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iy THE RELATIONSHIFS BETWEEN REACER EFFICIENCY IN
. PROCESSING SENTENCES AND DIFFERENCES IN THE CEEF STRUCTURE OF
3 THE STIMULUS SENTENCES WERE STUDIEC. THE EFFICIENCY OF :
4 PROCESSING, AS MEASURED BY THE SUBJECTS' EYE-VOICE SFAN, E- .
- VARIED WITH CHANGES IN THE DEEP STRUCTURE. COMFARISONS WERE =
MADE BETWEEN READER FROCESSING OF PAIRS OF SENTENCES IN WHICH
3 THE SURFACE STRUCTURE WAS THE SAME, BUT IN WHICH THE DEEP
: STRUCTURE WAS DIFFERENT. THE EYE-VOICE SFAN MEASURE VALIDLY
-4 CISCRIMINATED BETWEEN SENTENCES WITH THE SAME SURFACE
3 STRUCTURE BUT WITH DIFFERING DEEF STRUCTURE. THE RESULTS WERE
) INTERPRETED TO SUGGEST VERY TENTATIVELY THAT THE EFFICIENCY .
3 OF READING PROCESSING IS (1) A FUNCTION OF THE *CONGRUENCE" b
3 OR “CONSTRAINTS* BETWEEN THE SURFACE STRUCTURE ANC THE DEEP =
STRUCTURE OF SENTENCES, AND ALSO (2) A FUNCTION OF THE NUMBER
OF STRUCTURAL "CATEGORIES" REQUIREC IN THE CEEF STRUCTURE.
(AUTHOR/MC)
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#i. 7he Eye—Voice Span
Reeding Efficiency and Syntactic Predictahility'l/
Stanley "'enst and Harry Levin

Cornell University

ABSTRACT

This experiment atudies the relationships betveen reader

efficieney in processing seniences and differences in the deep

structure of the stirulus sentences. The efficiency of processing,

as measured by Ss! Zye-Voice Span, vas found to vary with chenges

in the deep structure. Coxparisons were made between reader

processing of pairs of gsentences in vhick the surface structure

was the same, but in which the deep structure ves different. The

Bye-Voice Span meeasure ves found to velidly ciscriminate between.

gsentences with the same surface structure but wita differding

deep structure. The results were interpreted to very tentatively

suggest that the efficiency of reading processing is (1) a function

of the ‘'congruence! or tconstraints! between the surface structure

and the deep structure of the sentence, and also (2) a function of

the number of structural tcategories! required in the deep st
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This experiment studies the relationships between efficiency
in reading and differences in the deep structure of the stimmlus
sentences. Thus, the experiment seeks to determine if differences
et the deep structvure ievel of semtemces wi he same surface phrase
gtructure will effect the reader's processing behaviors —— that ig,

(1) "Is sensitivity to deep structure reflected in reading processing?"
Further, the experiment seeks to determirne vhat effect the contrasting -
deep structures assigned to sentences which are superficially similar.
will have on reading efficiency — that is, {2) "Given e sentence.

with a specified deep structure, vhat can be predicted about the
relative efficiency with vhich it can be processed?"

The distinction made here between 'deep structure! (DS) and
tgurface structure! (SS) is thet expressed by transformetional grammnrqg/
Transformationalisis maintain that (1) the languege user is intuitively
avare of differences between DS and SS3 and further; that (2) sentences
can only ke understood through a reconstruction of the sentence's
tgtructural desecription!, including its DS.g/ This study tests the
suitability of the thecretical distinction between DS and SS in
explaining the efficiency of jinformation input and processing im .
reading.

Recently, there have been contradictory research findings about
the language user's sensitivity to DS. Iiehler (".hat We Look at “hen
we Read"; 1966) found in observing Ss' eye-fizations for ambiguous
sentences: "The structure vhich differed only at the deep phrase
2/ See, for exmemple Jerrold J, Xatu's !bg_Bgilgggggz;gg_gg%gggg% (1966),

and I‘.Ioam.Chomsky's W@M‘*Qﬁl 1964) and
"Popics in the Theory of Generative Gramwar" {1966).

3/ See, for example, George Ao liller and Chonsky's "Finitary lodels of
lLanguage Users" (1963); and Chonsky's Lenects of the Theory of

Syntax, (1965).
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structure did not show such differences (in eye—fixation patterns
- as did the surface structure differences.)" Nowever, Blumenthal
("Prompted Recall of Sentences"; 1966) and Blumenthal end Boakes

("Supplementary Report: Promgpted Recall of Sentences"; 1867)
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indicate that "Recall ¢ifferences correspond to the nature of the .
underlying grammatical relations."

In this study, the language-user's processing of linguistic
naterial vas measured by the Eye-Voice Spen (zvS). In oral readiné,
the EVS is the distence, usually measured in words, that the feye' is
ahead of the voice, The IVS was selected as the index for processing

gince receat work indicetes that it is sensitive to gramatical

conatreints within the sentence. Schlesinger ("Sentence Struoture

-~

and the Reading Process"; 1966) states thet the EVS "represents a

unit of decoding.," Further, Levin and Turner ("Sentence Structure
and Lhe Eye-Voice Spen"; 1966) have found that subjects tend to read
in phrase units. Thus, they have showm the IVS to be sensitive to
phrese structure. Also, levin and Xaplan ("The Iye-Voice Span for
Letive and Passive Sentences"; 1966) found the IVS 1o vary in
accordence with intresentence constreints —— They found that the EVS

L was related to sentence voice (passive versus active).

1ETEHOD

l; Subjects Thirty Cornell University freshoen and sophocores, 15 males

end 15 females, served as subjects.
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Experimental Sentences Two kinds of passive sentence comstructions

were selected for this study. (See the Appendix for a 1ist of the
test sentences.) In the first type, the 'agent' or 'actor' was
1ncluded.whilg in the second, the agent was deleted. The sentences
were paired so that the surface structure and lexical items were
identical for both types of sentences, except that in one case the
agent appeared, but in the éfher, the agent was deleted and replaced
by a non-agentive form. For example:

(A) His brother was beaten up by the gang.

(B) His brother was beaten up by the park.

Both sentences A and B have the same surface structure:

His brother vas E;axen up be the g:?ﬁ,
- 1L 4L -

The actuel test sentences are longer than these, having approximately
18 words, with about 8 words after the light-out position, to take
into account Ss vhose EVS might tend to be relatively large.
Both 4L and B contain the same lexical items except for one
item, ilowever, the substitution of "park" for “gang" in this case
reflects a change in the DS of the sentence, In A, "gang" is the
agents In both 4 and B; "his brother" is the object of the verb
"beat up", and someone or something else performed the action, Thng,
AL can be paraphrased es '"The gang beat up his brother."” Sentence B,
on the other han&; cannot be paraphrased as "The park beat up his
brother," since "park" is not the agent, but serves to indicate where

the beating toolk place. /in appropriete peraphrase would be: "iis
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brother wes heate:iq}up; zear the park." In order for one to understand

these two sentences, one rust know that "his brother" is the under—

1ying object and that something else is the agent or actor. In the
firast case, "the geng" 18 ¥ In the second cage. one mst
krow that "the park" is not the ageat, and that the action of beating
was performed by some agent not specified in that sentence.

It w7as hypothesized thal sentences of type A would be easier

to process than sentences of type B since the IS in 4 was !simpler!?

than in B. The D3 for both A and 3 contain some of the same elements: L

SENTENCE -

NOUM PHRASZ VERB PHRASE PASSIVE

VERB NOUN PHRASET e
‘ (OBJECT) el
veat up his brother <

The DS in A is simpler for two reasons. First, the NOUN PHRASE —

the AGENT NOUN PERLSE —— is 'realized! in the surface structure as
n¢he gang". Secondly, sentence type B requires an additional
tcategory slot! in the DS vhich is not required by type A. The

description for the IS level for sentence type B would be like the

follovings

/ \\\\\\
NGUN PHRAST VERB PHRASE ABVERB PLSSIVE
{£GENT)
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The ADVERB category slot must be realized in the DS because of the.
SS phrase "by the park". Type B is more difficult to process

Lnomosama S ad
VG LHUOT 412 GW
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(the AGENT) even though it is nct realized at the surface level, it
requires a slot for the adverbial phrase vhich vas aubstgtuted.

Since both kinds of sentences have the seme surface structure,
differences in the vay in vhich they are processed cen be attributed
to differences in the deep structure, Further, since both kinds gaf?
of sentences were of the pessive type, requiring the !surface subject? n
to be understood as the 'underlying object! of some action performed
by the (specified or unspecified) underlying subject, it was.
hypothesized that the differences in processing would reflect the

additional structuwe required at tlie underlying level ir type D

sentences s

Procedure To test the hypothesis that the efficiency of reading.

processing is related to the deep structure of the sentence, the

IVS was used as & measure of language processing in readinge. There -\

were eight pairs of test sentences. In each pair, both sentences.

had the same structural description and the same lexical iteums,

except for one item, Both sentences of each pair were imbedded gﬁ;;

in an identical context of five other sentences, The ssutences in

these !'paragrephs! were unconnected so that S's reading of the

test sentsnces would not ke affected by intersentential cues. e}f{;
The test sentences were imbedded within !'paragraphs! so that j’-%i

even though S Imew the light would be turned out vhile he was

. ooy \
»
;
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reading the sentences in each 'paragraph', he did not know vhich
sentence in the 'paragraph! would he treated as the !critical
sentence's Also, even though every senience position was treated
as the critical position, none of the teat sentences occurred in the
first position (sentence position 1), so that S was able to read
at least one sentence through completely before reaching a test
sentence. In addition, no test sentcnce occurred in the last
position (sentence position 6), so that the experimental results
would not be effected by S's ebility to predict that the light would . | ;:
be extinguished during his reading of the finel sentence in the
'paragraph!.,

In order to minimize memory interference and response set, -
the sentences were divided into two groups, with each group contain—.

ing the other members of each of the eight pairs:

Set #1 Set #2
(given at Tiwe 1) (given at Time 2)

A1 Bl
B2 iL 2
L3 B3
B4 44
AD Bb5
B6 A6 ;
AT B 7 ]
B8 A8

Each subject read all sixteen test sentences, eight at each of two

sessions, spaced one week apart. In the first session, S read one .

member of each peir and in the second session, the other member.
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In both sessions, Ss vere presented with the eight paragraphs
‘containing the critical sentences along with sizty-eight other
- paragraphs used as fillers bhetveen the test items. In both sessions
jdentical filler paragraphs were used, and the of&er of presentation
of all 76 (8 test and 68 filler) paregraphs was the same.

The paragraphs were typed siagle spaced on 9" x 5" cerds -
ao that Ss could read thenm as they would a regular 9" wide typed
page. The cards were viewed one at a time by S. The vieving
apperatus comsisted of & wooden box approximately 24" x 18" x 12"
with & one-way mirror through which S read the paragraphs. The:
cards were visible to 3 only vhen the light within the apparatus
was on. The light <ras controlled by the experimenter vho would
extinguish the light and thus obscure the stimulus sentence vhen
S reached the predeternined position for each paragraplhe

S was instructed to begin reading each paragraph irmediately
vhen the light went one IHe was told to read aloud at his normal
rate, the rate at vhich he would read a story aloud to soueone.
e was told tht;t vithin each paragraph, the light vould be turned
out so that he would no longer ke able to see the text, and thaet
he was to report all the words thet he had seen but had not yet
nad a chence to read aloud., The light was turned out approximately
an equal number of times in each of the six sentence positions,
end within the sentences; the light was turned out at the beginning,
niddle, and ends The light—out position was varied to mininize
Ss! response set. 0f the eight pairs of critical sentences, two

each appesred in sertence positiocns #2, #3, #4, and #5.

R I
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In four of the pairs of test sentences, the light vas
turned out irmediately before the critical word reflecting a
change in the underlying structure, end in the other four paire,
the light was turned out three words prior to the critical vord.
Two light~out positions we;e used because previcus work by Levidé/
nas showm that there is a significant interaction ketwveen light—
out position, sentence structure, and reading wrocessing es neasured
by the EVS. The light—out position inpecdiiately prior to the word
reflecting o change in the DS (eege, "gang" versus "park") was
chosen since it was thought thet the difference in reader response
as weasured by the IVS would be greatest at the point where the
SS aignelled the chenge in the DS. The light—out position three
words prior to the critical word vas used to determine how the
reader's processing would differ at a point where the EVS would

have picked up the 5S cue, but prior to the point at vhich his

oral reading had taken him to the critical vorxrd.

Scoring S had to recall & vord perfestly in order for it to be
included in his ZVS score for e sentence. Thus, if a singular
noun were changed to the plural forn; or if a verb tense were
changed, S's response ves not counted. Also, no more than two
words skipped could intervene between vords actually recalled by
3. This scoring procedure vas used to mininize any distortion of
the data resulting from the possibility that some S night skin to

the end of & sentence without 'processing' the middle, Since

4/ Levian and Turner, "Sentemee Juwnciure end. the Iye-Voice lpan",
1666; and levin and Xeplen, "The Iye~Voice Spaz for Letive
and Passive Sexte=ces', 1863,




anat and Levin =10~

these procedures required perfect recall of items in the SS end
adherence to sequencing at the SS level, the scoring tended to
faver surface structure over deep atructure. For exauple, the
ordering of structural slements would not necessarily be the same
at the DS icvel as it is at the SS levely hence; scoring procedures
which require S's recall to generally follow word order at the SS
level are biased ageinst DS. Also, requiring perfect recall of
words, and consequently scoring as incorrect any changes in
nupber (singular - plural) reflcots a bias in favor of SS, for the
thucber transformationt! takes place at e low level within the
structural description, proxizate to the 8S level, It is not
something vhich is of high priority in the sentencel!s DS, since

it is an obligetory mechamnical process.

RESULTS

There were sixteen scores for each of the thirty Ss. The
scores were averaged for each S so that there was & Dean EVS score
for type A sentences; and o mean EVS scere for type 3B sentences.
The scores vere further broken dowm for the two light—out
positions. In all cases what was veing compared vas S's EVS
score for tvo sentences; one of tjpe L, and one of type B, both
with exactly the same surface structure, but trith differing under-
lying ctructure. £11 the lexical items were icentical except that

in type A sentences the object of the preposition "by" ves the -

agent (underlying subject), vhile in tjype B sentences the object
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of the proposition "by" was a non-egentive noun telling where

or vhen, not by whom, the action was performed.

“Ten the light was turned out immediately prior to the

&

critical word, the mean EVS score (30 Ss, 4 peirs of senisndss
apiece) for the egent-included (type 4) sentences wes 5.81 words,
vhile for the agent~ieleted (type B) sentences it was-5.21 words.
The difference betweer the means, 0.60 words; is significant at
the 002 level {(2~tailed test) and compares closely with the
results of a previous pilot study.-s-/

’f “hen the light-out position was three words prior vo the
critical word; the meen VS scores {30 Ss, 4 peirs of sentences
apiece) were in the same direction as above {5.18 words for
agent-included sentences versus 4.94 werds for agent-deleted }f:
sentences). &s expected, the differerce betveen the means was

" greeter at the point where the 83 signalled the cifference at in;~
the DS level, i

}

‘:

o DISCUSSION

7; The experiuent indicates that reader efficiency is related
to the deep sitructure of e sentence. Jince the sentences tested
had the same 55, but differing DS, the difference between the
zeans supports the hypothesis thet the efficiency of language

) E: processing in reeding is not solely dependent upon 5S, but is QA'
\3 related to DS. The ZVS measure wes found to ke sensitive to

differences at the I3 level.

5/ The pilot study was run under essentially the saeme conditions
with 10 Cornmell greduate students as Ss and with the same or
sipmilar sti-ulus sentences {6 pairs of sentences apiece),

< The difference between the means for type L end type B sentences
3 vas 0.65 words.

i .
EMC T e szt S 1m0 S bl a4 B T O Al .
e e .
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In explaining the difference between the efficiency with vhich
these twvo sentence~-types were processed, one might argue that the
jndividual lexical items appearing in the agent—included sentences
were easier (o process than the corresponding items in the agent-
deleted sentences. This, however, seems unlikely, since both sets
of words are quite common (See Appendix for a listing of these words) .
The explanation that objects of the prepositional phrases ("by the
_____P) of the sentences with the greater ZVS appear more frequently
in that context, and thet such phreses are hence a more ‘netural!
part of the reader's linguistic repertory than the non~-agentive phrases
seems similarly unlikely. The grounds for saying that the phrase
"hy the gang" is more 'frequent! end consequently more easily pro-
cessed than the phrase "by the park" must contend with the counter-
argunent that the frequency of occurrence of eny particular phrase ——
or sentence, when cocpared to the indefinite nunber of poasible
phrases or sentences, is negligible.

'Naturalnesst, however, does appear to be a factor in the
way these tvo atructural types are processed, “hen the reader en-
counvers a paessive constriuction, some surface structure manifestation
of the AGENT category is 'expected'. ‘/hen the reader recognizes the
verb form as marking the sentence to be a tpassive!, the ALGENT
construction is somehov more 'predictable! or naturalt. There is
a strong correlation between judgments of 'aaturalness! and size of

EVS with respect to these agent-included versus agent-deleted sentence

peirs 0'6J

%/ 1In e related experirent, 76 Ss were presented with a list of 23
gsetos of sentences, including 3 agent—included sentences paired with
8 agent—deloted sentences. They were asked to "Decide vhich sounds
better or more natural to you." The agent~included type was judged

pore natural twice as often as its agent-deleted counterpart.
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One might explain both findings (grester efficiency of
processing and higher rating on naturalness) in terms of 'predict—
ebility of occurremce's However, the tpredictability of occurrence!
would not refer to the frequency of particular lexical items or of
particular combinations of lexical items., Rather, ipredictability
of occurrence' would refer to the co—occurrence of particular items
as they are defined at the DS level. Thus, in terms of these tvo
structural types, vhat the passive construction makes !predictable!
is a surface structure realization of the DS AGENT category. A
noun phrase such as "the gang" can be the NP inmediately dominated
by the S constituent vhen the verb "beat up" is given —— that is,
"ghe gang" and "beat up (+ OBJECT)" cen co-occur as NP and VP of S.
This is not the case with "the park" vhen the verb "beat up {+ OBJECT)"
is given as the VP of S.

Predictability would seem to apply to the occurrence of items
as they are functionally defined at the DS level; within the coatext
of the selectional restrictions, or constraints, specified by the
SS realizations of the DS categsry slots. As the reader begins to
pick up syntactic cues vhen he starts processing & sentence, what he
has just encountered makes what is about to follow more predictable.
(That is, if he has just 'read! the word "the", he would, on the
basis of his previous linguistic experience, expect it to be followed
by a noun such as "man", rether than by a verb such as "went".)

This predictability is o function of the syntactic constraints hold-
ing between the lexical items in the sentence. For exsmple, the

symtactic cues tuat the reader could pick up as he begins processing

T T e, LB s s SIS 1 3 o S OOT s 1 IR R, AHEAIENLT e b e e S e
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"Hig brother vaes beaten up by the ..." might include the followings
1) ‘"was beaten up" signals the passive construction

2)  "his brother", since it is the NP preceding the verb
in & passive construction, is the 0BJECT of the verb

3) some AGENT, as yet unspecified — i.e., not yet realized
in the surface structure — "beat up his brother"

4) the syntactic features determining the verb "beat up"
restrict the class of NPs which can co-occur as LGIZNT

t0 those which have corresponding features ~— €.g.,
(+ ATIATE)

5) the presence of "by" here indicates thet the NP func-
tioning as AGENT is likely to follow, Thet is, the
reader's previous experience with the preposition "oy"
occurring after the verb in a passive construction
indicates that the LGENT is likely %o ke realized as
the NP of "by"

Since all eight pairs of test sentences differed in the same
respect (agent—inclusion versus agent—deletion), the experiment is
tentatively interpreted to suggest that vhere categories gpecified
in the DS are reeiized in the SS, reading processing is more efficient.
That is, the reader is better able to process sentences in vhich
there is a higher degree of 'syntactic congruence' or *syntactic
constraints! between the DS end SS levels., O0f the two sentences
discussed previously, 4 — "His brother was beaten up by the gang" —

is more congruent to the DS

LGENT + VERB + O0BJECT

since there is & closer correspondence between slots realized in

the DS and in the SS levels:

- R e A T R IV R T
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AGZNT + VRS + 0BJECT

Sentence B requires substantially the same DS description:

AGEIT + VERB + OBJECT (+ ADVERB)

A\ D AN aN

beat up his brother by the park

except that the congruence between the two levels is not as great as
with A, since the underlying subject (the agent) is not reaiized in
the SS. This congrueace cen ke spoken of in terms of the syntactic
constraints at the two levels of structure.
Thus, the syntactic features of the AGENT category, at the

DS level, are realized at the SS level in "the gang", which has the
same syntactic features. Hence, the co-occurrence of these features
at the twvo levels establishes the syntactic constraints or congruence

between these two elements. This congruence can be partially ex-
plained by the fact that "gang" is marked for the feature (+ ANIMATE),
while "park" is marked for the feature (— ANLNATE). Comsequently,

"park" cannot be a realization of the AGENT category in this case.
T- Bboth sentences, the reletion of VP to S (that is, of VERS +
OBJECT to SENTENCE) is the same as "beat up his brother" is to S,

Also, the relation of NP (that is, of AGENT) to S, in sentence A,

is the same as "the gang" to S. DBut this relation doesn't hold in 3.
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This ia so because the synteotic features apocified by the
(ﬁP 3 é} are realized by "the gang" in A, but not by "“the park"
in B.

The experivent is also very tentatively interpreted vo
suggest that efficiency in reading processing decreases with the
amount of structure that rmst be realized in the DS to accoumodate
the 5S. Sentence B above, like all tae egent-deletion test
sentences, requires another slot at the DS level in addition to
those required by the agent—inclusion test sentences. The degree
to vhich the amount of DS - SS congruence facilitates reading
processing, or the extent to which extra category slotis at the DS
level hinder reader efficiency cannot be ¢:termined from this
experiment. Hovever, this study shovs that deep structure does
effect processing of linguistic material by readers, FPossible
explanations for this phenomenon, including the effects of
additional structure at tie DS level and the effects of DS — SS

congruence, will ke tcsted in subsequent experiments.
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