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Abs t rac t

Reading times are a very detailed source of data on

comprehension processes , especially in the case of record in i~

reading times on individual sentences in a passage . But

conventional verbal or mathemat ical theories of comprehension

fail to fully exploit such data because the comprehension

orocesses are not represented in enough detail. Computer

simulation models of language processing are adequately

det~iiled , hut there has been difficulty in applying such models

to experimental data. This paper presents the results obtained

by using a multiple — regression method to compare an ordinary

language processing simulation model to single— sentence readin g

tim o~ by fit .ting a linear equation to the reading times . The

candidate predictor variables in the regression anal ysis are

va r i ab l es  renresent ing the number of s teps in ea ch process

performed by the slmu ’ation in unders tandin g each serit .ence.

This method was applied to a detailed set of  single— sentence

reading times. Subjects read simple passages one sentence at a

time , with the order of the sentences In the passage bein g

varied. Three different reading tasks were studied: a standard

immediate free recall task , a topic Identif ication task , and a

free reading task. The results of this simulation analysis show

that : ( 1)  The mul t ip le—regression method of f i t t i ng  the

simulation model to reading time data works; that Is , it yields

useful informat ion on the accuracy of the model. (.
~~) The

reading time s on individ ual sentences can be decomposed into the

times required for each process in the simulation , such as

parsin g , representation bui ldin g , memor izing for recall , topic 

-— ~ —~~~~~~~ — -——j -—-  - - - - -
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identification , and topic pointer maintenance. (
~~~~~

) In these

stmp~a passages , reading times appear to be mostly determin ed by

representation buildin g and memorizat ion processes , while

par sing, memor y se arch , and topic pointer maintenance

contribu ted weakl y , although significantly, to the reading

times. ( i 4 ) The reading tasks differ substantially and in

theoretically mean ingfu l ways in how much and what kind of

processing Is required on Individual sentences.

- -~,,- . ~~~~ .—— - 
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Modelling Reading Time s in Different Reading Tasks

with a Simulation Model of Comprehension

David E. Kieras

Un ive r s i t y of Ar i zona

An increasin gly popular measure in the study of reading

comprehension is th at of reading time , or inspection time , the

time a reader tak~ s to process a piece of verbal input. The

rationale for using a reading time measure is that variables

th at influence the type or amount of processing should thereby

affect the amount of time required to complete the processing.

In con s t r ast to t h e mor e common ly use d recal l  measur e , which

assesses the results of comprehension , the  re adi n g t ime mea s u r e

taps an aspec t of the comprehension process as it occurs. For

this reason , the study of reading times can contribute uniquely

to our growing understanding of comprehension processes.

One of the major uses of reading times has been to measure

the time taken to process an entire passage . Although this is

an old use of the measure , it has become really valuable

th eoretically only with the work of Kintsch and others which

provides character ization s of passages in terms of independent

varidb les such as the number of propositions or arguments ( e.g.

Kints ch & Keenan , 1973; Kintsch , K ozm insk y , S t re by , McKoon , &

Keenan , 1975). At the other extreme , by using a laborator y

computer , A aronson (1972; Aaronson & Scarborough , 1976) has 

L - - ~~~ -— S.. ~~~ _ — _ - --—--. a - ‘~~—__~ •~_-_~~~.—~~ __-_~ _~]_______~__ . _ __  ~~~~~
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meas ured read ing t i m e s  for ind i vidua l  words In i s o l a t e d

se n t e nc e s  . The p rof i l e  of w ord  r e a d  i n g times fo i l  owed t he

phrase s t r u c t u r e  of’ the  sent e nc e . hut , most impor ta n t  lv , on ly  i f

t he  sub ~eet ‘s task was a reca ll t a s k .  A t a s k  i n vo l v i ng  read in~
ust for a la t e r  s imple cfl Ies t ion produced only ve ry  smal l

va r ia t ~~ons in read ing  t i m e s .

‘fos t of’ the w o rk  w i t h  read ing  t imes has r equ i re d s uh i e ct s

to  make some )ud’~ement , such is true or f a l s e . in response t o  a

sent en cc • w i t h  some 1 in gui st i c propert v of t he sent  enoc t~e 1

~na n I pu I at e d . ~ t’t en t he man i pu 1 at ion in vo l  v es supp I y i n ~
r

add it ‘. ona 1 in format ion , such is a o I otu re e . . , C hase & Cl irk ,

N .
‘
~ or e a r l  icr sentences (e.g. . Ca r pe n t e r  A ~Tus t , 

11)~~~ . t ha t

oh in ~~e some imp 1 Ic i t rro per t  ~ of ’ t h e  t e st sen tence  . The l og i ca l

un i t of’ study of’ such exper iments is thus the comprehens io n of ’

the s ing le  sen ten ce .  Whi le  th i s  procedure is the  o bv ious  one to

use to e x p l o r e  many Issues in comprehension . c l ea r ly  mak ing a

r u e — f a l s e  j udgeme nt of a sen t ence  is .i t a sk  t ha t  might

d r a ma t i ca Ii y a l t  er the p ro ce s s ing  t I me co mpared  to  some othe r  - 

-

t a s k .

Ct her s t u d ies  ha v e used re ad i n g  t i m e s  to s t ud  v how

s e n t e nc e s  ire i n te g ra t e d .  W h i le  the t i m e  to process a s i ng le

s en tenc e is s t i l l  the  measure , the intere st , i s  d i r ec t e d  t o w a r d s

t he  re I it ions bet ween t he  se nt enc e s . For e x a m p l e  , Hay i i and and

Cl ark ~Q7Z 1 s t u d ied the operat. ion ot ’ the g i v e n— n e w  cont ra c t  in

sentence comprehensi on . A cc ord in g to t.h is v i e w  of ’ integ rat  ion

processes , each sen tence  spec i f ie.s some new informat i on about

one or more g i ve n  it ems or r e f e re n t s .  In order to unders t  and a

- -~~~~~~ -— — — —~~~~ ~~~~~ —~
~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~



sent t ’ f l C t’ • t he reade r  mu st ident f’ y t he g t ve i i  ~n - t new port ions of

e se nte nce • 1 o~ at ~‘ the represent  at I on s of he ~ . t v en

in f o r mat ion In memory , and add the new i nt ’o rmat ion t o t h e s e

re prese nt at t 1’ns . H ay  t l and and  C l a r k ’ s sub ic ot s read p at ~~
se nt  cnc~’s w h i c h  ~I I f’fe red  in whet her ref e r e n ces  in the ~~oond

s cii t cii cc 5 ’ou 1 d hi’ re so I v ed t o re f e re n t  s post u 1 at ed by t he f i r s t

sent ence . Sub rec t s s i m p ly  pr essed  .i b ut t o n  wh en t h e y  t h o u g h t

h cv und e r st  cod c:i oh s en t en ce . Sc nt ences wh ose re f e r e n t  s were

y e n  w er e  processed faster th an If t hey were new . Ct her

cx .u’u’ I 1’ ci’ j u t  c gr at i on st ud I es u s i  n g read i r ig t i mes H aber 1 and

in d P i nc~h .im( 1 0 7~ ~ , who showed t hat verbs c i  n go v em t h ~‘

1 fl c ’ ~r at i on of ’ set s o f ’ s Imp l~’ sent en cc s • arid Mv not  -~ ~~ :~

~~~ i t  Ii 10 . wh o t e st ed .1 model for t n t  egr .it ‘n i n e x t  ci ~~ I v

‘~ i ~ nl e p.IS ~~ige s des or i hi r i g  l inea r  order i n g~
A set of ’ cx  per i me rit s hr K icr as ( 10 ~ I , us i g r e.i d in~ t i :ne s

fo r  in d i v i  d u.i 1 s e n te n c e s  In a p as sage , Is of  5 pec 1 .1 1 i n t e c

h crc bec . i i i s e  th or i re t he  proc urs ~~ ~ of’ t h e  cx per ment rt’ ~~~ t e d

i n  t h i s p.ipor . I n t  egr at i on was st ud t od i n s i Til l 1 e pass  ages • - 
I

i 1 am 1 o t hose ot ’ lir.in ~ t’ortj  .i rid Fran ks 10~ 1 . wh i oh d i t ’ t e r c

i i i  I he goodness of’ t h ci r t ext st ruct n r c .  The i~os sa ges  cons i st ed

o f sev en  s mp i t ’ one — pr ot~os It ion sent  e nces t h at con 1 d 1 og ic o  11 V

be r reseu t  ed i n a ny order . rhe ma i n  idea  sent t’nc e con hi appea r

ci t her - i t  t he beg I nu in g or t ho e rid . l’he sent en ces coul d he i 11 1

s ’ 1 lCT’ t~fl t 0?’ 5Ier , In wh t ch each sentenc e con t a ins at 1 C .i s t. o ne

i v ~‘ n r e f’ereni t • a Ii ow i n g i t  t o he i mmcd iot  ely tnt  egr ’ ~t ed . Cr .

t h e  sent  ences could be •irranged in on incoh erent order • such

h i t  I he f I r ~t S t’ve ra  1 Sent ences con t a I ii on lv new r c t’er en t s a nd

~~~~~ con not be t mmed l at e ly  I n t  egr at ed . Ilot h main Idea nos it to n

____________________ _________ -- —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ S- -_ -~~~~~ — -~~~~~ ~~~~~~~~~~~~~~~~~~~~
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and coherence had effects on apparent theme , re ca l l , an d readin g

times. In parti cular , the reading times were shorter on

sentences with given referents than when these same sentences

containe d only new referents . The incoherent order th~ s

required longer average readin g times , particularly on the

initially unintegratabl e sentences. The interpret ation was that

the initially unintegratab le sentences in the incoherent order

produced a high er memory load and so slowed down processing .

However , the strongest and most consistent readin g time

differences were between sentences of different structure , such

as The ants were hungry and The ants ate the jelly.

Fur thermore, the pattern of the reading times depended on the

task , showing different patterns in an immediate recall and in a

th eme identification task , and no effects at all in a delayed 
—

recall task (see Kieras , Note 1 , 1978).

The conclusion to be drawn about these studies of reading

time is that measuring this variable is clearly a powerful

methodology that can yield a lot of information about

com prehension processes . However , as commented above, the

pattern of reading times can differ considerably depending on

the task . Hence providing a temporal characterization of

comprehension processes based on reading times will require that

the reading task be taken seriously into account.

Modelling Readin g Times

The logic of using a reading time measure is th at

differences in the amount or type of processing should show up

as differences in the amount of time required. However , the 

- .~~~~~~~~~~~~~~~ - .~~~--‘- 
_ _  _
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comprehension process is beli eved to he extremel y complex ,

consi stin g of several subprocesses such as w r d  percep t ion ,

syntactic analysis , memory search , integration , memory storage ,

and other processes , such as schema—usin g strategies. The

problem in devising models for readin g time is how to assign

differences in reading times to these several suhprocesses , and

so decompose the total readin g time into theoretical components.

~
‘or example , in the data in Kieras (1978), t h e  longer readin g

times for the uninte grable sentences could be due to differences

in nernorv search , integration , topic maintenance , or storage

nroc~ sses. Also , the differences in reading time between

sen tences  of d i f fe ren t  types , such as between the  simple

one —noun sentences like The ants were hungry and the more

cc ” p l i ca ted  two — noun sentences like The ants ate the j e l l y ,  c a n

not he in terpre ted at all s ince they dif fer not only w i t h  regard

to these same processes , hut also in the amount of sy n t a c t i c

anal y sis and the amount of content information as well.

The approach generally taken to ensure that reading times

c a n  he interpreted in a theoretically usefu l way is t o  use

carefu l manipulation s th at hopefu lly affect only the process of

i n te res t  , and to use either general models that make only

d i rec t iona l  pred ic t ions , for e xample , K in tsch( 19 7 7 ) ,  or highly

specific mathematical models tailored to particular experiments ,

s u c h  as Carpenter and Just(1975). These a p p r o a c h e s are r e q u i r e d

because the extant empirically —based theories of comprehension

-ire not able to describ e comprehension processes at a ltve l of

deta i l  that  would enable the theorist  to completely d iv ide up

t h e  to tal  reading time for a sentence among the  subp rocesses .

~~~~~~~~~~~~~~ —- ~~~~~~~~~~~ -- - -
~~~~~~~~~

- -~~~~~~~~~~~ S~~~~~~~~~~~~~~~~~ 
- 
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Because of this , the fiel d is faced with an impasse in that

computerized laborator y technology and the systems of

propositional analysis of verbal materials now available (e.g.,

K in tsch , 197Z1) make it possible to collect extremely detailed

data about reading times , but conventional methods of th eorizing

can not be depended on to exploit this empirical detail to

develop general models .

In con t r a s t to conven t iona l th eor ies of’ comprehension , the

computer simulation models of comprehension and the allied r
efforts in artificial intelligence are committed to describin g

at a general level and in great detail exactly what must be done

in com pr ehens ion.  Because of this f e a t u r e , it is possi ble to

use computer simulation as a theoretical tool , to t r y ou t

different ideas about comprehension to see if they actually

work. This has enabled theorists about comprehension to account

for a wide variety of comprehension processes , ranging from the

basic level of sentence integration (Kieras , 1977), to

high— leve l schema—directed comprehension (e.g., Schank , 1978).

However , little has been done with such models as explanations

for the usual type of laborator y data. In fact , a major problem

is how such models could be tested against data. At a recent

nat iona l  co n f e r e n ce on th e ev al ua t ion of com pute r  si m u l at ions in

• psychology (Ann Arbor , August , 1975 ) the  cons ensus was tha t

although simulation s are clearly one of psychology ’s most

powerfu l theoretical tools , there is a major problem in

evaluating the empirical accuracy of’ a s im u l a t ion mo del .  There

Is s im pl y no equ iva len t  to th e s im p le , eleg ant , and rigorous

techniques familiar in the older mathematical models. Hence , as 

. 
- - ~~~~~~~~~~~~ ~~~~~~~~ 
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intere~ ting and theoretically stimulating as simulation models

are , their value in actually accounting for experimental data

remains quest ionable.

Simul at ion mo delers have  a t tem pted to cope w i th the

evaluat ion problem in several ways. Some , su ch as Newel l  an d

Simon(1972), emphasize modelling individual subjects ,

circumventing the difficult problem of inter—subject

variability, but  su f f e r in g the  p ro b lem of a lack of

generalizability. Others , such as Anderson(1 972) and

H in t z m an (1968 ) have develo ped sto chast ic simula t ions wh ich

produce noisy data similar to that of subjects , an d so can be

comp ared directly to the data by ordinary statistical

tec hniques . However , such s i m u l a t i o n s  are di f f icult  to work

with ari d expensive to run. The aritificial intelligence

technology typically used in computer simulations is much more

sui te d to mo dell i n g d eterm in ist ic processes . Other mo de l le r s

havf , in e f fec t , disclaimed trying to account for experimental

data , appa ren tly feel in g tha t  the th eore t ica l  r e tu rn  on dev isin g

a simulation is worth the ambiguity in its empirical status.

An A pp roac h to Sim u l a t i o n  Test in g

This paper makes  use of an a pp roach  to test ing a sim u l a t ion

mo del of prosE’ comprehension that enables the model to predict

reading times on individ ual sentences in simp le passages like

those in Kieras(1978). The extent to which the model succeeds

in fitting, an d t he de t a i l s  of th e f it ., a l low a com prehens i ve

eva l uat ion of the  a ccurac y of the mo del to be ma de.

________________ ~~~~~~~~~~~~~ _.S ~~~~~~~~~~~~~ — —~~-— ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~S_ . -~~~~~~~~
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The approach is a larger scale version of that used by

Carpenter and Just(1975) to fit simple constituent—testing

models of verification time to the observed mean times. Their

models contain a variable consisting of the number of

constituents to be matched. Under the assumption that each

constituent match takes a constant amount of time , the predicted

verification time Is thus a linear function of the number of

constituents. An ordinary regression line Is fitted to the

data; the slope of the line Is the coefficient of the variable ,

the time per match , and the Intercept Is the time to perform the

other , remal’ ng, components of the task . Fina l ly , the

correlation coefficient , or its square , provides a measure of

the goodne ss—of— fit of the model In terms of the percent of

variance among the observed mean time s accounted for.

The method used here is essentially the same , bu t  i n  a

m ultiv ar jate case. Again , the reading time on each sentence is

the dependent variable. The Independent , or predi ctor ,

variables are variab les whose values are supplied by the

simulati on model. That Is , the simulation model has many

diff’erent Internal processes , each of which consists of a series

of steps . The number of’ steps in the individua l processes may

vary , depending on exactly what the simulation must do In order

• t.o understa nd an individual sentence In the con tex t  of the

preceding sentences. The number of steps in each kind of

process for each Input sentence is a set of values for predictor

variables In a mul tiple regression analysi s. The results of the

regression analysis are a set of coefficients , one for each

variable , that can he interpreted as the number of seconds

U -‘ ~~~~—-~~ - - -  - - ~~~~~~~~~~~~~~ •~~~~~~~~ -~~-—- ,-~~ -.--
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required for each step in the corresponding process. As in the

simple case , t he in t e r c e pt of th e regr ession l in e is the  amount

of t ime tak en for a l l  other  pro cesses. An d also as before , the

square of the correlation coefficient gives the proportion of

variance among the mean reading times accounted for by the

regression equation , and is thus  a me asure  of th e accurac y of

the model. By examining where reading times predicted from the

regre ssion equation match and mismatch the observed reading

t imes , this overall measure of goodness—of— fit can be augmented

by the detailed conditions under which the model is a good fit

or a bad fit .

This technique has a major advantage in that a

deterministic simulation model , using the available artificial

technology , can be used to predict statistically noisy

ex per imen t a l  data . However , there are im portant logical

implications of this approach . The result ing modelling

situation is that we have not .lust a simulation model and a set

of data , but also a statistical model that provides a bridge

between the simulation and the data. Certain assumptions are

thus implied. The data are assumed to be essentially

deterministic , with the only random component being a simple

error term. Hence the psychol ogical processes are assumed to be

basically determinist ic.

More significantly, the reading times are assumed to be a

simple linear function of the variables provided by the

simulation model , with no other variables involved . If so , t hen

the equation and the logic of the regression analysis make up

--~~~~~~~~~~~-~~~- - - —U—— — -
~~~~~-



Page 13

nothing more than a statistical model linking the simulation to

the data. However , If’ in the course of building a good

regression equat ion , v a r i a b l es are i n c lu ded tha t  are n ot

directly provided by the simulation , the result is that the

statistical model has substant ive content which the simulation

falls to include. While such a situation Is not necessarily bad

in terms of the overall value of the analysis , It clearly means

that the simulation alone Is not an accurate or complete model

of the substantive features of the data.

This method was tried out with a subset of the data from

Kteras (1978); the results of this trial were reported in

Kieras (Note 7)• Two sets of reading times for individual

sentences in simple passages were used: one set was from a

coherent presentation order , the other an Incoherent order. The

re.r d ing t ime prot ’ i l es  were rather d i f ferent  for the two

pres ent atio n orders. Applying this method to fit the simulation

model (basically that of Kieras , 1977) to this small set of’ data

showed th at subs tantively different version s of the simulation

could he disting uished by their goodn ess— of— fit to the data.

The w .rst fitting version could account for only 6?~ of t h e

variance among mean reading times , the best for 8~%. However ,

these results could hardly be considered conclusive , since they

were based on only 1~4 data points , and these were extracted from

a more complicated set of reading times. Furthermore , the data

were obtaine d In a recall task; as described above , other tasks

could be expected to produce rather different patterns of

reading times.

_____ - - - ~~~~~~~~~~ ~~~~~~~~ 
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The remainder of the paper is divided into two sections.

The first describes an experiment using three different tasks

that yielded a detailed set of data on reading times In simple

passages , and the standard statistical analysis of these

results. The second section of the paper is an analysi s of the

reading times usin g the above—described method of fitting a

simulation model to the reading times. The simulation is first

describe d , followed by the results of model fitting. Since a

relatively complicated experiment , a simulation model , and the

model fitting results , all have to be descr i bed , this paper is

necessarily more complex and extensive than the usual empirical

repor t .
Ii

E X P E R I M E N T  ON READING TIM ES

The experiments in Kleras(1978) suggested that memory load

resultin g from incoherence and also the position of the main

idea at either the beginning or end of t he  passage were

important to reading time , recall , and apparent theme . Passages

in which some of the sentences could not be immediately

integrated took longer to read on those same sentences , and

demonstrated lower recall , especially on these same unintegrable

sentences. However , the results on reading time were obtained
r

only by imposing a heavy processing load on the subjects; they

were required to read and Integrate the sentences from three

simple passages at the same time . This is a rather artific ial

reading situation . As a follow— up to these results , the present

experiment was designed to produce effects on reading time as a

I
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function of presentation order with subjects reading only a

single passage . This was achieved by means of longer passages ,

wh i ch woul d impose a hi gh er memo r y loa d , and having subjects

pro du ce imme di ate  r eca l l  (see K ieras , 1978). Furthermore ,

rather than contrasting only coherent with incoherent

presentation orders , thre e l eve l s  of coheren ce were u sed. The

level of coherence was determined by following a suggestion in

Kieras(1978) and computing the average number of chunks , or

unintegrated sentences , being maintained during the reading of

each sentence. The coherence factor was crossed with the

position of the main idea sentence , which appeared at the

beginning or at the end , giving a total of six different

presentation orders. In order to assess the effects of

different reading tasks , three different task instruction

con ditions were used. These were a Recall Task of standard

i mmediate gist recall , a Topic Choice Task requ iring subjects to

choose the topic of the passage , and a Free Reading Task similar

to that used by Haviland and Clark( 19714).

Experimental Method

Materials. Twenty— four passages were used. These were

similar to those used in Kieras (1978) but had additional

sentences added for a total of eleven sentences per passage .

The passages had a propositio nal structure shown In Figure 1 ,

consisting of a centra l proposition labelled A , and two branches

elaborating on the subject noun concept(N1) and object noun

concept(N2 ) of this proposition . Logica lly, proposition A would

seem to be the ma i n idea , an d so the  T ype A sen tence  can be

termed the top ic  sentence. This is also justifiable because the I
:

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
. . .~~~~~~~~~~ - - ~~~~~~~~~~~~~~~
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type A senten ce is the most popul ar chcic~ for th e app .rrent

theme I n  the  res u l t s  In K 1 e r a s ( 1 Q 7 ~i~ and sev e ra l  unpubl ished

exp ertm en t s on .ippa rent theme In these simpl e passages .

l’he propos it t o ns  l~ , C , F • ~; , •1 , and ~ were  s t mp 1

p red t o  at  t o n s o C one o t’ the nou n concept s • and w e re  express ed t

a se n t  en~,e frame ha v i ng  the form l’h~ noun was ad lec t tve . l’he

propos it to n s A , P , F • H • and 1 consis ted of’ .1 rt ’ 1 at ion bet W t ’ef l

t w o  of ’ t h e  nouns , and a ppea red  as the sentence f rame The noun

w as re I at t o r i  the noun . The re I a ti on I n t ‘s c ’ sent ces w as

cit her an — i ug t’o rm o f a v e r b , a prepcs  it  ion • or somet imes .1

more comp lex re t a t  t on  such as w~ s a t t a c h e d  I o or w as  in I tine

w ith . l’hese more complex forms wer e used on I y for I he 1’ vpe H

and I sent ences , and on lv wh e n  necessa ry  t c pe r m t t  a rca son a h i  V

n a t  u r a  I pas sag e t o be co nat  ruot ed . Un it  Le t h e  p assa ges t ri

k i er .-~s 1’) , t h e  p rcpos it ton A sent en cc was not d i t ’ t ’er ~~~~~ n

form f rom the  other t w o— noun s e n t e n ce s ,  the verb appeared in

t h e  — r i g  Co rm , w h I oh w a s  ~ j m i t  a r t o t he c t her I w o— nour i

s e n t e n c e s .  Fa b le 1 c o n t a I n s  an ex a m p l e  pas sa ge  with th e

sen tences label led according to Fig ure  1

the d it ’ t’erent p assage present at ion or’ der s are s hcw~ i n

1’ ab le .~~~. there are three pa i r ’ s o C order’ s ; t he members of ’ each

c - a t  r dl t’t’er in whet her the  t o p i c  sentence :lppears at t h e

beg t nri I ng or at t he end . W it .  hi ii each of ’ I h es e pa i r ~ , t h ~‘

sentence or dci’ is til e nt I ca 1 expec t for t he pos it t~~n of ’ t h e  1 vpe

A sent en cc . The t h ree pairs di C fer’ In t he lev e l c t’ cohereri cc.

s how n in Fab le .‘ is a measure of ’ c oh e r e n c e  • t he av er . i g t ’ number

o t ’ chunks • or un t n t  egr at’le senten ces that hav e  been pr.ev t ou s  l v

—~~~~~~~~~~~ —- - ~~ —• - - -
~~~~~~~~~ 
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Table 1

Example of Passa ges

A .  The ant.s were eat ing the I ci ly .

11. The a n t s  were hungry. 9
C.  The t e l ly  was grape.

P. The an t s  were in t h e  kitchen.

F .  The jelly was on the  t a b le .

F. The kitchen was spot less.

The t able w a s w ood en.

H .  The k i t c h e n  was equI pped with t h e  b lender .

I. The t able w a s against. t h e  s t ov e .

J .  The blender w as w h i t e .

K . The st ov e w a s  hot .

- -



Table 2

Passage Sentence Presentation Orders

Showing Chunk s Present During Each Sentence

Coherence Topic Order Average Chunk s

H igh F irst A D B F H J C E G I K

Chunks 0 1 1 1 1 1 1 1 1 1 1 0.91

High Last D B F H J C E G I K A

Chunks 0 1 1 1 1 1 2 2 2 2 2 1. 36

M e d i u m  F i r s t  A B C H F J I G K D E

Chunks 0 1 1 1 2 2 2 3 3 3 2  1.82

M e d i u m  Last B C H F J I G K D E A

C h u n k s  0 1 2 3 3 3 II 4 14 3 2 2.64

Low F i r s t  A J K F G B C H I D E

Chunks 0 1 2 3 14 5 5 5 14 3 2 3 . 0 9

Low Last J K F G B C H I D E A

Chunks 0 1 2 3 ii 5 6 5 14 3 2 3 .18  

—— — —  —~~ — — —  ~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~ S_li. 
~~~~~~~~~~~~ 
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presented , and thus have to be maintaine d whi le reading each

sentence.  Although the position of the topic sentence in these

pass ag es  unavoidably  a f f ec t s  the coherence to some extent , the

members of each pair of orders are fa i rl y clo se i n coheren ce

level .

Design and Subjects. The task factor was between— subjects

and the two presentat ion order fac to rs  of Topic Posit ion and

Coherence were w i th in— sub jec t .  Since the orders were obtained

by simply chang ing the order of presentat ion of the passage

sentences , all 214 passages could appear in any combination of

first or last topic sentence position , and high , medium , or low

coherence. Each subject saw all of the 24 passages , which were

assigned at random to presentation order conditions for each

s ubdect  under the constra in t  that each subject  saw four passages

in each of the s ix  presentation order condit ions. Order of

appearance of the passages in the exper iment was also randomized

separately for each subject. Hen-c e the experimental

manipulation s were all within—passage man ipulation s , and

interactions of individual passages with experimental condition s

would be confounded with subject variability.

The Recall Task subjects were run first , followed by the

— Topic Choice and Free Reading Task subjects about a month later .

In the Recall Task portion of the experiment , about 140 subjects

were run individua lly, with serious equipment failures causing

partial data loss for all but 29 subjects. Only the data for

these 29 subjects was retaine d for analysis. After the

defective equipment was replaced , 30 subjects for each of the

L 4
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Topic Choice and Recall Task were run in groups of one or two ,

with alternate grou ps of subjects run in each task condition .

Subjects were Univers ity of Arizona undergr aduates of both

sexes . The subjects in the Recall Task were introductory

psychology students who received extra credit for participating,

while the Topic Choice and Free Reading subjects were recruited

through campus ads and were paid $2.00 for participating. There

is a definite possibili ty of a general motiva tional difference

between the credit and paid subjects; the extra credit subjects

appeared to be very diligent and highly motivated compared to

the paid sub jec ts .

Equipment and Procedure. A Data General MicroNOVA

laboratory computer was used to generate the randomi zed passage

sequences and to display the passages one sentence at a time and

collect reading times (Kieras , in press). Up to two subjects

coul d be run concurrently. Each subject sat in a booth at an 80

X 214 upper/lower—case Teleray video terminal driven at 9600

Bau d . The sentences a pp ear e d in the center of the scre en . When

the subject tapped the space bar , the sentence disappeared and

was replaced with the next. When the last sentence of a passage

had been read , an instruct ion appeared for the subject to

r e c a ll , wr i te a t i t l e , or to co n t inu e on to the  n e x t  pas sa ge ,

depending on the task condition . The time each sentence was

left on the screen was recorded with a grain of 1.83105 ms , the

period of the MicroNOVA ’s internal built— in real—time clock.

— S _~~ —_ 5 - ~~~
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Af te r  reading a set of Instruct ion s , the subject  read and

responded to a p rac t i ce  passage presented in an a rb i t ra ry

sentence order .  A f te r  being checked to ensure unders tand ing  of

the task , the subject wa s allowed to procede to read and respond

to the 214 exper imenta l  passag es.  The subject wrote t h e reca l l

or t i t l es  down by hand on a notepad.

Task Inst ruct ions.  The instruct ion s for the three tasks

were  intended to inform subjects  as fully as possible about the

nature  of the task  and i ts re qu irem en t s .  The R ecal l Tas k

subjects  were told that the experiment was “concerned with how

people read and remember information from simple stor ies or

paragraph s under condit ions in which there can be a lot of

information to remember for a short time .” They were warned that

“Some of the paragraphs will be presented in a way so that the

sentences may not fit together easi ly .  The sentences may seem

mixed up. Your task is to keep track of the information , and

u t .  the entire story together . Even if the paragraph seems

con fused , it always f i ts  together . Sometimes this will be easy

to do , other times it will be fairly difficult .” The

instruct ions required that the recall  be in the form of complete

sentences , but verbat im recall  was not required. Subjects were

urged not to waste  time and to avoid pausing while reading t ime

was being recorded .

The Topic Choice subjects wer e instructed similarly to the

recall subjects except that instead of recall , they were asked

to produce “a title , or a statement about the topic of the

paragrap h .” This title statement had to obey the following

-‘——‘- S.--- -- ~~~~~~~ •__.1___ .—~~~~~~~ —~~~~---— .—~~~~ - -5— —a
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rules : (1) It must nam e a person or th in g actual l y ment ione d i n

the para gra ph , rather than someth ing inferred or deduced. (2)

It must name a single person or thing ; (3) It should be a short

phrase , not a senten ce. Su bjects were ur ged not to waste t ime

as  describe d above.

Because of the lack of the d eman d in the Free Rea di n g Tas k ,

the instru ct ions for th is con di t ion wer e carefu ll y p re pare d .

The Free Reading subjects were told that “the experiment

con cern ed the am ount of t ime it ta kes to un ders tan d ea ch

sentence ... For this experiment to work , it is very import ant

t h at t he t ime you leave each senten ce on the screen is an

accurate reflection of how long It actually takes you to

understand it. . . . read and think about each sentence long

enou gh to un d e r s t an d i t , an d understand how It fits into the

com p lete para gra ph . But do not spen d an y lon ger on t h e

senten ce. Es pec iall y do not try to memo r ize the sent en ces .

This is NOT a memory experiment . You will not be tested on what

you reme m ber .  . . . so as you rea d each sen ten ce , as soon as you

fee l that y ou fu l l y  un ders tan d i ts mean in g , an d how it re lates

to t he ot h er sentences in the para gra ph , immediately tap the

space bar and go on to the next sentence. ”

Ex per imental Resu l t s

The data were first subjected to a set of standard

stat i st ica l ana l y ses to conf i rm t hat the ex per imen tal

man ipula ti ons w ere e f fec ti ve an d t hat the bas ic data use d i n t he

simulation analyses were reliable. The results under these

______ - ~~~~~~~~~~~~~ ___________
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standard analyses will not be given any detailed discussion here

since the simulation analysis is able to provide a more

comprehensive and theoretica lly motivated account.

Reca ll Task Recall Results. The recall protocols were

— scored blind for gist reproduction of the presented sentence

proposition s, as describe d in Kieras(1978). The recall

proportion was computed for each of the eleven proposition types

in the six presentation order conditions for each of the 29

subjects , collapsing across passages , thus yielding 66 data

points per subject. The mean proportion s of recall are shown In

Table 3. These data were subjected to a 2 X 3 X 11

within— subjects ANOVA in which Topic Sentence Position ,

Coherence Level , an d Pro pos it ion T ype were fa c t or s .  The overa l l

m ean proportion of recall was .614 . Recall was higher for topic

sentence appearing first , .67, than for topic sentence appearing

last , .62, (F(1 ,28)~~17.O14 , p< .01). Recall declined as coherence

declined , being .71 , . 6 5 ,  an d .58 , for high , medium , an d low

coherence , respectively (F(2,56)~~38.13, p< .O1). The proposition

types differed in level of recall (F(10 ,280)-~25.57, p< .01).

Proposition A was recalled best , followed by the linking

proposition s D and E , with all others having roughly similar

levels of recall.

I n t e r act ions app eare d between Coheren ce an d Pro pos i t ion r

Type (F(2O ,560)~ 2 .13, p< .01), Topic Position and Proposition

Type (F(10 ,280)=2.08, p< .05), an d Co h erence , Topic Position , and

Proposition Type (F(20 ,56)=2.77, p<.O1) . These interactions ,

especially the three—way interaction , show that r ecal l  for 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~ 
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Table 3

Mean Proportion of Recall for Each Sentence Type

Condition Two—Noun Sentences One—Noun Sentences

Coherence Topic A D E H I B C F G J K

High First .86 .82 .814 .72 .714 .64 .76 .72 .66 .71 .78

Hiçh Last .92 .81 .78 .66 .59 .60 .59 .71 .53 .57 .59

Medium First .85 .76 .81 .67 .59 .66 .67 .60 .149 .65 .55

Medium Last .82 .76 .66 .68 .57 .70 .56 .57 .41 .60 .53

Low First .76 .73 .80 .52 .58 .60 .63 .52 .46 .43 .140

Low Last .78 .6 3  .72 .59 .56 .38 .148 .52 .48 .63 .51

Note. The MSE for these means is .04145.
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indiv idual  proposit ions was d i f fe ren t ia l ly  a f fec ted  by

presentation order , confirming that the presentation order

manipulat ion s were e f f e c t i v e .

Topic Choice Results. The topic choices were scored blind

for verbatim or synonymous reproduction of one of the six nouns

f rom the presented passages . The distribution of choices is

s h o w n  i n  T a b l e  14 , where the labels Ni through N6 correspond to

those in Figure 1 . About 20% of the responses were scored as

“other ” in that they mentioned more than one noun , or n o u n s  th at

were generalizations , such as a label for a standard situation

described in the passage. These responses wer e essentially

schema labels , but will not be discussed further here. As a

simple check on whether the pattern of topic choices in Table 14

depends on the presentation order , a chi— square statistic was

computed in which the null hypothesis was th at Coherence Level ,

Topic Sentence Position , and Topic Choice were independent

factors. The departure from mutual independence wa~ significant

(X?(32)~ 50.1414, p< .05), showing as above , that the subjects ’

responses were differentially affected by the presentation

orders , meaning that the order manipulations were also effective

in the Topic Choice Task .

Reading Times.  The data of pr imary interest , the reading

time s , were co l lapsed for each subject across the four passages

in each condit ion to yield a set of 11 reading times for each
sub jec t , one for each sentence type , in each of the s ix

present ion order condi t ions. The mean reading t imes for the

three tasks  are shown in Tables 5, 6 , and 7. To show that the

- ~ —~~~-‘
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Ta b le 14

Distribution of Topic Choices of Each Noun

Coherence Topic Ni N2 N3 N4 N5 N6 Other

H i g h  First .141 .23 .08 .08 .00 .00 .20

High Last .46 .18 .07 .02 .03 .02 .22

Medium F i rs t  . -‘48 .18 .02 .10 .02 .01 .20

Medium Last .5 3  .13  . 0 6  .07  .03  . 0 2  .17

Low First .50 .16 .06 .08 .02 .01 .18

Low Last .35 .13 . 1 2  .10 .08 .02 .22

-E
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experimental manipulation s had effects on reading timer , the

data from each task were subjected to separate ANOVAs .

The Recall Task reading times had a grand mean of 3.802

seconds , and showed no significant main effects of Coherence

(p)- .1) , or Topic Position(E< i). Proposition Type did have a

significant main effect(F(10 ,280):7.-119,p .O1). The presence of

interaction s between presentation order conditions and

Proposit ion Type ind ica tes  th at the presentation conditions did

in f luence reading time on individual sentence types .

Proposition Type interacted with Coherence (F(20 ,560)~~1.97,

p<. O~ ), Topic Position (F(10 ,280)~ 2.56 , p<.0 1), and with both

Coherence and Topic Sentence Position (F(20 ,560)~~1 .7 5 , p<.O5).

The Topic Choice reading times had a grand mean of 1.817

seconds , and showed significant effects uf Coherence

(F( .~,58)~~7 .04 , p<.O 1 ) in which the lower the coherence , the

longer the reading time . The topic sentence appearing first

produced shorter reading times than if it  a p p e a r e d  l a s t

(E(1~~’9)~~L25, P<.05). Proposition Type was significant

(~~(1O ,?8O):20.142, p<.O i). The three—way interaction was not

signi f icant  ( p > . 1)  but Proposit ion Type in teracted w i t h

Coherence ( F(20 ,58 0 ) - ~2 . 7 1 , p< .O l )  and wi th Topic Posi t ion

(F( 1O ,29O )~~3 .6 8 , p < .O i )  .

The Free Reading Task reading times had a grand mean of

1.525 seconds. Lower coherence was again associated with longer

reading time s (F(2 ,58):36.87, p (.01), but Topic Position had no

effect (F<i). Proposition Type was significant (F(1O ,290):

143.?0 , p<.0i). Coherence and Topic Position interacted

— —  ~~~~~~~~~~~~ - — 
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Ta ble 5

Mean Readin g Time of Each Sentence

in Each Presentation Order In the Free Reading Task

Sentence High Coherence Medium Coherence Low Coherence

Ty pe

Topic Topic Topic Topic Topic Topic

F irst Last F irst Last F irst Las t

A 1.873 1.533 1.776 1.658 1.814 1 1.6214

B 1 . 29 5  1 . 2 2 0  1 . 2 7 0  1 .4 7 6  1 .4 5 4  1 .5 04

C 1.32 0  1 .3 2 3  1 .2 6 1  1 .4 2 5  1 .3 8 8  1 . 5 8 5

D 1.607 1.731 1.597 1.6714 1.689 1.703

E 1.590 1.1477 1.570 1.651 1.585 1.621

F 1. 1104 1 . 18 3  1 . 2 6 1  1 .3 72  1 . 5 2 5  1 . 6 9 0

G 1 .3 50  1 . 2 5 0  1 . 296  1 .3 3 7  1 . 5 27  1 .5 8 2

H 1.630 1.529 1.755 1.809 1.707 1.802

I 1.5140 1.4143 1.770 1.816 1 .711 1.787

J 1.380 1.221 1.319 1.352 1.571 1.644

K 1 .4 1 0  1 .3 1 0  1 .3 6 1  1 .3 96  1 . 5 9 2  1 . 6 5 9

Note. The MSE for these means is .0444.
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Ta b le 6

Mean Reading Time s for Each Sentence

in Each Presentation Order in the Topic Choice Task

Sentence High Coheren ce Me di um Co herence Low Co h eren ce

Type

Topic Topic Topic Topic Topic Topic

First Last First Last First Last

A 2.7147 2 .3 45 2 . 4 1 1  2.0714 2.1479 2.301

B 1 .3 9 3  1 . 5 27  1 .4 3 7  1 .8 1 40  1 .7 0 11 1 . 6 67

C 1 . 5 09  1 . 6 148 1 .4 4 0  1 . 7 1 2  1 . 5 23  1 . 6 29

D 1 .7 9 7  2 . 24 6  1 .9 94  1 .9 8 8  2 . 1 9 0  2 . 2 77

E 1 .7 7 8  1 .7 3 9  2 .09 14 2 . 07 6  1 . 9 3 1  2 . 0 27

F 1.4 37 1.601 1. 1186 1.525 1.654 1.6 92

G 1.553 1.534 1.477 1.54 5 1.719 1 .611

H 1.771 1.782 2.0014 2.088 2.039 2.351

I 1.806 1.787 1.9211 2.003 1.960 1.9611

J 1 . 5 0 9  1 .5 0 9  1 . 5 0 8  1 . 6 0 5  1 .7 4 3  1 .94 9

K 1.622 1 .711 1.6147 1.6611 1.848 1.752

Note. The MSE for these means is .2261.
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Table 7

Mean Re adi n g T imes for Eac h Sentence

in Eac h Presenta t ion  Or der in the Re ca l l Task

Sentence High Coherence Medium Coherence Low Coherence

Type

Topic Topic Topic Topic Topic Topic

F irst Last F irst Last F irst Last

A 4.14711 3.7140 44.593 3.259 4.780 3.965

B 3.14214 2.780 3.290 3.562 3.1400 14.289

C 3.409 3.397 3 .6114 3.388 3.1455 14.136

D 3.686 14.263 4.085 3.6314 3.8111 3.9117

E 11 . 1 14 1  3 .572 3 .818 3 .370 3 .365  3 .938

F 3.974 3.555 3.603 3.237 3.788 14.503

G 3.356 3.218 3.0115 3 .117 14.015 14 .115?

H 14.122 14.967 14.720 11.856 14.106 14 .1483

I 3.672 3.670 11.307 11.380 3.882 14.298

J 3.823 3.876 3.790 3.676 3.1156
r

K 3.019 3.225 3.490 3.283 3.752 3.9148

Note. The MSE for these means is 1.127 .

b
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4 .C~Q , p~~.O”’). Proposition Type interacted with

C herence ( F( ~O , ‘-~~0) ~f . , p< .01) , wi th  Top Ic Pc-s it ion

(~
.‘ ( 10 .~~Q~

1\
~~5 .R 1 , p’~.0 l )  , and marg ina l ly  w i t h  both Co heren ce  and

Tc- r ic r os i  t ic- n (F ( ?O ,580) 1 .~~117 , . O 5<p< . 10’)

f l i scuss ion of Exper imenta l  Resul ts

1’he ~t anda rd da ta  ana lyses .ire intended only to show tha t

t h e  e x r e r i m e n t a l  manipulat ion s produced reasonable  e f f e c t s  in

t h e  re .idin~-’ t imes , w i t h  add i t iona l  con f i rma t ion  prov ided by the

•~f f e c t s  on reca l l  and topic choice in two of the t a s k s .  The

- ‘ ic-st i zener i l  ind icat ion that the p resen ta t ion  order

‘~~n i:~u l ,~t ion s were effective appears in t h e  m a ns - si~~n i t ’ ica n t

i n te r i c t i o n s of Proposi t ion Type w i th  one or both pres en t a t i on

f a c t o r s .  These show that the reading t ime , apparent  top ic , a n d

rer .ill c - f  the very same passag e sentences d i f f e r s  w i t h  the or d e r

in whi ch they appear in the passage . The recall and t opic

c h c - ic~ e f f e c t s  ~ire comparable to the corresponding effects

reported in Kiera s (Note 1 ; 1978) and so w i l l  not be d i sc u s s e d

- m v  f u r t h er  here because the reading times are of primar y

intere st in this paper.

c- vt’rall , the Recall Task by far produced the  longest and

most variable reading times. As would he expected , the Free . I
Reading task produced the smallest and least variable readi nR

t imes . The Topic Choice Task reading times were only slightl y

slower md more variable than the Free Reading times. Hence in

terms of overall reading time , the Fr ee Reading and T o p i c  C ho i c e

Tasks are very similar , with the Recall Task being markedly

H
-‘ -- -. ~~~~~~~

. - - -~~ -
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di f f e r e n t .

tn terms of the reading t imes for each se ntence , the means

in Tables 5 , 6 , and 7 present no eas i ly  d iscernab le  pat tern .

While many d i f fe rences can be pointed out and discussed by

piece—meal comparisons , conventional ways of looking at results

of such detail and complexity produce no coherent theoretical

conclusions. The simulation analysis reported next is able to

provide a comprehensive account of the pattern of readin g times

in the three tasks.

SIMULATION ANALYSIS

The original goa l in developing the simulation model was to

exp lore I n  some detai l the processes th at would have to he

involved in sentence Integration . The model would have to

understand given and new re ferences co r rec t l y ,  so t h a t , a f t e r  a

s e r i e s  of s e n t e n c e s  w e r e  r ead  i n , the model would have in memory

an Integrated representat ion of the passage content. In order

to dev ise  the model , theoret ical  ideas had to be developed on

the function of noun phrases , the use of long—t erm memory

information during integration , and how the processing of each

sentence should take Into account the context supplied by the

previous sentences .  An important step was assig ning the passa ge

topic the specific role of acting as a summary of the passage

context. Throughout the simulation , certain popular

pre—ex isting Ideas about language processing were used , such as

current notion s about memory representation s , memory search , and —

sentence parsing. This means that what is being tested

_ _ _ _ _ _   

_ _ _ _ _- 5-- - - - — - 5
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empirically in this work are some of the commonly held notions

about how language might be processed.

The simulation model was not originally intended to be used

to model experimental data at the quantitative level. Rather it

was developed to meet the informal , loose criteria for accuracy

and plausibility commonly used in simulation work. That is , the

model had to behave in an apparently realistic manner by

understanding a variety of sentence and text forms , and operate

using psycholo gically plausible mechanisms. Although this

criterion is only loosely stated , in practice it is very hard to

meet because the model is required to behave appropriately for a

very wide range of linguistic inputs , a much wider range than is

usually addressed by conventional psychological theories of

l anguage processing. Hence , althou gh the mo del was not

orig inal ly intended to be subjected to the formal quant i ta t ive

test that is the subject of this paper , it nonetheless had to

g ive the appearance of realism by meeting many of the

requirements involved in actually processing prose .

Descript ion of’ the Simulation Model

Rather than indulge in a full presentat ion of the

simulation here , t h e  reader is referred to the description in

Kieras(1977). Only some of the most important propert ies of the

simulation will be descr ibe d here. Since , as mentioned above ,

the simulation is used to produce numeric variables ref lect ing

the amount of processing, the  em phas is in t he  fol low i n g

description will be on the mechanisms in the simulation relevant —

to t hese v a r i a b les .

5—— — -5..- ~~~~~_~5~~~~~~55 - — -5 ~,a___ 
~~~~~~~~~~~~~
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In  b r i e f , the simulat ion model is a large computer program ,

written in the LISP programming language , that accepts connected

di scourse a s in put , one sentence at a time . Using a set of

text— and sentence— grammar rules , it identifies the given— new

structure in the Input sentence. It then searches memory for

the representation s of the given referents , and after finding

them , attache s to them the structure representing the new

information . A broad set of kinds of given and new referents

can be handled by the model.

At the current stage of th eory in cognitive psychology and

artificial intelligence , any model of language processing will

be severe ly  l imited. This model is no except ion . Some

obviously important aspects of language , such as verb phrase

s t r u c t u r e, were essent ia l ly  ign ored. For the purposes of the

work describe d in this paper , an even simpler model would have

sufficed. The simple passages simply do not require much in the

way of grammatical or semantic analysis. Thus , much of the

machinery in the model descr i bed in Kieras (1977) was not

actually used in processing the passages for this work.

Howe ver , there is nothing in the structure of the model itself

th at would definitely prevent the extension of this work t~ more

complicated sentences and passages.

Memory Representations. The memory representation s are

basi cal l y a mo di f ie d version of HAM memor y st ructures  (An de rs on - -

% Bower , 1973), being most similar to HAM2 and ACT

re presentat i ons (An ders on , 1 975 , 1976). These are semantic

networ k re p re sen tat ions , consisting of nodes interconnected with 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
~- - . -- ~~~~~~~~-— -5— --—..— - - - — - 5 - —
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l i nks .  A natura l  way to quan t i f y  the amount of memory s t ruc tu re

in such a representa t ion  is to simply count the number of l inks

in it . This measure is used in the w ork repor ted here.  The

f iner  d e t a i l s  of the network s t ruc ture  are not important in the

present  c o n t e x t , and so wi l l  not be d iscussed here.

L n  imp -’ r t a n t  p r c - p e r t y  of the representat ion s that can be

iust  i f i e  I -~n l in~ u~ s t ic  grounds ( Bach , 1968 )  is that the main

nc - un c- 1 a s s  ~t . ~ e r - ~ - 1 n  of the re fe ren t  of a noun phrase is

r e p r e s e nt  e~1 t v  ~ s e n i r i t  e proposi t ion , rather than by a spec ia l

link t y p e  -~~~~ in Anderson and Bower ’ s HAM (see Anderson , 19 72 ,

1Q~~~~. Hence the sentence The ants were  hungry would consist  of

t w o  p ropos i t ions , one being X is ants , which def ines the main

c lass  membership of X , the other X is hungry. L ikewise , a

sentence such as The ants ate the jel ly would consist  of three

propos i t ions X is ants , Y is je l ly ,  and X ate Y .

This decis ion on how to represent  the content of noun

phras es  is important , espec ia l ly  in regard to how the

g i v e n — n e w n e s s  of a re ferent  is to be represented.  If a re fe ren t

is g iven , then the. proposit ion def in ing its main c lass

membership does not have to be built;  if it is new , then th is

proposi t ion must be cons t ruc ted .  For example , if The ants is

g iven in The ants are hungry, then only the X is hungry

proposi t ion must be const ruc ted.  While there are certainly

other ways  in which the g iven —new s ta tus of a referent  might be

represented , this one has the advantage that the given—newness

is represented in terms of propositions , and is thus homogenous

in representat ion wi th  the rest of the sentence content .
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Another im portant property of the representation s has to do

with the nature of the proposit ions. Using the above examples ,

the representation for the proposition X is hungry is simpler

than that of the proposition X ate Y .  The first requires only

the Subject—Predicate pair of links; the second requires two

more links to make up the Relat ion—Object  form of predicate.

Hence , this representation system requires more structure to

represent sub jec t —v erb—objec t  sentences th an simple

sub jec t— ad jec t i ve  sentences.

This H A M — l i k e  sy stem ma y be constrast ed with th at of

Kintsch(197’4). First of all , in K int s ch’ s re pr e sen t a t ion s,

re ferents wh ich a ppear as ar gumen ts in p ro pos it ions are not

separately defined by other proposition s (But see Kintsch ,

Koz m insky ,  Streby , McKoon , & Keenan , 1975). Hence , the

given— new differences would have to be represented in some other

wa y besi des a simple d i f f e rence  in num ber of p ro positi ons .

Fur t h ermore , in the  K i n t s oh  systems , the  “fine structure ” of

proposition s is not defined , as in the semant ic network mod el s .

Thus , the Subject—Verb—Object and Subject—Adjective sentence

forms both appear as on unit proposition , suc h as (HUN G RY ,ANTS )

an d (ATE , ANTS , JELLY ). Here the difference between the two

ki n ds of p r opos it ions coul d be me asu re d i n t e rms  of di f f e r e n ces

in num ber of arguments ; however , t hi s measure wou ld ha ve to be [
distinguished from the given—newness of each argument . The

HAM— like system used in the simulation simply expresses all of

these di f f e rences  in referents  an d pro pos it ional form in terms

of th e num ber of l i nks re quire d for the p ro pos it ional s t ru cture .
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It must not be though t that some things are possible in the

HAM — l i ke r~’presentations that are not possible in the Kintsch

repre sent ition s . Wh i le there are some problems with the Kint sch

representation s, due to the fact that they are not a thoroughly

f o rma l i zed  sys tem , we know that representat ion systems can not

be d is t ingu ished empi r ica l ly,  as long as they can both minimal ly

adequate to the representa t iona l  demands of the model (Anderson ,

1976 , 1978; Kieras , Note 3 ) .  The HAM— like representati~-n s are

used in the model because of their greater suitability to a

simulation , and because of thei r property of reducing sentence

content and referent definitions to a uniforml y quantifiable

variable , namely, the number of links ti- at have to be

const ructed.

P a r s i n g .  The next portion of the s imulat ion to be

discussed is the parsing mechanism and its system for

representing grammatical rules. The parser is a simple form of

Augmented Transi t ion Network (ATN )  parser . ~) iscuss ion of ATN

parsers in general can he found in Woods(1970), Ander son(1976 ),

Rumelhart (1977), and of the parser used here in Kieras( 1977).

In brief , an ATN parser consists of a network representing

grammatical parsing rules , and a program which uses the network

to analyze a sentence. The ATN consists of nodes , which

represent states of the parse , and directed links between the

nodes which represent possible transition s between the parsing

states. Each link consists of a condition , such as a test on

the pi n t of speech of the current word In the sentence , which if

sat i sfied , allows a transit ion to the next state. An action

_______________ — - 4_ _ - -~~~~~~ - - 5 -~~~~ - —~~~ -- — — —~~~~~~~~~~~~ — -- ~~ — - - ~~~~- — ~~~~~~~~~~~—— — -5 - - -—~~~~~—~~~~~~~~ — —~~~~~~~ 
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associated with the link Is performed if the transition Is made.

This action can consist of activities such as building memory

st ructure , advancin g to the next word in the sentence , or sav i n g

the meaning of the current word in a l is t .  In process ing  a

s e n t e n c e, the ATN parser works  through the sentence In a

left— to— right sequential fashion , and attempts to find a

complete path through the parsing network. The actions done

along the way result In memory searches for given re ferents , a n d

the construct i on of new memory structure to represent the new

Informat ion In the sentence.  In the simulation model , ATN s are

used to represent both the rules for parsing sentences and the

rules for the s t ruc ture  of the passage as a whole , although s o

f a r , the text— grammars have been extremely simple (see Kieras ,

1977 1 .

The advantage of the ATN approach to sentence p ars ing is

that not only is it easy to use from a programming s tandpo in t

h u t  It  a l s o  a d m i t s  of’ a simple quantification . Namely, t he

number of ATN l inks cross ed In pars ing the sentence , thot is ,

the number of t rans i t ions made , is a simple and natural measure

of the amount of processing required to analyze the sentence.

P if fe r e noes  In sentence s t ructure show up as d i f f e rences  in the

number of’ ATN t rans i t ions .  However , differen ces In memory

search or representat ion s do not show up here , because t h i s

process ing Is done by the other parts of the system .

Memory Search. Another portion of the model that re~ til ”e s

discussion Is the system for memory search. The model uses

spre ading activa tion to Identify relevant inform ation in me mo r y ,

- - - - -~~~~~---- —---- 5- - 5 5 -  —~~~~~_ --_— _ — — .----— — —.-- —5-_——--— —- - _---—-——-—.
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.ind t- hen ~ioe s -i n ex am nat i on of’ spec if Ic - parts o V t h ,it

i nformat . ic -n t o meet a part icu lar need .  This appro ach to m emo r y

search is based on the general ideas in Qu lllla n( 1Q~)8. 1969),

C c - l i  ins  and t . cftus( 197~~1 , and An derson(  1-)7h 1 . A s p re a d i n g

ac t  i va t  ion ~~~~~ c o n s is t s  of a b r e a d t h — f i r s t  pa r a l l e l  search ,

st i n t in~ f ro m  ~i set of  act Ivat ion so urces  w h ic h  are nodes in t h e

memory net work , and look i n~ for some path in t h e  ne twork  whc i  h

connects a ll c-f the sources together . The mech anics of the

sea r . c h c o n s i s t  of a simu l at-ed  para 11 ci process of ’ t a g g ing nodes

wit. h the name o V t.h ci r activ ation source. A compi et e round of

a~’,g i n~ is c - a l  led an ac t  iv at  ion c y c l e .  Wh en all nodes d irectly

c o n n e c t e d  w i t h  the source have been tagged , the next  cycle t a~~s

.ml 1 nodes di rec t ly  connected to the last  — t a g g e d  nc-des , and s o

t’ort - h . ~ventu a l  ly a node gets tagged from al l  sources , and t his

node l ies  on the path of i n t e rs e ct i o n  be t w e e n  a l l  t h e  sou rces .

The sea rc h is terminated if’ too many c y c l e s , as spec i f ied  by a

er m i n a t ton c r ite r ion  , occur wi thout  an in te rsec t -  ic-n

In t e r m s  of process ing  ca pac lt.y , the act  i v i t  ion p roce ss  c - i n

he c i t- her u n l  irni ted , mean I a ~~ t hat- al l nodes di nec -  t lv c-c - n nec t  t ’ d

o cu r r e n t  1 y act lye nodes are t agged , or l im i ted , in wh I c-h on I y

a cert ai n number of’ nodes ca n be t .agged in eac h c y c l e .  The

~ 
j 1y ~~ I version ( Ki eras , 19 77 )  was unl lmi t - ed in ac t i  v a t  ion

ca p ac ity. The work descr ibe d in K ie r . m s i No t e  :1 led to the

dt ’ ye 1 opme at c - f . a 11 mi teil c- apac - It y a c - t i  v a t i o n  process , wh I c-h

appeare d  t o  be more e m p i r i c - a l l y  ac c u r a t e .  This p rocess  has an

add i t  I c - n i I parameter  best  des the t e rm in a t i o n  c r i t er i o n , wh i  c-h is

the t o t - a l  A c t i v a t i o n  capac i t y  per cy c l e .  The t w o  pa ramete rs  are

s i m p l y  set t o  a co nven ien t  v a lue  t.h at -ill ows a 11 of the des i red

a
—— - 5 - - -  ~~~~~~~~~
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memory searches to be successful.

In terms of quantifiable measures of processing, each cycle

can be assume d t o t ake a fi xe d amount of t ime , since it is

associated with a fixed amount of tagging work. On the other

hand , tagging a node could take a fixed amount of time , and so

the memory search time could be a function of the number of

nodes that had to be tagged . Both the number of cycles and the

number of nodes tagged can be easily counted. But , in the work

reported here , these two variables turned out not to be very

i m port an t .

One more quantifiable aspect of the memory search process

is the number of activation sources. The more sources competing

for the limited activation capacity, the longer It takes to find

an intersec tion . However , this measure of memory search

processing is closely connected with assumptions concerning

which nodes are chosen for activation sources and how they are

kept track of during reading. That is , a centra l part of the

work originally done with the simulation was a study of how the

topic of a passage could be used to guide memory search. This

was done by simply including the node representing the passage

topic in the list of activation sources for all memory searches ,

so that the search would “a u t o m a t i c a l l y ” unc over i nformat ion

r el evant  In  th e context  of the passa ge to p i c . Hence , the

activation sources were the concept s mentioned in the noun

phrase being processed , together with the topic of the passage .

Norma l ly , the topic was taken to be the subject of the sentence

introducing the passage . 

~~~~~~~~~~~~ -~~~~~~ - -~~~~~- - - - - -  - —~~~~~~~~~~~ - -~~ ~~~~~~~~~~~
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Experiment Version of the Model. In order to enable the

simulation model to process the passages in experiments like

those in Kieras(1978) and In this paper , certain additions to

the simulat ion ’ s grammar rules had to be made. First of all ,

most exper iments using simple sentences use only the de f in i te

determiner , the. The simulation ’s grammar for definite noun

phrases had to be altered to take into account that If a

def in i te  reference could not be resolved , it should be t rea ted

as a re fe rence to a new ob j ec t .

A more profound change was made in the tex t  grammar to

enable the simulation to respond to incoherent passages .  The

change was that if an incoherent sentence is encountered , t h e

topic of the sentence , normally assumed to be the subject  noun

phrase referent , is added to a list of top ics .  In a coherent

p a s s a g e , all sentences can be connected to the topic of the

f i r s t ;  hence the topic list never conta ins more than one to p i c .

H o w e v e r , in an incoherent passage , a topic w i l l  be added t-o the

list for each sentence that can not be i n teg ra ted ;  as the

passage is read further , sentences that tie together some of’ the

previous ly disconnected content result in topi c - s being deleted

from the topi c l ist. In the passages used here , and in

K ie ras ( 19 78) , all of’ the init ial ly unintegrable sentences wer e

t ied together by the end of the passage , leav ing  only one f i nal

top i c -  in the l is t .

Since the passage topic is used as an a c t i v a t i o n  s o u r c e ,

incoherent passages , wi th their multiple top ics , r e s u l t  in

mu l t i t — l e activation sources being used dur ing sentence
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processing. It is assumed , although not explicitly represented

i n t he  sim u l a t ion , that the to pi c l i st is ke p t i n the stan d ar d

short—term memo ry with limited capacity and short retention time

(see discussion in Kieras , 1978) .

Model Fi t ting R e s u l t s

The first step in f i t ting the simulation model was to

obta in  from the simulation the processing var iable values for

each sentence in each presentat ion order.  In this work , t h e

simulat ion makes no use of spec i f ic  word meanings; hence it was

not necesssary to have the simulation process each of the actual

passages used in the experiment , since these d i f fe red  only in

the spec i f i c  content  words used . Instead , a vers ion of the

sentences was prepared in which the content words were replaced

by symbols representing a proto typ ica l  passage . So , f o r

example , the Type A sentences were represented by the sentence

T H E  N i  WAS R E L A  THE N2 , and the Type B sentences by the s e n t e n ce

THE N i  WAS A D J B , in which the symbols correspond to the labels

In Figure 1. This set of symbol ic prototype sentences was

presented to the simulation in the s ix  d i f fe rent  presentation

orders. The simulation provided a list of values for the

processing variables for each sentence in each presentation

or de r .  These var i a b les , which were discussed above , are listed

an d defined for quick reference in Table 8. An example of the

simulation output trace during processing a sentence is shown in

Figure 2.
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Ta b le 8

Predictor Variables Used in the Simulation Analyses

Var ia b les Su pp l ie d by the Simulat ion Model

TRANSITS Num ber of ATN links crossed in parsing the

sentence.

LINKS Num ber of one—way HAM links built to represent the

sentence content.

TOPI CS Num ber of topic po in ters  bein g ma inta i ne d an d use d

for  ac tiv at ion sources  in a l l  memo r y searches  done

wh ile p rocess in g t he senten ce.

CYCLES Number of cycles of spreading activation required

for a l l  memo r y searches done whi le  p roce ss in g the

sentence.

TAGGED Num ber of memor y no des ta gged , or a ct ivate d ,

dur in g a l l memo r y searches re qu ire d to p roce ss th e

sen tence .

Variables Added to the Statistical Model

MTASK The constant  e f fec t  of bein g in t h e Re cal l Tas k.

TTA SK The constant e f fec t  of be in g i n the To pi c Cho ice

Task.

M L I N K S  The number of one—way HAM links being encoded

wh i le proce ssin g the sentence for later recal l  in

the Rec all  Task.

FIR STA The constant effect of processing a highly

thematic sentence in the Topic Choice Task.

5-— ~~~~~~~~~~~~ — - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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) pSE ARCH Wi $ FROM £N5 WITH ((SPRED ~RZ ~N5) (SNUM *R2 1))) - —

C R E A T E  THE UNKNOWN OBJECT USING ((SPRED *R2 ~N 5) (SNUM •R2 1))
SBU ILD ((SPRED *R2 ~N5) (SNUM •R2 1)))
60466 HAS BEEN C R E A T E D )  -- - - -  —-  - — - - - - - -  - -

58U110 ((SPRED 60448 $NO) (SRE I *N0 1~RE1H ) ~U ARG sNO 60466)))
>>> TRAN S ITS ,ITM LIN K S ,W M LINKS 37 0 13 )

(RFS CYCLES , TAGGINGS , HISTOR Y 3 17 (0 8 4 0
NU M B E R  OF TOPICS IS 1)— - - -  -  - - - -

INPUT OF (60446 ) COHERENT WITH (60446))
N~~W *TOP ICS (60446)) 

S A D J J ) ) )INPUT s (C2 J 3.8760000 (THE N5 WA
A C T I V A T E  FROM (60446 ~N5 ) )CCXC ( - - -

SEARCH WM FROM ~N5 WITH ((SPRED *R0 ~N5 ) (SNUM *R0 1)))
(INDIV 60466 FOUND NIL R E M A I N S )
TOPIC— G0466)
S~~U ILD ((SPRED 60466 EADJJ )) )  -

>>> TRAN SITS ,ITM IINK S ,WM LINKS 20 0 4) — - - 
-

(RFS CYCLES , AGG INGS, HISTORY 2 15 (0 8 ~~~ r.(NUMBER OF TOPICS IS 1)
(I NPUT OF (60446) COHERENT WITH (60446)) - -

(NEW sTOP ICS 1 60446))-.-- --  -

sentences in the High Coherence Topic Last condition . The first sentence sho~~ is

Figure 
~~~. Excerpt from the simulation output trace , showing the processing of two

sentence H , which required 37 TRANSITS and 13 LINKS to process. The second sent enceIs sentence J , which required 20 T~~NSITS and 1~ LINKS .

.
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These v ar ia b les com pr is ed the bas ic  set of pre di ctor

var i a b les in t h e mul t ip le re gress ion an alyses , with certain

other variables being added during the building of the

stat i sti cal model . Thes e a ddi t ional var ia b les , also shown i n

Table 8, were not in fa ct ex pl ic it l y re p r esente d i n the

simulation , but are substant ive features  of the stat ist i cal

model. The dependent variable in the analyses was the mean

reading times for each sentence type in each presentation order

fo r  the th ree t a sks , collapsed across subjects and passages .

These are the means shown above in Tables 5, 6, and 7.

The re gress ion anal yses were con ducte d us in g th e ste pw ise

multiple regression program , BMDO 2R , in which variables are

added to the prediction equation in descending order of their

contr ib ut ion towar d account in g for var iance  in the de pen dent

var iable. As with any multiple regression analysis , decision s

had to be made about which and how many variables should be

allowe d into the regression equation . Three criteria were used:

(1) Although many variables could be defined , as few var i a b les

as possible were tried , cons is tent w i th the qual i t y of the fi t

and the theoretical interpret ability of the resulting equat ions.

(2) Ea ch var ia b le allowe d i n th e equation must have ma d e a

significant , at the .05 level , contr ib ution to the total

va r iance accounte d fo r .  ( 3 )  Since some of the s imula t ion r

processing variables ten d to be correlated (see Kieras , Note 2),

somet ime s suppression (Cohen & Cohen , 1975) can occur , in which

one of the variabl es acts to suppress some of the variabili t y

present in another . In the relevant form of suppression , a new

variable enter s the equation with a negative coefficient.

5- —5- -~~~~~~~~~ -~~~~~~~- —- -
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Because the simulation process ing steps must all take positive

amounts of time , such a variable can not be permitted in the

equa ti on.  Un der t hese cr it er ia , t he ste pw ise p ro cess was

t e rm in a t e d wh en addi t iona l var ia b les e i t h e r  ma d e no sig n i f i can t

contribution , or resu lted in suppression with negative

coeff icients . Hen ce th e re gres si on eq uat ions to be r eport ed are

all theoretically defensible and statistically predictive .

The model fitting analyses were conducted in three steps.

The first was to fit the simulation model to the individual

reading tasks. The second was to build a good regression

equation for all three tasks together. The third was to

contrast the simulation variables with a theoretically empty,

but empirically meanin gfu l variab le , the num ber of wor d s in t h e

senten ce.  Th is ste p p rov id es a measure of t h e value  of t he

simulation compared to models th at are considerably less

deta i le d i n term s of p ro cesses .

Single Task F i t s .  The multiple regression analysis was

applied separately to the reading times for each task , but using

the same set of values for the simulation processing var iab les .

A summary of the analyses for the three tasks appears in Table

9, showing the order of entry of each variable , R2 , and the

final regression equation . The criteria discussed above r
govern ed at which step the stepwise process was terminated . As

c a n  be seen , the best fit is on the Free Reading Task , f o l l o w e d

by the Topic Choice Task , with the fit on the Recall Task being

poorest .

-- - - — _ _ _ _ _ _
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Ta ble 9

Results of Single Task Regression Analyses

Task Step Variable R2 Final

Coef f i ci ent

Free Reading Task

1. LINKS .59 ** .035

2. TAGGED .71 ~ “ .030

3 . TOPICS .75 ** .002

CONSTANT 1 . 1 1 6

Topic Choice Task

1. TRANSITS .51 ** .007

2. LINKS .60 ** .036

3 .  TAGGED .62 * .00 3

CONSTANT 1.210

Recall Task

1. LINKS .5 1 ** .082

2 . TOPICS .5 5 * .068

CONSTANT 2 .950

‘ F— ratio significant at .05, ** at .0 1 .

4

-

~ 
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Some no tewor th y fe atures of the  equat ions can be poi n te d

out .  Consis tent  w i t h the di f fe ren t  gran d means re porte d a bo ve ,

t he constant  in t he Re call Task is a bout three times lon ger t h an

in the ot her two , where the constants are similar in value . The

estimate for the LINKS coefficient is identical in the Free

Reading Task and the Topic Choice Task , but is a bout tw ice a s

large in the Recall Task. The other variables do not follow any

obv ious p attern , an d so wi l l  not be d iscusse d further i n terms

of th e single task fits. However , L I N K S  was clearl y t he most

im portan t var ia ble , as I t entere d the equat ion f i rs t  for both

the Free Reading and the Recall Tasks , an d secon d after

TRAN SITS , in the Topic Choice Task. Hence , a key process in the

model , representation building, s tan ds out as im po r t a n t  in

predicting reading times. However , the p r ocess di f fe rs  between

th e Recal l Tas k an d t he oth er two tas ks in t h at t here is a

lar ger coeff icient value ass igne d to LINKS in t he Recal l  Tas k.

Overall Fits. The next step in the simulation analysis was

to mo del the com p lete set of data from all thr ee tasks  w ith a

sin gle re gress ion equation . As shown by the s in gle tas k f its ,

the Reca l l  Tas k is rather di f ferent  from t he oth er two . A

simple way of representing the difference in baselines and LINKS

coefficients was tried. A dumm y variable (see Cohen & Cohen

1975) was made available to the regression program. This r

var ia b le , MT A SK , was 0 except for sentences in the Recall Task ,

where it was 1 , an d wou ld t hus cover any overall  mean di f fe r ence

between the Re call Task t imes an d the other tas k t imes.  An

interaction variable (see Cohen & Cohen 1975) was also made

availa ble. This variable , MLINKS , was the p ro duct of L I N K S  an d

-

~
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MTASK , and so was 0 except for the Recall Task sentences , where

it was equal to LINKS. This variable would thus cover the

apparent difference in the LINKS coefficient revealed in the

single task fits.

Psycholog ica l ly ,  MTASK represents  the overal l  e f fec t  of

being in a Recall Task , w hil e M L I N K S  r e p resents t h e num ber of

links th at must be processed for purposes of recall that do not

have to be processed in the other tasks. That is , M L I N K S  is a

me asur e of th e amount of mem or y structure that must be

memorized , or encoded in LTM , for later recall. It is 0 in the

ot her t as ks because  these  do not  re qu ire en co d in g for  r e c a l l .

Table 10 shows the summary of the regression analysis.

Wh i le the overall fit is very good , wit h 9~4% of the var i ance

among me an reading times accounted for , it must be pointed out

that the dummy variable MTASK entered the equation first and by

itself accounted for 89% of the variance. Hence the overall R2

i s somewh at m islea di n g because a de genera te mo del , consisting of —

only the constant and MTASK , produces most of this overall R2.

A s a mo re rea li st ic measu re  of th e goo dnes s of f it of t hi s

equ a t ion , times predicted by the equation were correlated with

the observed times in each task . These values of r2 were .7Z4

for t h e Free Rea di ng Tas k, .514 for the Topic Choice Task , and

. 5 3  for th e Re ca l l Tas k . Henc e , compared to the individual task

fits , this one equation gives almost as good a fit to the

se para te tasks  as the se para te l y f it te d equation s from t he

single task fits. Since this fit is the most interesting of

th ose to be p resente d , it is shown gra ph ica l l y in F igure 3 for

_______________ ________________________ —5- --~~~-—-—- —- -5-.--— —— -- -- _____ ~._______ ~g__ -__.~
___
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Table 10

Overall Task Fit Using MTASK and MI .INKS

Step Variable R2 Final

Coefficient

1. MTASK .89 ~~‘ 1.794

2. LINKS •93 ~~‘ .033

3. MLINKS .914 ‘f t  .040

14. TOPICS .914 “ . 038

5. TRANSITS .914 * .00 6

CONSTANT 1.130 

• F—ratio significant at .05, ‘ at .01.

a
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the Re call  Tas k, Figure 14 for the Topic Choice Task , and Figure

5 for the Free Reading Task. The figures show the predicted and

ob serve d rea di ng time s in each presentat ion or der con d it ion ,

with the abscissa showing the order of the sentences in the

passage .

A su pp lementar y re gress ion anal ysis was done to d et erm ine

in more detail the role of the MT ASK dumm y variable. MTASK was

forc ed t o rema in out o f th e equat ion whi le MLINK S, LINK S, and
— TRAN SIT S were force d into t h e equat ion. Without  MTA SK in t he

equation , the R 2 was .8 0, but LINKS had a negative coefficient ,

apparently compensating for a very large coefficient given to

MLINK S and a too—large value for the constant. When MTASK

f in al ly was a llowe d to enter the equat ion , the R2 rose to the

prev ious value of .914 and the final equation in Table 10 was

ob ta i ne d . Hence th e MT ASK var i a b le rea ll y is re qu ire d to a ll ow

all of the important variables to have positive coefficients ,

but only 114% of the variance accounted for is uniquely

contributed by MTASK .

Considering the final equation in Table 10 , the  con st a n t

has a value similar to that in the individual task equations in

Table 9 for the Free Reading and Topic Choice tasks. As

represented by MTASK , the Recall Task adds an additional

con stant of 1.7914 seconds across the board. The .033

seconds/link estimate for the LINKS coefficient agrees with that

in the Free Reading and Topic Choice single task fits , wh i le t h e

coefficient for MLINKS covers the additional time per link

required in the Recall Task for representation building. In
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this equation , the parsing variable TRANSITS accounts for a

small but significant portion of the variance. Finally,

according to the equation , each topic maintaine d during sentence

processing adds an additional .038 seconds.

Des pi te the overall good f it , examination of the graphs in

Figures 3 , 4, and 5 reveals some serious discrepancies and some

important details of the fit. Most of the presentation order

conditions are fit fairly well , except for those in the Recall

Task. An interesting detail of where the fit is good appears in

the Low—Coherence Topic—Last condition in the Free Reading and

Topic Choice Tasks. Both the predicted and observed reading

time profiles are relatively flat. This is due to the fact that

each of the initial one—noun sentences contains only new

informat ion , an d so ta kes r e l a t ivel y lon g bec ause of the  nee d to

build the representation for the new referent. The two—noun

sentences that then appear ta ke re la t ive ly  little time to

process since all of their referents are given , meaning that

little new representation must be built. Hence both the

one—noun and the two—noun sentences require roughly the same

amount of processing , and the reading time profiles , both as

observed and as predicted , are rela ti vel y f la t .

The presentation orders in which TOPICS makes the widest

excursion s are the Low Coherence presentation orders. In these ,

the number of topics (chunks , or unintegrated proposition s being

held in working memory) increases with each of the first several

sentences (see Table 2). However , for th e Recal l Ta s k , as shown

in Figure 3, the fit of the model in - the Low—Coherence

4

__________________________________ 
_ _ _ _ _ _ _ _  
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Topic—Last presentation order is very poor ; the reading times

after t he f i rst t hree senten ces do no t cont inue to increase as

TOPICS does. Since TOP ICS plays only a weak role with its small

coefficient , the s imula t ion pre di cts  an essent iall y flat p rof il e

in this presentation order for the Recall Task , as in t he  other

tasks. However the observed reading times do not follow this

pattern ; the y f irst increase , then decrease. Clearly, Recall

Task readers are engaged in some process in this presentation

or der con di t ion tha t t he simulation comp letely fa ils to ca p ture .

Another discrepancy in the fit provided by the Table 10

equation shows up in the Topic Choice Task. Inspection of

Figure ~4 shows that the model consistently underpr edicts the

rea ding times on the first sentence in the Topic— First

presentation or ders.  Moreover , in the Topic—Last  condit ions ,

the rea di ng ti me on the last sentence is a lso cons istent ly

unde rp re di cte d . Some s pec ial role for these sentences woul d be

ex pecte d from the results in Kieras (Note 1 , Note 14 , 1978), and

sev eral unpublished experiments on the simple passages , which

show that the first sentence position is particularly important

in wh at readers consider the main item or idea to be. Also , in

these simple passages , the Type A sentence is strongly perceived

as the main idea , regardless of its position (although it is

chosen as the main idea less often if it appears last). Thus ,

the ex t ra  time spent on the fi rst sentence an d on a f inal T yp e A

sentence could be due to topic identification processing

performe d by the rea ders.  The f irst sentence Is p rocesse d

longer because It is considered to be an important cue to the

m a i n  id ea , wh i le i f th e last sentence is a T ype A sentence , its

~~~~~~I 

. 
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centr al position in the passage meaning structure also Invokes

additional processin g as a cue to the main item . It is clear

that the variables prov ided by the simulation fail to capture

this additional processing. It should be pointed out that the

discrepancies also appear in the Single Task Fit for the Topic

hoice Task; in fact , they are somewh at more pronounced.

Another statistical model was constructed to see whether

rep resentin g the extra topic choice processing in the equation

watilli improve the fit. Another dummy variable, TTA SK , was

defined ; TTASK was 0 except for sentences in the Topic Choice

Task , w h e r e  it was 1 . An interaction dumm y variable , FIN STA ,

was defined that was 0 everywhere except for highly topical

sentences in the Topic ChOiCt ’ Task , where it was 1. These

sentences were the first sentence or a final Type A sentence in

each passage.

Notice th a t MT ASK and TTASK comprise a complete set of

dummy var iabl e s that dis crim lnat. e the three tasks from each

other . By virtue of their definition s , the Free Reading Task

can he considered as a reference or base line condit i on , with t h e

other tasks requirin g add itional processes and time above this

condition . This characterization is appea lin g because t h e

Recall and Topic Choice Tasks can be considered as being simply

a Free Reading Task with additional demands on the subject.

The results of the multip le regression are summarized In

Uable 11 .  The final R..’ is .96. Both TTASK and FIRSTA account

for si gnificant portions of the variance. The const ant - is

smaller than the previous fit , since some of the difference in

— -— 5.- — ---——-5 - ~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ — _____
~~~~
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Table 11

Overall Task Fit Using TTASK ,

FIRST A , MTASK , and MLINKS

Ste p Var i ab le R2 Final

Coeff ic ient

1. MTASK .89 “ 1.887

2. LINKS .93 ** .029

3. TTASK .9 14 *ft .232

1 4 .  MLINKS .9 14 ** .0146

5. TOPICS .95 *1 .051

6. FIRSTA .96 ‘~ . 1~147

7. TRANSIT S .96 * .006

CONSTANT 1 .010 

* F—ratio significant at .05 , ** at .01.
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t h e  ba sel inc t ime bet ween the’ T op ic Choice Task and the Free

R ea d i ng  Task is now represented in TTASK - l’he c o e f f i c i e n t  for

1 FASK shows t h at an add it ion .i l . ~~~
‘ seconds is requir ed across

h e ’ ho ar d  for the Top i c Ch o ~ ¼’ t~ Task . com p ared  t o t h e  ~rt ’e

Read i ng Task . As shown by the ccc fi’ i ci cut for F I RST A . an

add i t  i on a I • ,
‘ s econd s  is used on the first sentence or a f i na 1

Type’ A sentence. Whi le the over a ll fit is on lv s li ght lv bet t er

t han t h at of Table J i~ , the pred Ic ted read t ng t i ~es on t h e  Ii r s t

and f i n a  i— A sentences in the T op i c  Choice Task are c o n s id e r a b l y

bet t er , b ein g in error by an average of - 1 ~ ~ seconds compared to

he ~rev ious f i t  ave rage  error  of  . ~~~~~~~ seconds.

comp ari son with Number .ot’ W o r d s .  The use of a comp l ex

mode l is iust i f ied  it’ it pr ovides a bet te r  acc o unt  than  a

sim pler one . Since the main f e a t u r e  of the simu la t ion m odel is

a oompl~’x set of p r o c e ss e s  that opci-a t e on t h e  surface form of

the senten ce , a good s imple opp onent to the  s i m u la t io n  mode l  ~~
one based on lv on th e’ s u r f a c e  f o r m  • n a i e  I v t h e  nu mb e r 0 t’ W S ’r d s

in  t h e se n t e n ce. Since the time to read a sentence is c l e a r 1~ a

fu not  ion of’ the  number of ’ w o r d s  . and t he amo unt of in format i on

in a se’nteti ce is ¼’ lose l v rd ated to the number of wo rds , t h i s

var i ab I e , W~~ RPS , should he a rea sonabi  v good - pred ic t or of

rea din g t Inc . If it is as good or better than the simu l at ion .

it  ccii i d he a rgu ed t hat t he 1 ac k of p a r s  i non v I n t h e  si mu I at  i on r

is t cc high a pr i cc t o pay t’or it s p red i c t  I ye power . ~n the’

othe r  hand , It’ t h e  simula t Ion and st.at 1st ical model together can

a c c o u n t  for  more variance t h a n  W ORf l ~ , the use of’ such a complex

model is olearlv just. i f led .
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The variable WORDS was made availab le to the multiple

regression analysis along with the variables that were available

in the an aly s is s hown i n Ta b le 11 . WORDS was set to a value of

11 for each of the one—noun sentences , and at 6 for each of the

two—noun sentences. A useful preview of how WORDS performed as

a predictor can he had from the correlation s between the

candidate predictor variables. WORDS and TRANSITS were very

hi ghly correlated , .988 , but WORDS correlated only moderately

with the other simulation variables. WORDS correlated slightly

more with reading time , .187, than did TRANSITS , .169. However ,

other variables correlated more with reading time than WORDS :

LINKS correlated .210 , MLINK S, .891 , an d MTA SK , .914 1. Hence it

could be concluded that WORDS could replace TRANSITS in the

regress ion equation , but not the other simulat ion var i a b les ,

since in the above analyses the other variables were more

important than TRANSITS .

In the regression analysis , WORDS entered the equation only

after the other variables. It did account for a s ign i f i can t

portion of the varianc e , and carried a coefficient of .068

seconds/word. The other variables had coefficients very similar

to those in Table 11. The final R2 using WORDS instead of

TRANS ITS was slightly larger , by .0003. Hence , although WOR DS

is a better predictor than TRANSITS , it is not better t o  any

important extent. Moreover , this regression analys is confirms

th at the other variab les are more Important than either WORDS or

TRANSITS.
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Discussion of Model Fitting Results

Which Task does the Model Fit Best? Both the single task

fits and the overall task fits show that the simulation model

corresponds most closely to the Free Readin g Task. This is

reasonable because the simulation was designed primarily to

simply compr ehend sentences , that is , parse them and build the

corresponding memory representation s in working memory. It thus

has little or no explicit machinery to either choose topics or

memorize for recall. The specific places discussed above in the

Recall and Topic Choice Task data where the model fails to fit

conform to this conclusion . In the Topic Choice Task , subjects

performed additional processing on sentences important to the

choice of topic , and in the Recall Task , subjects apparently

exper ienced an increasin g memory load in the Low—Coherence

Topic—Last order , which they apparently met by sloughing the

rema inin g one—noun sentences. Since the simulation has neither

memory overload problems , nor a strategy for dealing with memory

overload , it simply cannot predict this pattern of reading

t imes.

Adding the variables MTASK , MLINKS , TTA SK , and FIRSTA to

the statistical model results in a good fit in all conditions

except for the Low—Coherence Topic—Last Recall Task. But these

var iab les  have no d i rect  and exp l ic i t l y  represented counterparts

in t h e  s i m u l a t i o n  mo del i t s e l f . Hen ce , the final statistical

model Includes substant ive var iables.  While this cer ta in ly

means that the simulation by itself is not an adequate model for

5- 5 - .— -—  - ~~~~ — -~~~~~~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ -.5 
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the To pi c Choice an d Rec all Tasks , the specific variables that

have to be added to arrive at a good statistical model point out

in a c lea r  and definite way what the simulation model lacks. On

the other hand , the simulation does do a reason ab le job of

predicting reading times in the Free Reading Task which is

closest to the ki nd of tas k the simulation was ori ginally

des igned  to do.

How do the Re adi ng Tasks Di f fer? The Free Rea di ng Tas k

c o n s t i t u t e s  a ba se l ine  t a sk , which as suggested by the

sim u l a t ion a n a l ysis , includes p ars ing an d rep resentat ion

bu i l di n g processes , but lacks topic finding, memor izat ion , and

memory over load processes.

The Topic Choice Task clearly demands different and 4

additional processes compared to the Free Reading. Extra

amount s of time were re quire d on highly to p ical senten ces , and

an ov erall longer time of .232 seconds/sentence compared to Free

Reading was required , perhaps because subjects h ad to kee p t r a c k

of their current topic choices while reading.

The Rec all T ask required addi t ional t ime to be spent on

memoriz ing memo ry rep resentat ions , and a large increase in

over all t ime , almost 2 seconds/sentence. But this rather large r

coeff ic ient for MTASK , a variable of considerable predictive

im po r t a n c e , is har d to understan d . That is , while MLINKS

acc ounts for addi t ional time base d on how much in format ion must

be memorize d , MTA SK indicates nothing more than an all—or—none

across the board increase in processing time . It is t h u s

unrelated to any of the possible hypothetical processes that
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might be required in a memorization task , all of which would be

expected to vary in the course of rea di ng a passa ge.

It is possible th at the importance of MTASK is not due to

an a c t u a l  task  di f ference , but to a d i f ference in su bject

motivation ; as describe d above , the Recall Tas k subjects were

compensated with apparently badly—needed extra credit , and

appeared to be very highly motivated compared to the subjects in

the other tasks who were only paid $2.00. However , th is

explanation is really not satisfactory either , s ince it is st ill

not clear why a motivational difference would be associated with

a greater baseline reading time that does not vary as a function

of p rocess ing re quirements wh i le rea di ng a pas sage.

Finally , the Recall Tas k also invo lve d memory overloa d , and

strate g ies for deal ing wit h memory overlo ad , wh ich did not

appear in the other tasks. Hence the hypothesis that

incoherence results in increas ed memory load(K ieras , 1978)

app ears to apply onl y in a recall ta sk. In the other t asks , the

subjects are ab le to p rocess th e incoherent sentences w ithout

suffer ing from memory load problems.

Thus , by us ing t he s imulat ion as a theoret icall y base d tool

for characterizing reading tasks , the impo r t a n t  di f f e r e n c e s

between the rea di ng times are pointe d out. Moreover , a •

th eoretical explanatio n for the task di f ferences is th en

available in terms of processes represented in either the

simulation model or the statistical model.
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DecomposIng Reading Times . The most useful service offered

by the simulation analysis is a decomposition of the reading

time s into theoretical components . Based on the final fit in

Table 11 , these component s can be summar i zed . The const ant

value indicates that in these tasks and materials , and with the

equipment used , about 1 second is required to visually perceive

the sentence and make the response to advance to the next

sentence. The parsing process requires about 6 m i l l i s e c o n d s  per

ATN link transition . Hence for a one—noun sentence , about 120

milliseconds are re quired for parsing. For the two—nou n

sentences , the figur e is about 220 milliseconds. Hence , the

total contributio n of parsing to the total reading time is

small , which could be expected since it is a very overlearned

skill.

In terms of predicting reading times , the process of

building memory representation s is the most important process

represented by the simulati on . Note that each HAM structure

link actually consists of two one—way links , the total number of

which is represented by LINKS. The estimated coefficient for

LINKS is about 33 milliseconds per link. This gives a total of

297 millisecond s of representation building time for a

completely new one— noun sentence , and about 5914 milliseconds for

a com pletely new two— noun sentence. The figure would be less

for sentences with one or more given referents . The process of

memorizing the sentence representation s for later recall

requires an additional 140 millis econds per link of structure.

Hence , a completely new one—noun sentence would require ~f-~O

mi lli second s to encode for recall , and a completely new two—noun
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sentence would require 760 milliseconds.

It was hypothesized that comprehendin g an incoherent

pass age requires the ma intenance of topic pointers in memory ,

one pointer for each unintegrated portion of input material.

The c o e f f i c i e n t  for  TOPICS shows th at it takes an additional 51

milliseconds per topic to process each sentence. It was also

hypothesize d that these topic pointers had to be maintained by

rehearsal in short—term memory. The preliminary simulation

analysis reported in Kieras(Note 2) supported this hypothesis

rather well. However , in the present analysis , TOPICS , the

index of this hypothesized load , fa i led to account for the

reading times th at showed definite memory load effects in the

Re call Tas k.

Thus the status of the topic pointer memory load hypothesis

is questionable. If topic pointers must be maintaine d by

re hea rsa l , apparently only the Recall Task requires such

r ehea r sa l , even though at least the Topic Cho ic e Tas k would seem

to require keeping track of the topics. However , the Recall

Task subjects were clearly dealing with the high—memory— load

i nco he rent port ions of th e pa ssa ges in a wa y that was rather

different from the subjects in the Topic Choice Task and the

Free Readin g Task. Perhaps the hypothesized topic po inters do 
r

not undergo rehearsal unless the material is being encoded for L

later recall. An other possibility is th at the effects

represented by TO PICS are different from the rehearsal—related

effects appearin g in the Recall Task. The effect of additional

topic pointers is to add competing sources of activation in the

-- —-  —~~ —— —— ~~~~~~~~~~~ - — - S -— ~~~~~~~~~ 
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memory search; i f  so , then the magnitude of the effect is

com patible with the size of the fan—out effects reported by

An derson(1976). Thus , rehe arsal  of u n in t e gr a t e d sen ten ce

content and ma intenan ce of to pic s ma y be se parate p rocesses.

The memo ry searc h var i ab les , CYCLES and TAGGED , did not

contribute any important portion of the total reading time in

these data. There are several possible reason s for this. One

is th at the manipulation of values of these variables was

achieved mainly by means that also changed TOPICS . Hence ,

TOPICS mi ght have masked effects of CYCLES and TAGGED , A more

substantive possibility is th at the simulation misrepresents the

process of resolving definite references in these sentences.

That is , t he sen ten ces con ta ine d on ly a ra t h er sim p le fo rm o f

referenc e. Each referent was always referred to with the same

sim ple noun phrase , such as The ants.... Such references might

be processed in a very efficient fashion , without the

complications of the spreading activation memory search as

describe d in Kieras (1977). Modelling reading times for

sentences usin g more com plica te d references migh t resolv e th e

p rob lem. Where TAG GED was impo rtan t , in the Free Reading and

To pi c Cho ice Sing le Tas k Fits (see Ta b le 9), it carried a

coefficient of 2—3 milliseconds per node activated. The implied

effect is in the right direction : As more nodes must be

activated , i t ta kes longer to f ind each sentenc e referen t .

Demons trating conclusive fan—out effects in prose comprehension ,

and modell ing them with a s imulation model , is a task for more

specific experiments. 
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Finally , the d ifferent reading tasks apparently require

some additional task— specific processes that take a constant

amoun t of time for ea ch sentence , and so do not vary depen d ing

on the processing requirements on each sentence. Whether this

is a reasona ble h ypothes is , and characterizing the possible

n a t u r e  of t hese processes , could be determined by explicit

modelling in a simulation .

C O N C L U S I O N

The above di scuss ion is a deta i led anal y s is of a set of

rea di ng t ime data base d on a s imula ti on model that incor por ates

man y currently popular ideas about cognitive processes , such as

ATN parsers , semant ic memory networks , and s prea d ing act ivat ion

memo ry searches. Hence , it was poss ib le to apply some of’ our

most powerful theoret ical id eas to one of our most interest ing

problems , that of rea di ng , w ith th e resu lt be ing that a com p lex

set of data coul d be analyzed and inter pret ed w ith the ai d of a

detailed process model. The success of this venture was

indic ated not just quantitat ively,  in which five varia bles (see

Ta b le 10) accounte d for a reason ab ly high pro port ion of the

variance among 198 data points , but also qualitatively, by being

ab le to po int out spec i f ic sentenc es in the passa ges whose

reading time s, as Inter pre ted w i t h the model , reveale d

differences in the reading tasks , and where the model was

accurate an d where it fa i led . Thus , th is init ial tr ial of th e

simulation model and the - iltiple—regre ssion method of

simulation analysis has been successful. But certainly the

— - _— —~ 
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ult imate value of such simulation models and this analysis

met hod wi ll be determ ined by furt her attem pts to app ly them to

more varie d and interesting reading situations.

I 
—
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CoastGuard Other DoD

MR. JOSEPH J. COWAN , CHIEF 1 Dr. Stephen Andriole
PSYCHOLOGICAL RESEARCH (G— P—1/62) ADVANCED RESEARCH PROJECTS AGENCY
U.S. COAST GUARD HQ 11400 WILSON BLVD.
WASHINGTON , DC 20590 ARLiNGTON , VA 22209

12 Defense Documentation Center
Cameron Stati on , Bldg . 5
Alexandria , VA 223 114
Attn : TC

1 Dr. Dexter Fletcher
ADVANCED RESEARCH PROJECTS AGENCY
11400 WILSON BLVD.
ARLINGTON , VA 22209

1 Military Assistant for Training and
Personnel Technoiogy

Office of the Under Secretary of Defense
for Research & Engineering

Room 3D129 , The Pentagon
Washington , DC 20301

L _ _  _ _ _ _ _  _ _ _  _ _  
_ _ _ _
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Civ il Govt Civil Govt

Dr. Susan Chipman 1 Dr. H. Wallace Sinaiko
Basic Skills Program Program Director
National institute of Education Manpower Research and Advisory Services
1200 19th Street NW Smithsonian Institution
Wa shington , DC 20208 801 North Pitt Street

Alexandria , VA 223114
Dr. Richards J. Heuer
ORPA/AMERS 1 Dr. Thomas C. Sticht
Washington , DC 20505 Basic Skills Program

National Institute of Education
Dr. Joseph I. Lipson 1200 19th Street NW
Division of Science Education Washington , DC 20208
Room W-638
National Science Foundation 1 Dr. Joseph L. Young, Director
Washington , DC 20550 Memory & Cognitive Processes

National Science Foundation
Dr. Joseph Markowitz Washington , DC 20550
Office of Research and Develop ment
Central Intelligence Agency
Washington , DC 2020 5

Dr. John Hays
National Institute of Education
1200 19th Street NW
Washington , DC 20208

Wil liam J . Mc Laur in
Rm. 301 , Internal Revenue Service
2221 Jefferson Davis Highwa y
Arlington , VA 22202

Dr. Arthur Melmed
National Intitute of Education
1200 19th Street NW
Washington , DC 20208

Dr. Andrew R. Molnar
Science Education Dev.

and Research
National Science Foundation
Washington , DC 2O~50

Dr. Jeffrey Schi ller
National Inst itute of Education
1200 19th St. NW
Wa shington , DC 20208

_ _ _ _  _ _ _  

I
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Non Gov t Non Govt.

Dr. Earl A. Alluisi 1 Dr. John S. Brown
HQ , AFHRL (AFSC) XEROX Palo Alto Research Center
Brooks AFB , TX 78235 3333 Coyote Road

Palo Alto , CA 9143014
Dr. John R. Anderson
Department of Psychology 1 DR. C. VICTOR BUNDERSON
Carnegie Mellon University WICAT INC.
Pittsburgh , PA 15213 UNIVERSITY PLAZA , SUITE 10

1160 SO. STATE ST.
DR. MICHAEL ATWOOD OREM , UT 814057
SCIENCE APPLICATIONS INSTITUTE
140 DENVER TECH. CENTER WEST 1 Dr. John B. Carroll
7935 E. PRENTICE AVENUE Psychometric Lab
ENGLEWOOD , CO 80110 Univ. of No. Carolina

Davie Hall 013A
1 psychological research unit Chapel Hill , NC 275114
Dept. of Defense (Army Office)
Campbell Park Offices 1 Charles Myers Library
Canberra ACT 2600, Australia Livingstone House

Livingstone Road
Dr. Alan Baddeley Stratford
Medical Research Council London E15 2LJ

Applied Psychology Unit ENGLAND
15 Chaucer Road
Cambridge CB2 2EF 1 Dr. William Chase
EN GLAND Departm ent of Psyc hology

Carnegie Mellon University
Mr Avron Barr Pittsburgh , PA 15213
Department of Computer Science
Stanford University 1 Dr. Mi~he1ine ChiStanford , CA 914305 Learning R & D Center

University of Pittsburgh
Dr. Nicholas A. Bond 3939 O’Hara Street
Dept. of Psychology Pittsburgh , PA 15213
Sacramento State College
600 Jay Street 1 Dr. William Clancey
Sacramento , CA 95819 Department of Computer Science

Stanford University
Dr. Lyle Bourne Stanford , CA 914305
Department of Psychology
University of Colorado 1 Dr. Allan M. Collins
Boulder , CO 80302 Bolt Beranek & Newman , Inc.

50 Moulton Street
Dr. Kenneth Bowles Cambridge , Ma 02138
Institute for Information Sciences
University of California at San Diego
La Jolla , CA 92037

5 - —
~~~~~~~
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Non Govt Non Govt 

:

Dr. Meredith Crawford 1 Dr. Vernon S. Gerlach
Department of Engineering Administration College of Education
George Washington University 146 Payne Bldg . B
Suite 805 Arizona State University
.‘lOl L Street N. W. Tempe , AZ 852 81
Washington , DC 200 37

1 DR . ROBERT GLASER
Dr. Ruth Day LRDC
Center for Advanced Study UNiVERSITY OF PiTTSBURGH

in Behaviora l Sciences 3939 O’HARA STREET
202 Junipero Serra Blvd . PITTSBURGH , PA 15213
Stanford , CA 94305

1 Dr . ira Goldstein
Dr. Hubert Dreyfus XEROX Palo Alto Research Center
Department . of Philosophy 3333 Coyote Road
Univers ity of California Palo Alto , CA 9143014
Berkely, CA 914720

1 DR. JAMES C. GREENO ‘ -

MAJOR 1. N. EVONIC LRDC
CANADIAN FORCES PEKS. APPLIED RESEARCH UNIVERSiTY OF PITTSBURGH
1107 AVENUE ROAD 3939 O’HARA STREET
TORONTO , ONTARIO , CANADA PITTSBURGH , PA 152H

Dr. Ed Feigenbaurn 1 Dr. Ron Hambleton
Department of Computer Science School of Education
Stanford University University of Massechu~ett s
Stanford , CA 911 305 Amherst , MA 01002

Mr. Wallace Feurze ig 1 Dr. Barbara Hayes—Roth
Bolt l4eranek & Newman , inc. The Rand Corporation
50 Moult-on St. 1700 Main Street
Cambridg e , MA 02138 Santa Monica , CA 90406

Dr. V i c t o r  Fields 1 Dr. Frederick Hayes—Roth
Dept. of Psychology The Rand Corporation
Montgomery College 1700 Main Street
Hoc kv i l l e , M D 20850 Santa Monica , CA 90110h

r .  Edw In  A . Fleishm in 1 L Ibrary
A- ~~v i n - .~~1 Hes.’arch Resources Organ . HumRRO/Western Division
~u t~ ” ~‘ - )O 27857 Berwlck Drive

~~~~~~~~~ ~~~ ~~~~ Highwa y Carmel , CA 9392 1 r

t ?~~~on , DC 200 111
1 Dr. E~irl Hunt

- in  14 . I red~ r1ksen Dept. of Psychology
~~~~~~~~~~ ‘. Ne~ nan University of Washington
- - ‘f ~ Seatt le , WA 981 05

•~ .- ~a ~~~~~ ~~~
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Non Govt Non Govt

Mr. U~ry irv i ng 1 Dr. Mark Miller
flat —i ~~iences Division Systems and information Sciences Laborat
Technology Sorvices Corporation Central Research Laboratories
2811 Wi lshi r ’- Blvd . TEXAS INSTRUMENTS , INC .
Santa Monica CA 901403 Mail Station 5

Post Office Box 5936
DR. LAWRENCE B. JOHNSON Dallas , TX 75222
LAWRENCE JOHNSON & ASSOC., INC.
SUiTE ~-O2 I Dr. Richard B. Millward
200 1 S sTREE-r NW Dept. of Psychology
WASH iNGTON , DC 20009 Hunter Lab.

Brown University
Dr. Arnold F. Kanarick Providence , Hi 82912
Honeywell , Inc .
2t~Ofl Hidgeway Pkwy 1 Dr. Allen Munro
Minneapolis , MN 55413 Univ . of So. Cal i fo rn ia F

Behavioral Technology Labs
Dr. Walter Kintsch 3717 South Hope Street
Department of Psychology Los Angeles , CA 90007
University of Colorado
Boulder , CO 80302 1 Dr. Donald A Norman

Dept. of Psychology C.-009
Mr. Marlin Kroger Univ. of California , San Diego
1 1 17 Via Goleta La Jolla , CA 9209~
Palos Verdes Estates , CA 902711

1 1)r . Seylnour A. Papert
LCUL . C.H.J. LAFLEUR Massachusetts institute of Technology
PERSONNEL APPLIED RESEARCH Artificial Intelligence Lab
NATIONAL DEFENSE HQS 5145 Technology Square
101 COLONEL BY DRIVE Cambridge , MA 02139
OTTAWA , CANADA ~1A 0K2

1 Mr. A. J. Pes~h , Preside n t
Dr. Jill Larkin Eclectech Associates , inc.
fl’—pa rtment- of Psychology P. 0. Box 178
Carnegie Mellon University N. Stonington , CT 06359
Pittsburgh , PA 1 ’ 2 1 3
Berkely, CA 94120 1 MR. LUIGI PETRULLO

- 
21431 N. EDGEWOOL) STREET

Dr. Alan Lesgold ARLINGTON , VA 22207
Le~ rn1ng RAE ) Center
Universit .y of Pittsburgh 1 DR. PETER POLSON
Pittsburgh , PA 15260 DEPT. OF PSYCHOLOGY - 

r

UNIVER SITY OF COLORAD O
Dr . Robert A. Levit, BOULDER , CO 8Q.302
Manager , Beh-iviora l Sciences
The 11DM Corporat ion 1 PR. DIANE M . RAMSEY KLEE
7~)I5 Jon~’s I~ranch Drive H—K RESEARCH & SYSTEM DESIGN
MeClean , VA 22101 ~914 7 R1DGEMONT DRIVE

MALIBU , CA 90265

L — - - . . ~~ - _______
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Non Govt Non Govt

Dr. Peter B. Read 1 DR. ALBERT STEVENS
Social Science Research Council BOLT BERANEK & NEWMAN , INC.
605 Third Avenue 50 MOULTON STREET
New York , NY 10016 CAMBRIDGE , MA 02138

Dr. Fred Reif 1 DR. PATRICK SUPPES
SESAME INSTITUTE FOR MATHEMATICAL STUDIES IN
d o  Physics Department THE SOCIAL SCIENCES
University of California STANFORD UNIVERSITY
Berkely, CA 94720 STANFORD , CA 911305

Dr. Andrew M. Rose 1 Dr. John Thomas
American Institutes for Research IBM Thomas J. Watson Research Center
1055 Thomas Jefferson St. NW P.O. Box 218
Washington , DC 20007 Yorktown Heights, NY 10598

Dr. Ernst Z. Bothkopf 1 DR. PERRY THORNDYKE
Bell Laboratories THE RAND CORPORATION
600 Mountain Avenue 1700 MAIN STREET
Murray Hill , NJ 079714 SANTA MONICA , CA 901406

Dr. David Rumelhart 1 Dr. Douglas Towne
Center for Human Information Processing Univ. of So. California
Univ. of California, San Diego Behavioral Technology Labs
La Jolla , CA 92093 3717 South Hope Street

Los Angeles , CA 90007
DR. WALTER SCHNEIDER
DEPT . OF PSYCHOLOGY 1 Dr. 3. Uhianer
UNIVERSITY OF ILLINOIS Perceptronics, Inc.
CHAMPA IGN , IL 61820 6271 Variel Avenue

Woodland Hills , CA 913614
Dr. Allen Schoenfeld
Department of Mathematics 1 Dr. Benton J. Underwood
Hamilton College Dept. of Psychology
Clinton , NY 13323 Northwestern Univers.ty

Evanston , IL 6020 1
Dr. Richard Snow
School of Education 1 Dr. David J. Weiss
Stanford University N660 Elliott Hall
Stanford , CA 914305 University of Minnesota

75 E. Rive r Road
• 1 Dr. Robert Sternberg Minneapolis , MN 551455

Dept. of Psychology
Yale University 1 Dr. Karl Zinn
Box h A , Yale Station Center for research on Learning - -

New Haven , CT 06520 and Teaching
University of Mich igan
Ann Arbor , MI 14810 11
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