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The original proposal described the "probe=latency
technigue" which in its simplest form refers to the following:
The subject is presented, audlitorily, with a linguistic input,
Immediately after presentation, one of the words in the input
is repeated as a stimulus to which the subject is instructed

to respond as fast as possible with the'word vhich followed

the input. For example, the subject may hear: "The big bear
climbs tall trees--~BEAR." The word "bear" 1s repeated as a
gtimulus to which the subject 1s to respOnd-with "elimbs" as
fast as he can. The response latency, ohset to onset, is
measured with sn oscillograph recording made from a tape
recording of the input and the respons<, It is assumed that
this response latency is a direct function of the relationshlp
between the two words. This assumption has been tested against

syntactic structure criteria with favorable results for both

children and adults (Suci, Ammon and Gamlin, 1967). It was
found that the latency by probe position curve was in th2
shape of an inverted V with the apex at the phrase boundary.

In this report the terms "structure" and "probe structure"
will refer to the probe~latency curve unless otherwise specified.
The objective of the proposed research was primarily to relate
probe-structrue to two other variables. These were sﬁort-term
memory capacity and meaningfulness of the stimulus material.

Work wlth short-term memory was temporarily delayed
because of procedural difficultles, Instead the research

began with an attempt to find a technigue for assessing semantic




processing and to relate semantic factors to syntactic structure.

As a follow-up to this research memory factors were studied ih

later studles and in a Ph.D. thesls by Peter Gamlln,

STUDY NO., 1#

The purpose of this study was to investigate varlations
in probe~-structure as a function of a set of semantlc fectors
and as & function of one non-semantic factor. Previously,
research with semantic factors had_been'done only with adults;

in this study fourth grade children were used. In cummary it

. was found:

(1) The semantic factors falled to alter probe-latenéy
structure; therefore, the earlier finding (Suci, et al, 1957)
that syntactic and semantic factors are independent with adults
may be gemeralized to a different subject population and to
another measure of semantic processing. Although by tane fourith
grade syntax appears as a very powerful organizing factor 1n.
lenguage processing, the ability to compnrehernd language may
be independent of this organlizing factor. The results of this
study seem to support the hypothesis %hat although syntactic
organization may be a necessary conditlon, it 1s not sufficlent
for successful semantic processing. |

(2) Although semantic factors seemingly do not affect

probe~-latency structure, a non-semantic feature, a pause, does,

When & brief pause is inserted at the phrase boundary of a slmple

input sentence it separates phrase units (probe latencles at

3
A report of this study has been submitted for publication
and a copy of the complete report is attached.




the phrase boundary become longer), but tightens word units
within phrases (latencies between words wlthin phrases become
shorter).

(3) As a possivle netiod for assessing semantlic processing:
the "question technique" was developed. To test the vallidity
of this technique as an assessment of semantic processing
latencies of responses to questlons were related to the meahihgfulness
of the stimulus material and to the comprehension level of the
subject. Comprehension level was indexed by a standard test.
. It was expected that anomalous inputs would produce ionger
" latencies than meaninglul inputs. Thls expectation was borne oﬁt.
It was also expeetedAthat a low-comprehe#sibn group of subjects
(es assessed by the test) wculd show longer latenclies than a
high group regardless- of the meaningfulness of the stimulus

input. This expectation was not borne out in an unqualified

manner. The high~comprehension group did better with the
meaningful material but did less well than the low comprehension
group with anomalous materlal.

(4) Both the high and the low comprehension groups show
greater structure with pause in the input, but the assoclated
change in semantic processing, as measured by the question
technique, differs for the two groups. The low group improves
its performance with meaningful input and the high‘group improves
in its performance with the anomalous 1input.

(5) The pattam of differences between the latencles of
the responses to the three questions was considered. The
- sentence used in this'study is represented by the example:

The sl& hunter followed the black bear. One questlon concerned

the first adjective-noun relation (e.g., Was the hunter sly?);




sanother aimed at the second adjective-noun relation (e.g., Was
the bear black?); and a third was concerned with the subject;
predicate relation (e.g., Did the hunter follow the bear? ).

For both high and low comprehension groups and with both
meaningful and anomalous inputs the shdrtest latencles were
produced by the +third question (subjeot~predicate), ithe longest
latencies were produced by the second question (second adjective-
noun), and the first question (first adiective-noun) produced

latencies between the other two. ,

STUDY NO. 2 .

No evidence was found in the first étudy that differences
in semantic factors in individuals or 1n.the stimulus ltems
affected the structuring of the inputs., In this study a
variation in syntactic structure is introduced in the stimulus
material as an independent variable, semantic content 1s held
constant and the dependent varilable 1s the response latency
to the type of questions used in the first study. The questlion
asked is whether a syntactic factor, independently of semantlc
content, has impact on semantic processing.

More specifically the aim of this study is to learn if
response latencies to a particular question could be affected
by a syntactic change relevant to the question, and 1f this .
syntactic change would have an impact c¢n response latencies
to the other two questions. The syntactic construction used
in the first study was modifled by inserting an adjective clause
as a substitute for the first adjective, e.g., "The hunter Who
is sly followed the black bears."-in place of "The sly hunter

followed the black bears.," Presumably these are semantically




equivalent but synteactically different. The aim of the studx
i1s to learn if the response latencles to the questlion about
the first adjective~noun relation wlll be especially modified
by thils change and if the other two response latencles will
also shovw a change.
Method
About four months after the first study, the same fourth-
grade subjects were presented with the modified sentence. Only
meaningful sentences were used, Both the probe task and the
' question task were presented in one session, counterbalanced
for order. In the probe task each of the six possible probe
positions was probed six times and each question was presented
eight times. The stimulus items were presented in two sets
of 18 in the probe task and in two sets of 24 in the question
task. A 5rief rest was glven between sets. Each task was
introduced with six practice items. The rest of the procedqre
vas exactly as in the first study.
| ~Resuilts

Probe Anslysis. The results of an analysis of varlance

are given in Tgble 1.* The shapes of the probve 1atency curves
corresponded to phrase structure; that is, the curve was

Peaked ét two positions: ©between the first noun and the
modifying clause, and between the noun phrase and the verd
phrase. The main effect of probe position vas slgniflcant
(p<.001). ©Probve position did not interact with comprehension <
level to a statlistlically significant extent, but as can be

seen in Pigure 1 the shape of the curve for the low comprehension

¥

A1l tables and figures are given in the Appendix.




subjects deviated from the phrase structure pattern described
above., For the low comprehension group, the first peak was
between the noun and verdb phrases, as before.

Question Analysis: An analysis of variance, given in Table 2,

of syntactic type (simple or clause), questions (the three used
in the first study) and comprehension level (low and high, as
in the first study) was done. The relaticnwhips obtained
among these variables are illustrated in Flgures 2 and 3. The
difference between questions was significant (p(.OOl) and, as
~ before, the first noun-adjective question responses were slower
than the second noun—adjective question responses. The questibn
regarding the subjedt-verb-object again produced the fastest
responses. The lrtencies to the two synfactic types diffeied
significantly (p£.001). The simple type produced slower
responses than the type with the modifying clause. The difference
between comprehension groups in latency ﬁas not significant
although the low group'was slower. The interactions between
syntactic type and questlons, between syntactic type and
comprehension level, and between questions and compreheﬁsion
level were not significant. The interactlions with syntactic
type were in the following directions: the responses to the
questions about the noun-adjective relation were speeded up
more than responses to the subjJect-verb-object relation by
switching from the simple to the modif.ed sentence, and the
‘low comprehension group galned the most in response speed from
the same switch.
Discussion

Varying syntactic structure épparently does have an lmpact

on semantic processing, at least to the extent that this kind

of proéessing is assessed by the question technique. The effect




of inserting a modifylng clause in place of an adjective-noun
sequence 1s to facilitate responses to questions regarding any
rart of the sentence, Such facllitation 1s not & function of
the comprehension level of the subject to a statistically
sigr.ficant degree, although the dlrection of change was such
that the low group profited most by the new structure., The |
facilitation is also not a differential function of tiie question
being asked to a statistlcally significant degree, although the
direction of the change was such that the responses to the

ad Jectlive-noun questions were speeded up more by the new
structure than responses to the other question.

It is apparent that the probe;latency technique continues
to reliably reflect structural differences, and that as yet no
sigﬁificant impact of semantic factors on how input 1is structured
has been found. In this study, the semantic factor was the
comprehension level of the subjects and although the probe-

structure curves for the two groups varied, no significant

interaction between comprehension level:and probe structure was
found. It should be emphasized, however, that no other study
has shown as large a difference in pfobewstructure curve as

was found in this study. In all studies using response
latencies with children, the individual differences have been
very large. Sach lack of homogenelty perhaps masks a small,
‘but real difference in this study. The results, however, must
be considered as supporting the notion that syntactlc structuring
may be independent of semantic processing.

However, the reverse, that semantic processing 1s affected
by syntactic structure is also supported in this study. The

guestions were answered faster: presumably the semantlc processes
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were facilitated by a structural change, The exbected result,
however, that the clause Insertion would affect latencies |
particularly to the question relevant to the clause, did not

materialize; rather special facilitation for both adjective-

noun relations were indicated. The resﬁlts in this direction
were Jjust short of significance (obtained F=2.93; required F,
at p{, 05 =3.15). Again, the large individual differences may

have masked a real difference.

- STUDY NO. 5

This was a pllot study. primarily aimed at testing the
question procedure and some of the substantive results of the
other two studies with adults., Would thé latencies of responses
to the three types of questions follow the same pattern as with
children? Are responses to questions facilitated by the
insertion of the clause, and do meaningful sentences produce.
faster question responses than anomalous questions?

Method

Eight female college students were subjects. A subject
was given eight conditions in one sesslon. The conditions were
all combinations of meaningfulness (anomalous or meaningful)
and syntactic-type (simple adjectlive or adjective clause) for
both probe task and questlon task., The same stimulus material
used with children was used here. A sibject recelved elther
all of the probe conditions first or all of the questlion
conditions first. The probe and question sets of conditions
were balanced for order of presentation across subjects. All

other tonditions were balanced within these sets for order of

presentation, All other procedures were the same as with'children.




Results and Discusslon

An analysis of varlance showed that the probe-position
effect did not materialize for the simple sentencc (Table 3)
but did for the sentence which contained a clause (Table 4),
Although the probe curves for the simple sentence were shaped
ag expected (an inverted V with the apex at the phrase boundary),
the obtained variations in latencies were not significant.

The probe structure curves are shown in‘Figures 4 gnd 5. This
finding corresponds tc previous results with adults. (See Suci,
et al, 1967). Adults impose minimal structure on a short,
simple sentence. This implies that the simple sentence can

be "nandled" as one complete unit by aduits, whereas children
must break the same input into smaller units,

The probe curves did not vary as a function of the meaning-
fulness of the input; i.e., again, semantic and syntactlc
factors remained independent. Statisticélly, the response
latencies to questions were a function*neither of syntactic
type nor of the meaningfulness of the input, although the
latter finding was in the same direction as in Study No. 2,
with children (Table 5). Thls seriously limited the general
validity of the questlion technique and led to a replication
gstudy with adults using more subjecis,

Further motivation for repeating the study was given by
another finding which did not correspond to a result Hith chi- dren.
The pattern of differences between questions found in the |
previous studies with children d4d not materialize for the
simple anomalous sentence with adults. It had been consistently

found that the question regarding the first ad jective-noun

palr in the sentence osroduced a quicker resﬁonse than the
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question regarding the gsecond adjective-noun pair. In other
words, the later puir produced the slower response. In

this study, this finding was reversed (although not statistically
significantly); 1i.e., the later pair produced the faster response.
The pattern of latencles to the question is shcwn in Flgure 6.
Since the pattern of responéa latencles to questions was
potentially relevant to an understsnding of the mechanisms
jnvolved in the comprehension process, & replication of this

f£inding to statistically reliable desree was important.

STUDY NO. 4
This was a repeat of Study No. 3, using 16 subjects instead

of eight, The design, stimulus materialé and procedures are
jdentical to the previous study; however, gince the main aim
was to test the validity of the question technique only the
question task vas assessed. The probe technique was not used
in this study. '
Results and Discusslon

The analysis of variance given ln Table 6 shows that the
meaningfulness main effect is significant (p £.01). The
anomalies produced slower responses than did the meaningful
sentences. This was the expected result if the questlons
validly assess some gspect of semantic processing. The
difference betveen this result and the corresponding negative
finding in the pilot study may be attributed to subject
population. Not only were there more subjects, but the
caliber of subject was obviously superior. For the pilot study,

subjects were obtalned during & final examination week, They
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were reluotent and in a hurry. For this study highly motivated
- frashmen volunteered. Thelr superior performance was visible
in fewer errors and in much shorter latencles,

But the finding in the pilot study that the pattern of
latencies wag reversed for the flrst tvo questions was
replicated in this study. This is jllustrated in Figure 7
whioh shows inverted-V patterns for all but the gimple,
anomalous sentence, The interaction between syntactic type,
meaningfulness and question (as illustrated in Flgure 7) is
not significant, but the syntactic type by question interaction
is significant (p‘(.OS). Apparently the effect of meaningfulness
is not very strong; the mala lmpact comeé from the syntactic
type. Adults tend to glve a slower response to questions about
the early portion of a simple gentence than to questions about
the later portion, This effect has not been found with children.
Perhaps this indicates that the gsentence inputs are processed
differently by the two age groups and that more speciflc

attention should now be given to process variables.

A TENTATIVE PROCESSING MODEL

Results from the four studles described above seem to

suggest & tentative model of how linguistic input is processed.

The relevant findings may be summarized as follows: (1) Structure
as measured by the probe technlque 1s independent of semantlc
factors. This implies that a mechanlism exlistis which can

orgenize linguistic input in terms of syntactic factors and

which can ignore semantic content, (2) Semantic processing,

on the other hand, does not appear independent of structural
factors. When structure is changed by the insertion of a

pause, Or a clause, semantic processes seem affected. This
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implies a step-vise mechanism such that the semantic analysis‘
of the input does not begin until after the input 1s syntac-
tically structured. Incldentally, this finding has a practical
implication: how an input is comprehended can be somewhat '
controlled by menipulation of structural factors and some of
these factors can begin to be specified by the methods used
in this research. (3) To the extent that semantic processing
is assessed by the question technique, the patterns of latencles
to the questions suggest that the retrieval of informetion from
; different portions of the input requires different amounts of
time. This implies that a decay effect may be operative over
time~-~i,e., that memory factors are 1nvolved.'

~ This interpretation is not out of line with aspects of
processing models suggested by others. Lindsay (1963) for
example, suggests that at least two programs would be necessary
ir. & machine which understands language: a "sentence-parsigg"
program which corresponds to determining the phrase structure,
and a "semantic-analysis" program dealing with thé meaning of
the parsed input. Miller and Chomsky (1963) similarly suggest
a perceptual device for language reception consisting 6f two
basic components, M; and Mp, where ¥j contains a short-term
memory and performs a "preliminary analysis"- ~ a syntactic
eanalysis - - on the input. The task for My - - which contains
a long-term memory - - is to determine the "deeper structrue"
of the input using the information from the output of M;. That

two such systems do, in fact, psychologically exlst and are

psychologically independent 1s supported by the research

reported in this proposal. Nelsser (1967) discusses two kinds

of memory--echoic memory, which lasts only a few seconds, and
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active verbal memory, in which the information from the briefly
held echoic input i1s stored in recorded form. Although
Neisser does not say this, it seems possible that syntactic
structuring occurs during the time duratlion of echolc memoxy

and that semantic analysis follows as a recoding of this initial

process.

It does not seem unreasonable to assume that the input
ijs first processed syntactically (Lindsay argues that this is
left-to-right as the input comes in), into units which are

independent of their semantic content. Each element (word)

of the input regardless of sementlc content is held in short~-

term memory until syntactic processing indicates that a syntactic -
unit is complete., The system is thus free of the burden of
supplying meaningful content to each element as it rapidly

comes in. The entire unit is then semantically processed--i,e.,

chénged into a form which permits the kind of grammatical
relations and transformations discussed in Study No. 1.
Ags 4t stands this tentative processing model is slmple

i and crude., It is not readily amenable to test. However, 1t
E does serve a8 & guide to research and, as such, it indicates

STUDY NO. 5

k thet the role of memory in processing should be investigated.

E One aspect of memory is the effect of storage capaclity
on the way input is structured as structure is measured by the
probe latency technique. 1In the original proposal 1t was
suggested that as the limits of capacity are reached, elther

because the input is long or because the capaclty 1s limited,

the input will more likely be broken into smaller units, In
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other words, a lower capaclty or a longer input will produce
a more structured organization, ‘In a thesls, as yet not
completed, by Peter Gamlin the memory capacliy of ninth grade
students was assessed with standard measures of digit span and
also with the length of sentence which could be recalled
errorlessly., Dividing the subject population into two groups,
one with high capacity and one with low capaclty, Gamlin found
that the low capacity group had a much greater break at the
phrase boundary of an input, as measured by the probe method.
;As predicted, a given input was much more highly structured
by a low capacity group. ’
Another aspect of memory is the temporal effects on the
inputs. As implied by the model, a short span memory may exlist
which handles only the syntactic.structuring, independent of
the =¢mantic factors. This short span memory may hold the
material only a few seconds, Just longenough to structure the..
input for semantic processing. If this is so, one would expect
differential impacts of short time delays between input and
task stimulus (e.g. between sentence end and probe word) on
(a) the probe structure latencies and the question lateﬁoies,
and (b) on the.three different questions. Probe structure

latencies, singe presumably they assess the statle of the input

during the initial, brief holding pericd gshould Ifade more over

time than the questions which presumably assess a later (semantic)

step in the processing.

On the other hand each of the three questions should behave
'differently. If the semantic processing proceeds left-to-right,
with each syntactic unit being semantlcally coded as 1t is formed,

the early portion of the sentence should be avallable before

y




the later portion., But if a brief time delay is allowed
between inpué termination and the question, this difference
should disappear since more time is allowed.for the semantic
processing of the later portion, 1In other words, with minimal
delay, the first question, corresponding to the early portion
of input, should be ancwered faster than the second question,
but this différence between question latencles should decrease

with a longer delay. Study No. 5 was designed to test these

notlions.

Method
Sixteen high school Jjunliors were subjects. The stimulus
gsentences were the meaningful sentences ﬁséd before. The probe
and question tasks wWere balanced with respect to order and
content as before. For both probe and question tasks two
delays between sentence ending and task stimuius were used:

approximately one-third of a second or approximately one second.

The delays were balanced with respect to order of presentation.

The stimulus items were presented in sets of 20 (for probe)

and 15 (for question). ©Each set represented a combination of
all conditlions.
:. Results

The probe latencles did become longer with a longer
delay, but not significantly (see Table 7). The probe structure
curves corresponding to the two delays were :glmogt parallel=-
i.e., 811 portions of the input decayed to the same degree (see
Figure 8). The results with the questions showed that with
increased delay there was no change in the latencies of questlons
1 and 3 (see Table 8). Question 2, however, shifted in the

opposite direction from that predicted (see Figure 9). That
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is, the latencles to question 2 became longer with increased
delay. This shift in the interaction between questions and
amount of delay was statistically significant (p <.01).
Discussion
This unpredicted result Wifh the questlion 1s difficult

to explain even after the fact. It seems wise in the light

of such a cleérly negative result to postpone ad hoc explanations

until the result is or 1s not replicated.

STUDY NO. 6 : | |
The aim of this study was to assess the validity of the

finding in Study b with a new and different population of subjects,

and to further assess the validity ol the guestion technique as

an operational index of semantic processing. The study used the
seme materiasls as for Study 5, but, in addition, a semantic
variation was introduced by adding anomalous sentences to the
stimulus materials. Thus the study may be represented by a 2Xe

aesién: time delay (short-long) by meaningfulness of sentences

(anomalous-meaningful). The rationale for including the ariomalles

1g as follows: Memory decay functions shoulé be a function not

only of time but also of the meaningfulness of the input. An

anomaly should decay more per unit time than a meaningtul sentence.

Further, 1f sentences are processed lett to right, requiring a

jon until
s later portion arrives), the impact of time delay on different

If the questlons

|
|
|
|
i
|
t
} memory factor (that is requiring holding the earlier port
E
| portions of the sentence should be different.

are valid, they should reflect these differences; that is, the

latencies should be longer for anomalies (as before), but they

should be even longer with a longer time delay, and the three

‘questions should produce different patEins ot latencies under

_EK&? a1l conditions.




[Aruntoxt provided by Eic:

Method

The procedures and stimulus materlals wexe as before. The
probe task, the questlions task, meaningfulness and time delays were
balanced for order across subjects and ac£oss two diftferent sesslons
held about two days apart, Subjects were fifth graders, the same
subjects who were tourth graders in Stvdy No. 2. Only high
comprenenders were used in order to minimize errors and to maximize
homogenelty.

Results and Discussion

The analysis of these d;ta could only partially be completed

(due to machnine failure). The data for the question task were

transcribea and means were found for 21l conditions, but the results

coula not be statistically assessed at this time. And the dala

_for. the probe task could not be transcribed. The means ror the

three gquestions were as rollows: Q1 Q2 Q3
meaningful--short delay 9.09 9.97 5.87
meaningtul~-~long delay .97 11,25 5.4
anomalous~~short delay 15.1Y 11.81 T7.72
anomalous~~-long delay 12,97 = 12.53 10.06

The descriptive data clearly support the predictions. The earlier
finding of Study No. 5 was replicated with meaningful material, and
the differential impacts of time delay materialized. Given that these!
findings are statistically rellable, the.validity of the question
technique is glven further support, and the potency of the techniqgue
as a possible lever toward describing the processes in language

understanding is enhanced.

FURTHER WORK
The analysis of STUDY NO. 6 will be completed and the results
interpreted. Future work will probably concentrate on the further

development of the gquestion technique as a tool for operationalizing
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lingulistic processing. This will be done primarily, at least
at first, in relation to short-term memory factors. It seems
that a first step now is another attempt at describlng a processing

model,
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STUDY NO, 2

Table 1

Source af
p, probe

u, comprehens- 1
sion level

s:u, subject 30
within level

pu 5
ps:u 150
Total 191

MS F
1178.57 15,49
137.41 alale
251.52 -
64,50  =--
76.08 -

* p<.05

3 P <.01

Table 2

Source af
t, syntactic 1
type
q, question 2
u, comprehen- 1
sion level
s:u, subjects 30
within level
tq 2
tu 1
ts:u 30
qu 2
gs:u 60
tqu 2
tgs:u 60
Total 191

MS
994,63

1087 .42
327.13

104.73

118.76
115.63
42,66
10,38
33,04
2.26
40.46




STUDY NO., 3

Table 3 Table 4
Source df MS F Source af MS F
?ﬁlgggging- 1 6.56 === ?ﬁlgzzging— 1 64.19 -
p, probe 3 8.0 === p, probe 5 160,58 _4,42%*
8, subject T 130.25 - 8, subject T 193.05 S
mp 5 3.45 === mp 5 15.33 -
ms 7 12,36 e-- ma T 124,30 -—— |
| ps 21 18.56 ===  ps 35 36.33 - :
nps 21 5,14 =--- mps 35 28,83 -m-
Total 63 Total - '95
Source dfTable 2 MS F
m, meaningfulness 1 23,01 1.46
| a, question 2 91.53 10, 82%#
t, syntactic type 1 0.84 - v
g, subjects T 116.31 -
mq 2 15.49 1.20
| nt 1 21.10 1.06
[ ms 7 15.79 -
qt 2 8.22 -
* qs . 14 8.46 ——
ts 7 47.33 -
mqt 2 10.00 -——
mq s 14 12.96 - *:: p {.05
uts T 19.97 —— p<.01
qts 14 12,17 -

mqts 14 11.22 e




STUDY NO. 4

Table 6

Source af MS 3
q, question 2 92,82 8.53""
m, meaningfulness 1 248,66 17.91**
t, syntactic type 1 0.29 ——
8, subjects 15 65.18 -
qnm 2 10.13 1.08
qt 2 25.63 3.39"
Qs 30 10.88 -
mt 1 19.06 1.91
ms 15 13.89 -
ts 15 7.96 -
qmt 2 19.04 1.85
qQts 30 T.55 -
mts 15 9.98 -
qQms 30 g.41 -
qmts 30 10.32 -
Total , 191

p¢ .05
34t p€.01




STUDY NO. 5

Table 7
Source af MS r
t, syntactic type 1 107.86 5.54
p, probe 3 156.85  12.39™"
s, subjects 15 81,66 -
tp SRR TS —
ts 15 30, 44 - |
ps 45 12,66 e ?
tps | 45 8.45 -
Total 127 |
Table 8
Source af MS F
.t, syntactic type 1l 7.32 1.00
q, question 2 ' 93.97 13.48**
s, subject 15 21.95 -
tq 2 20,64 5,40%"
ts 15 6.91 -
Qs ' 30 6.97 -
tgs - 30 3,82 ~mm

95

p<£.05
p(‘.Ol
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Abstract

Past research has developed the "probe-latency technique' for

assessing the structure of linguistic inputs. Results to date indicate

that the probe-latency structura is primarily a function of syntactic

yelations in the input and is relatively independent of semantic

characteristics of the stimulus material. The "question technique',

a second operational method, was developed as an approach to semantic

processing. A study using both techniques is described in detail. The

results of this study {ndicate that the question technique has promise

as an approach to semantic processes. The study also gives further

om syntactic processes.

confirmation to the independence of semantic fr
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In an attempt to approach empirically the processes involved in
language comprehension it became apparent that it was necessary to
develop techniques for assessing how a linguistic input 1is structured by
the individual, The probe-latency technique was developed and seemed to
validly assess at least some syntactic aspects of structure (Suci, G. J.,
Ammon, P. and Gamlin, P., 1967). In its simplest form the probe-latency
technique refers to the following: The subject is presented, auditorily,
with a linguistic input. This input is followed by one of the words in
the input which is repeated as a stimulus. The subject is instructed to
respond as quickly as possible with the work which followed the repeated
work in the input. For example, the subject might hear: ''The big bear
climbs tall trees -- BEAR". The word "bear" is a stimulus to which the
subject is to respond 'climbs" as fast as he can. The response latency,
onset to onset, is measured with an oscillograph re~ording made from a
tape recording of the input and the response. It is assumed that this
response latency is a direct function of the relationship between the two
words. The probe-latency structure of an utterance is given b} the
shape of a probe position by latency curve. The obtained shape was an
inverted V with the apex, i.e., the longest latency, at the phrase
boundary.

When evaluated against syntactic criteria, the technique was found
to separate noun and verb phrases and also appeared sensitive to
structural variations within phrases. This was true for both children
and adults.

In the same study of adults, an attempt to alter probe-latency

structure by varying the meaningfulness of the input failed. Both




meaningful inputs and syntactically equivalent anoralous inputs (e.g.,
"The hard bird stops red ladies.') produced the same shaped curves,
corresponding to syntactic structure. It seemed then that syntactic

structures as indexed by the probe-latency method was independent of at

least one semantic characteristic of the input, and that whatever semantic

processing occurred was not made apparent by the technique. One aim of

the present study was to assess the replicability of this finding 1) with

children and 2) with one other semantic variable. The new variable was

the comprehension ability of the subjects as measured by a standard

comprehension test.
It is possible that the manner in which input is organized and

comprehended is such that semantic processing 1is reflected by the probe-

latency structure only under certain conditions -- conditions not invoked

in the validating study and yet to be discovered. It is also of course

possible that probe-latency structure will never reflect semantic

processing -- that regardless of conditions, only syntactic relations

will be reflected, Such independence between syntactic and semantic

processing is proposed by Chomsky (1965, 1967). Probe-latency structure

may correspond to Chomsky's ''surface structure" and not to his ''deep

structure" which is presumably representative of some of the semantic

aspects of grammar. 1f the probe-latency technique is indeed limited to

syntactic structure and cannot validly tap semantic processes, then it is

obviously necessary to seek still other techniques which might hold

promise as operational approaches to semantic processing. It was the

second aim of this study to test the validity of the "question technique",

promise as an approach to semantic factors,

which seemed to hold some




i

The finding that semantic and syntactic factors are independent
could be put to test in still another way: If some means for altering
prohe-latency structure was found -- other than syntactic or semantic --
would semantic processing then be affected? To date, with a given
syntactic word order, the probe-latency structure remained unaltered bv
semantic characteristics of the input. Given this constant word order,
and holding semantic characteristics constant, first, could a means for
altering probe-structure be found, and second, given the alteration,
would semantic processing be affected? Early pilot work with adults
(unpublished) had shown that reliable probe-latency structure changes
could be quite readily induced by inserting a short pause at a given
point in the input. Therefore pause, a non-semantic, non--snrd-vrder
variation in the input, was adopted as a variable in this studyv. In
addition to requiring a means for altering structure, this problem also
required that techniques for assessing semantic processing be developed.
The "question technique', if valid, could serve this purpose.

In developing the question technique as an approach to semant ¢

processes it became necessary to formulate a rough conceptial i amework

of what semantic processing might be. This was done on the basis ot
several existing theoretical approaches, but the primary source for the
framework used is Chomsky (1965, 1967).

The independence of syntactic and semantic processes has ticoretical
basis in several sources. Miller and Chomsky (1963) illustrate it with
the two sentences "John is eager to please' and "John is easy to please,’
which are identical in surface structure but differ in meaning. This

same distinction is made by Katz and Fodor (1963): "....the grammar
provides identical structural descriptions for sentences that are

different in meaning and different structural descriptions for sentences




that are identical in meaning' (where "grammar'' includes phonological
structure and syntactic structure but not semantic structure). But

this independence between syntax and semantics is one-way: utterances
which do not follow syntactic rules are not meaningful. For example, as
Lenneberg (1967) illustrates: of the two strings (1) colorless green
ideas sleep furiously and (2) furiously sleep ideas green colorless,

the first sounds more like a sentence. We may say th&,ﬂl) is
grammatical but (2) is not. It seems then that the independence is such
that successful syntactic processing is necessary buvt not sufficient for
successful semantic processing.

Since the probe-latency technique does not seem to respond to
semantic factors, other techniques will need to be explored. A possible
theoretical basis for an operational approach to semantics comes from
Chomsky. To Chomsky (1965, 1967) meaning is represented in the "deep
structures" which differ from the surface structures. The two types of
structures are related by neransformations” -- rules for lawfully
mapping one structure onto another structure. Chomsky believes that | |
meaning, which is in the deep structure, is a function of the granmatical
relations between the elements of the deep structure. This deep struc-
ture, like surface structure, represents a sentence vhich has parts,
constituents, which are related to each other as "gubjact of'' or as

ndirect object of", and so on. The meaning of the represented sentence

is given by these relations.

Admittedly this is not all conceptually clear, but it is operationally
suggestive. For the way in which a target sentence is understood may be
{ndexed by the ability of a subject to transform the target sentence into

other, syntactically and lexi:zally different, sentences, each of which




represents a basic grammatical relation in the target sentence. This
kind of transforming is necessary for the operation used in this study.
This operation, ''the question technique", is based on the assumption that
the time it takes to recognize and respond to & question as a correct or
incorrect transformation of a reiation in a given target sentence is
related to some aspects (unknown) of semantic processing. The question
technique requires that immediately after the subject hears a target
sentence (e.g., The sly hunter followed the black bear.) he hears a
question concerning a relationship betvween major aspects of the sentence |
to which he must reply "yes" or '"no" as quickly as he can. The question
may, for example, be about an adjective-noun relation: 'Was the bear
black?": or about the subject-verb-object relation: '"Did the bear follow
the hunter?'". Each question represents a transformation, a different
structure and word order, into a sentence which directly represents a
grammatical relation,

Ammon (1967) first used questions to assess "listening skills" in

children and adults, His technique differs in that the response required
is a lexical item from the input -- e.g., the answer to "Who followed

the bear?" -- rather than "yes" or "no". He had some success in

di fferentiating between degrees of "confusability" which was a function,
in part, of semantic relations in the stimulus input.

Miller (1962) reports a study in which the speed of a task involving
recognition of transformations (not questions) iz used. The task
suggested here is operationally different and, also unlike Miller's, is
directly concerned with the time required to process & single, immediate
input, instead of the total time to process several transformations. The

hypothesis of this study is that the latencies of the "yes" and '"no"

responses to these questions are related to the rapidity with wvhich the input




is semantically processed: latencies should be greater for anomolous

inputs and for subjects who are low in comprehension ability.

Method

Stimulus Material and Instruments. Throughout this study a seven-

word sentence of the following syntactic type was used: article, ad jec-
tive, noun, verb, article, adjective, noum. All material was tape-
recorded. - The sentences were in monotcne at a rate of 150 words per
minute. Each sentence was either meaningful (e.g., Thesly hunter

followed the black bear.) or anomalous (e.g., The happy scissors ate the
soft monkey.), and each sentence either had no pause or pause approximately
one-third second long between the first noun and the following verb.

One half of the sentences were used in the proba condition.
Approximately one-third of a second following the end of the sentence
one of the words in the sentence was repeated with intonation and vith
greater intensity. The subjects were instructed to respond as fast as
possible with the vord that followed in the sentence. The article "the"
and the last noun in the sentence were not used as probes. Each of the
other four positions was probed five times. Each sentence vas probed
only once; no subject heard the same sentence twice.

The other half of the sentences were used in the question condition,
wvherein each sentence was followed by a question about the relationships
in the sentence between (a) the first adjective and noun (Was the hunter
sly?); (b) the second adjective and noun (Wwas the bear black?); (c) the
subject-verb-object (Did the bear follow the hunter?); (d) the subject-
verb (Was the hunter followed?); (e) the verb and direct-object (Did

the bear follow?). Each type of question appeared four times in the




question condition, twice when the correct ans<er Was "ng" and twice when
it was "yes". The questions followed the sentence after approximately one-
third second and were {ntoned in a normal manner, Subjects vere instructed
to answer "yes" or 'no'" as fast as possible, Each subject vas given
eight practice trials in the initial presentation of the question condition.
The Listening test, Form 4A, of the Sequential Tests of Educational
Progress (STEP), developed by the Educational Testing Service (BTS), was
used to separate subjects into two levels of comprehension ability. This
test was "designed to measure a student's skill in understanding, inter-
preting, applying and evaluating what he listens to." The test is fully
described by ETS. The tests were administered by teachers according to

published instructions.

Design. The stimulus variables (meaningfulness and pause) and the
subject variable were combined with probe position into a 2 x 2 x 2 x4
design and with question condition into a 2 x 2 x 2 x 5 design. The
stimulus sentences vwere divided into sets of 20. Each set represented

a stimulus condition; question, probe, pause or non-pause, meaningful or

anomalous. Each subject had all stismulus conditions presented in two
sessions about one week apart., Within sessions sentences were either all
meaningful or all anomalous. Within sessions the order of presentation
used is represented by all permutations of probe and question with pause,
non-pause conditions with the requirement that probe and question condi-
tions alternate. This requirement was adopted to vary the task for the
subject. The contents of the items vere completely counterbalanced

across subjects so that every sentence appeared in every condition.




Subjects. The entire fourth-grade of a local elementary school 1as
tested with the STE? listening test. Using standard scoring, the popula-
tion was divided into a high (above the 91st percentile) and low group
(below the 82nd percentile). Right boys and eight girls, a total of 16
were selected from each comprehension group. The average percentile rank
for the high was 95.5 and 74.6 for the low. An attempt was made in the
selection to equate the two groups on an intelligence test score supplied
by the school records. The average IQ for the high group was 116.1 and

111.3 for the low group.

Procedure. The subject sat in front of a microphone into which he
was instructed to speak., The stimulus material was presented from a
speaker behind the subject. Each sentence was preceded by the word
"ready" and was presented at a rate of one per 12 seconds. A rest
period, long enough to change the tape, was given between conditions.
Each condition was preceded by a warm up of eight sentences the first
time and four the second. The procedure “or the second session, a veek
later, was the same.

The responses vere taped. The latencies wvere measured from probe
word onset to response onset in the probe condition and from question ending
to response onset in the question condition. An cscillographic record

made at 25 mm per second from the tape was used to measure latency.

Analysis. For each subject the median latency of the five latencies
at each probe position and of the four latencies for each question type
was found. These median values were then entered into analyses of

variance done separately for probe and question conditions.




It became apparent in the course of collecting data that two of the
questions were probably producing artifactual results., The questions
concerning the subject-verb (Did the hunter follow?) began in exactly the
same way as the subject-verb-object question (Did the hunter follow the
bear?). This kind of ambiguity was also present between the verb-object
and the subject-verb-object questions when the correct answers 'ere 'mno"
(e.g., Did the bear follow? and Did the bear follow the hunter?). It
was therefore decided to remove the subject-verb and the verb-object
questions from the present analysis reducing the number of questions from

five to three.

Results

Probe Conditions. The results for the probe conditions are summarized

in Table 1. The probe-position main effect was highly significant (p< .001)

Table 1 about here

in all analyses. The latency probe position curves for all conditions
were the typical inverted V-shaped curves as illustrated in Figure 1.

This shape materialized for both the high and low comprehension groups and
for both anomalous and meaningful inputs. The apex of the V-shaped curve,

i.e., the highest latency, was at the phrase boundary between the first

noun and the verb.

Figure 1 about here

A probe structure change or a difference in s.ructure as a function
of some variable would be indicated by an interaction of probe-position
with the variable. Only the pause condition showed such an effect. The

probe-position by pause interaction was significant (p < .05). As the
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latency curves in Pigure 1 show, with a pause in the input the latancy was
longer at the phrase boundary and shorter for two of the three points “ithin
the phrases; {.e., a pause separated syntactic units and tightened the
relations within units.
No other structural differences were found. Neither meaningfulness
of stimulus {input nor comprehension level of subject interacted with

probe position.

Question Condition. The results for the question conditions are sum-

mavized in Table 2. In every instance the question main effect was

‘Table 2 about here

highly significant (p <.001); i.e., the questions produced different
latencies. The same pattern of differences between questions occurred

whether the stimulus material was meaningful or amonalous, vhether the

subject was in the high - or low-comprehension group, or whether there

was or was not a pause in the input. The pattern of question differences

iz illustrated inFizure 2. The question about the subject-predicate rela-
tion always had the fastest response, the question about the first noun-
adjective, the second fastest and the question about the second noun-adjective

always the slovest.

Figure 2 about here

The responses to the questions were faster with meaningful material
than with anomalous material in every case (p < .001), This was the
result expected assuming that the questions tap meaning. However, the
comprehension level of the subject did not produce the expected latency
difference (p >.05). Inspection of the results indicated that under non-

pause conditions and with meaningful material the high comprehension

subjects were faster than the lows; but under non-pause conditions the




highs were slower uith anomalous material. This interaction disappeared
~hen the pause material was analyzed alone. With pause there v'as no
difference in performance of the high- and low-comprehension groups. The
{nteraction between pause, meaningfulness of input and comprehension level
of subjects fell just short of significance (obtained F = 4.03 with P =

4.17 required for significancest p < .05).

Discussion

The results of this study indicate the following: (1) The semantic
factors failed to alter probe-latency structure; therefore, the earlier
finding that syntactic and semantic factors are independent may be
generalized to a different subject population and to another measure of
semantic processing. By the fourth-grade, syntax appears as a very
power ful organizing factor in language processing, but the ability to
comprehend language may be independent of this organizing factor. In
light of the narrowness of the conditions this must remain a tentative
notion only, but the results seem to support the hypothesis that although
syntactic organization may be necessary conditiom, it is not sufficient
for successful semantic processing.

(2) Although semantic factors seemingly do not affect probe-latency
structure, pause, 2 son-semantic factor, does. The pause effect 'was as
expected: it separated phrase units, but tightened word units within
phrases, Thus it seems possible to vary the degrees of structure imposed
on a lexically fixed imput. Pause in normal speech may be a syntactic
feature, but it seems clear that it is independent of any lexical content
and therefore it becomes & Very useful device for inducing structural
change without affecting constituent structure. Tire pause effect on

structure was equivalent under all conditions of semantic variation; i.e..

- e



the pause conditions did not interact with the semantic variables.

But, given that the probe-latency structure imposed on an input
vas successfully altered, did this change have any effect on the semantic
processing of this input? To evaluate any such effect we must first
consider the validity of the question technicue as an assessment of
semantic processing.

(3) To test the validity of the question technique, latencies of
responses to questions vere related to the meaningfulness of the stimulus
material and to the comprehension level of the subject. It was expected
that anomalies would produce longer latencies. This expectation was borne
out. It vas also expected that the low-compreheusion group vould shov
longer latencies regardless of the meaningfulness of the stimulus inpur,
With the meaningful material the high comprehension group did better than
the low comprehension group; with the anomalous material the lov group
did better. However, neither of these results vas statistically reliable.
After the fact, it does seem feasible that if, in processing linguistic
inputs the high-comprehension subjects depend on semantic relations. the
lack of such a relation inthe anomalies would interfere and slov do'mn
processing. The low-comprehension subjects, on the other hand. may simply
depend less on semantic factors for both kinds of stimulus inputs and

therefore do about equally well ."th each. Such a post facto explanation

limits the certainty with which we can accept the validity of the
questions as an operational tap of semantic processing. But the questicn
technique seems to hold promise as an approach to some aspects of
semantic processing and therefore deserves further attention.

(4) Returning now to the effect on question vesponse latencies of

pause-induced change in structure. we must conclude that the results are




not clear. Both the high and the low comprehension groups show greater
structure with pause in the input, but the associated change in semantic
processing, as measured by the question technicue. differs for the t:o groups.
Under pause conditions the low group improves in its per formance with
meaningful input and the high group improves in its performance with the
anomalous input.

A possible explanation is this: The high comprehension children
already have at their disposal efficient means for semantically processing
meaningful inputs. Any amount of increased structuiing will not induce
further improvement. This is not so with anomalous inputs which, because
they violate semantic rules, interfere with processing and depress
performance. Under these conditions there is room for any improvement

which the structural effect might contribute.

The low comprehension subjects, on the other hand, have an inadequate
semantic processing system equally inadequate with meaningful and anomalous
inputs. With meaningful inputs there is certainly room for improvement and
the increase in structure can have its effect, With anomalies, since the
semantic processing system for the low group is already deficient therve
is only a minimum interference effect from violation of semantic rules.

The low group is doing Qbout as well as it can with this kind of input and
an increase in structure cannot be facilitative.

(5) There are at least two unanticipated findings which would be
mentioned. One is the pattern of differences between the latencies of the
responses to the three questions as indicated in Figure 2. Shculd “he questions
prove to be valid as indices of semantic processes, the pattern of
differences between questions would seem potenti#lly helpful as an approach

to the sequence of steps involved in processing input for meaning. For




example, the faster response to questions about the first noun-adjective
indicate a left-to-right processing of phrase units.

The second is that there are very large iudividual differences in
response latencies, on both probe and quest on tasks, among children.
These differences increased the error terms in the analyses of variance
and probably attenuated the significance level of some of the obtained dif-
ferences. This is a serious problem on two counts. First it probably
shadows real differences and second it prevents proper statistical analyses
of data which include both adults and children. Adults, although they too

exhibit a great deal of variance. are considerably more homogeneous. The

resulting lack of homogeneity of variance makes comparisons between

age groups tenuous.
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Tables
Table 1. Analysis of variance for probe-structure conditions.

Table 2. Analysis of variance for cuestion-types.




Source

meaningfulness

e
1

comprehension
level

q - question types

P - pause
s:u - subjects
mq

mu

mp

ms:u

qu

ap

gs:u

up

ps:u

mqu

mqp

mgs:u

mup

mps:u
aup

ops:u
maqup

mgps:u

df

60

30

60
1
30
2
60
2

60

Total: 383

Error
Term

ms:u

mgs:u

mqps:u

Variance
Estimate

1220. 14

32.96

2251 89
115,39
3168.05

59.33
293,13
4.50
136.11
5.28
134.09
67.01
.62
79.87
24,89
50.88
52.40
272.53
67.70
13.80
540.63
20.76
61.31
*p < 0.05

*¥p < 0,01




Source

m - meaningfulness
pr - probe

u - comprehension
level

pa - pause
s:u - subjects
m(pr)

mu

m(pa)

ms:u

(pr)u
(pr)(pa)
(pr)s:u
u(pa)
(pa)s:u
m(pr)u
m(pr)(pa)
m(pr)s:u

mu (pa)
m(pa)s:u
(pr)u(pa)
(pr)(pa)s:u
m(pr)(pa)u

m(pr)(pa)s:u

Total:

df

90

30

920

30

90

90

511

Error Term

ms:u

m(pa)s:u

m(pr)(pa)s:u

m(pr)(pa)s:u

Variance
Estimate

563.22
3133.55

101.53

14.45
251.25
30.10
b4 .54
0.10
104.59
66.68
72,68
78.04
0.01
52.29
6.28

25.86

40, 15%*

34,
16.
56.
13,
19.
22.

16.

*p< 0.05

**p< 0.01

22
80
75
90
56
68

83

5.38%




Figure 1,

Figure 2,

Pigures

Probe-latency structure under two conditions with a pause and

without a pause at the phrase boundary.

Response latency of answers to questions about grammatical

relations in the input.
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Summary of Final Report

Project Number: OEC-1-7-078093-2711

Project Title: A Further Test of the Utility of a Technique for
Assessing Structure of ILanguage in Children and Adults.

Project Director: George J. Sucl

Assoclate Professor
Cornell University

This is a report of six experiments concerned with the
assessment of syntactic and semantic prdcessing of auditory, |
linguistic inputs. The experiments centered around two techniques, i
the probe-latency technique developed prior to the contract period,
and the question technique developed early in the contract perilod.
The probe~latency technique is as followé: the subject hears a
stimulus sentence followed by a repetition of one of the words,
the probe word, in the same sentence. The subject's task is to
respond as rapldly as possible with the word that follows the prcbhe.
It was found that the probe by latency curves, using every word
except the last as a probe, corresponded to syntactic structure.

In the following studles this technique was used to assess structure,

STUDY NO. 1

The question technique, for assessing semantic processing
factors, was developed and some evidence for its valldlity was
found. The subject answers one of three questlons about some
relationship given by the sentence. The latencles of hls answers
vere measured and were found to be related to the meahingfulness

of stimulus sentences as predicted if the questions valldly assess

semantlic processing.




An earlier finding with adults that syntactic structure
(probe-latency structure) and semantic factors were independent
vas replicated with fourth grade chlldren.

It was found thet a2 brief pause at the phrase boundary of
an Input sentence can significantly alter its structure and affect
how well the sentence 1s comprehended, as comprehension 1s measured

by the question technique.

STUDY NO., 2

In this study it was asked whether a syntactic factor,
~independently of semantic content, has impact on how a sentence
is semantlically processed. It was found that at least one syatactic
factor did facilitate the semantic processing of a sentence,.
Insertion of an adjective clause in a simple sentence facilitated
resﬁonses to all three questlons about the modified sentence

compared to the simple sentence.

STUDY NO. 3

This was a pllot study aimed at testing the questlon procedure
and some of the results of the other two studies with adults, Elght
adults were used primarily to learn if the questions showed the
same valldity as with children. The validlty test failed. This
was & serlous negative finding and the study was repeated with

more subjects.

STUDY NO. 4
This was a repetition of the above with 1€ subjects. The

results clearly supported the validity of the question technlque
as an assessment of semantic processing factors. It was also
found that the pattern of question latencies for one type of

sentence was different from one which had consistently been found




with children. This indicated that possibly adults and chlldren
process sentences differently and led to the development of a simple
processing model., The model implicated the role of short-term
memory in processing and the remaining two studiecs almed at some

memory factors.

STUDY XO. 5
In this study the time delay between input and task stimulus

(e.g., between sentence end and probe word) was varied from one-
third second to one second. Differential impact of these delays
was expected on the probe and the question latencies, and on the
latencies for the different questions. The results were completely
negative to the predictions which nad been made. Of most

relevance here is the finding that the latencles to the question
about the later portion of a sentence became longer with a longer

time delay. The opposite had been predicted.

STUDY NO. 6

This was & repeat of Study No. 5 witn one new variable added
in. The complete analysis of data for this gtudy could not be
completed in time for this report. Preliminary analysis of the
question task indicates that the above negative result was
replicated-~that is, that the responses to questions about later
portions of the sentence slow down with a longer time delay between

input and task stimulus. 1In addition, the analysls to date indicates

that anomalous sentences (syntactically intact but less meaningful
sentences) are processed differently under the two time delay
conditions and differently from meaningful sentences. This would
indicate that the question technique 1s possibly responsive to

semantlc factors--i.e., it gives further support to the validity

of the technique,




FUTURE WORK

The question technique will be further developed and 1ts
operational implications for semantic processing and for the

role of memory in processing will be further explored.




