinction is obviously
the outcome of experience and the gradual growth of ethical con-
sciousness which is capable of discerning ever more clearly between
right and wrong, the good and evil.
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Education Tast Passage

Concerning the origin of knowledge. there are two views, indi-
cating opposite tendencies in thought, known as rationalism and em-
piricism. The former insists that the source of all knowledge is
primarily in the mind inasmuch as there are certain fundamental
principles of which the mind is immediately aware and which, there-
fore, modify and condition all experience. Such a view allows as
primal elements of knowledge the original data given through sense
perception. It only insists that such data are not the sole source
of knowledge, but that the mind also furnishes its own contributing
factors to the complete result.

The Empiricist holds that the mind is a tabula rasa, a surface
smooth and clean, impressionable to the various sensory stimulations
which write upon it the records of experience. The adherents of this
doctrine very stoutly maintain that the so-called innate ideas, when
subjected to the nearer scruitiny of a critical analysis, will be found
reducible to simpler elements which are manifestly the product of
experience. Our idea of causation, it is insisted, is not an intuitive
possession, but it has grown with our growth through repeated ob-
servations of nature which indicate an invariability and uniformity
which we unconsciously generalize into an all-embracing formula of
universal causation.
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Physics Practice Passage

Newton formulated three propositions which are known as New-
ton’s Laws of Motion and which are the axioms upon which the
science of dynamics is based. The first law is that every body con-
tinues in its state of rest or uniform motion in a straight line ex-
cept in so far as it is compelled to change that state by force impres-
sed upon it. This law merely states that a change of motion never
occurs except as the result of force, so that if a body is at rest it
will remain at rest unless some force acts upon it, or if it is in motion
it will remain in motion with uniform velocity unless some force acts
upon it.

Newton’s second law of motion states that the time of change in
the linear momentum of a body is proportional to the force acting
upon the body, and the change takes place in the direction of the
force. This law implies that a force will produce a change of momen-
tum proportional to itself and in its own direction whether the body
is at rest or in motion and whether or not other forces are acting
upon it. For example, if a bullet were shot horizontally over a body
of still water, it would strike the water at the same instant as if it
were dropped vertically.
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In recent years material progress has been made in analyzing the
phenomena connected with the acts of emission and absorption of
light and other forms of radiant energy. Evidence shows that the
emitters of light are atoms and molecules, that is, the energy alone
of atoms and molecules is transformed into light energy. Thus it is
not the filament of a lamp as a whole which gives out the light, but
rather the individual atoms which make up the filament. Similarly,
when light strikes the surface of objects and some of its energy is
transformed into heat, it is only the atoms and molecules composing

the bodies which act as agents for changing this energy into heat
energy.

These acts of atomic and molecular emission and absorption in
their many different aspects are not readily explained by the wave
theory of light, but rather are more easily understood in terms of
some kind of corpuscular theory. Since some of the phenomena of
the propagation of light cannot yet be explained by any corpuscu]ar
theory, there is created a situation in which the propagation of light
with its attending phenomena is accounted for by the wave theory,
and the acts of emission and absorption, together with similar phe-
nomena, by a corpuscular theory. The reconciliation of these oppos-
ing aspects of the theory of light is one of the major problems of
present science.
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History Practice Passapge

In its first stage the revolution in Russia extended only to the state
apparatus and the aristocracy, while in its second stage. which be-
gan with the insurrection of a groun of armv officers in December.
1825, the pivotal position was occunied bv the intelligentsia. a
product of the closer intellectual contact with western Eurone after
the Napoleonic Wars. By the latter half of the reign of Alexander
T. the vounger generation of the nohilitv and of the rising middle
class had begun to study the idealistic philosophy of Germany and
the writings of the early socialist thinkers of France.
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The development of the Russian intelligentsia was conditioned by .
its isolation from business and public life and by its psychological
make up. The members of this class, catholic in their interests and
svmpathies, cherished lofty ideals but remained entirely ignorant of
the prosaic aspects of existence in that they demanded all or noth-
ing, scorned gradual, concrete-achievement, and were prone to fatal-
istic despair, The movement of the intelligentsia resembled nothing
so much as a permanent discussion club, where ecstatic speeches
about the magnificent future offered an escape from harsh reality.
An outstanding manifestation of this utopianism was the unwar-
ranted idealization of the masses, especially the peasants. ’




History Test Paszsage

Throughout the nineteenth century the rootless idealism of the in-
telligentsia was challenged only by the nihilists of the 1860’s who
professed extreme utilitarianism and submitted all matters to the
acid test of reason. But the nihilist predisposition to a sober view
of reality was soon overwhelmed by the longing of the intelligentsia
to end its isolation and to bridge the gull which separated it from
the masses. The movement known as “going to the people” was
particularly strong in the 1870’s, however it failed to attain any con-
crete results largely because of the distrust and inertia of the masses.

In their desperation many of the intelligentsia then turned to
terrorism, typically a weapon of the seli-sacrificing idealistic individ-
ual. This form of struggle was of slight practical value, however,
for the terrorist organizations were undermined by harsh govern-
mental repression and by the corruption inherent in large scale con-
spiratorial operations. Whether committed to terrorist action or
choosing the slower processes of underground propaganda and edu-
cation, the Rissian intelligentsia persisted in idealizing the peasantry
and its communal form of agrarian organization. The latter was
viewed as the survival of an early agrarian communism, a bulwark
against the infiltration of western capitalism, and a basis for the
future socialist organization of the land.
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LWPPETDIX C

COMPREHENSION TESTS FOR PRACTICE
AND TEST PASSAGES

Answer each question by underlining YES 1f the

statement 1s true according to the passage, or by underlining
NO 1f the statement is false according to the passage. These
directions will apply to all passages read.

YES

YES

YES

NO

NO

NO

NO

NO

NO

NO
NO

NC

NO

NO

NO

1.

1.

2.
Se

4.

PRACTICE PHYSICS PASSACE

This passage explalins two of Newton's ILaws of
Motion.

The sclence of dynamics 1s based on Newton's Laws
of Motion.

Neglecting extraneous forces a body moving at a
uniform velocity travels in a straight line.

A body in motlon will be restored to a state of
rest of 1ts own accord.

A force has more effect upon a body already in
motion than one at rest. .
TEST PHYSICS PASSAGE

This passage relates to the emlssion and absorp-
tion of radiant energy. .

The fllament of a lamp as a whole gives out light.

Atoms and moleculss are the agents for turning
light into heat energy.

The corpuscular theory accounts for the propaga=-
tlon of 1light.

Modern science has reconciled the corpuscular
and wave theoriles of light.
PRACTICE HISTORY PASSAGE

Thls passage describes three stages of the Russian
Revolution.

The soclal sclentists of western Europe exerted an
influence upon the younger generation of Russlans.




YES
YES

YES

YES
YES

YES

YES

YES

YES
YES

NO

NO

NO

NO

NO

NO

NO

NO

NO
NO
NO
NO

NO

No

NO
NO

Se

5.

1.

2,

S

1.
2,
Se
4.

S.

1.

2,

14%7
T?edintelligentsia were of a realistic turn of
mind.

The Intelligentsla were composed of a frustrated
clique of individuals.

It may be inferred that the intelligentsla were
an ineffective group of individuals.
TEST HISTORY PASSACE

Thls passage describes the appearance of the
nihlilist movement in Russla.

The intelligentsia usurped the power of the
nihllists in 1860.

Thg nlhillsts were extremely utilitarian in view-
polint.,

The Intelligentsia resorted to terrorism to control
the masses.

The intelligentsia ldealized those who lived off
the soll.

PRACTICE EDUCATION PASSAGE
This passage dlscusses the development of conduct.
Morallty is synonymous with correct behavior.
Ideas of right and wrong exist apart from language.

According to one view, people nabturally know the
difference betwsen right and wrong.

According to the other view, ideas of right and
wrong are the outcome of a conversion experience.
TEST EDUCATION PASSAGE

The central idea of this passage 1s that experience
molds the mind.

The Ratlonalist denles the existence of innate ideas.

The Emplricist aceepts both innate 1deas and exper-
lence.
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YES NO 4. Empificism is free of intuitive reasoning.

YES NO 5. It may be inferred that the author is a Rational-
iste.
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