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" ABSTRACT
!his stedy compared the rapid lc:d ptocessing
. abilities of grqups of students in college, fourth grade, second
grade, and kindergarten to see ‘if there is a develofsental pattern in
such skill development, and to see if phonics training skculd i
‘enphasize either letters and the orthcgrarhic rules that create words
or letter clusters (cogson words) that \are learned as perceptual
uaits through ‘reading experience. Subjects indicated whether a target
letter appeared in a display consisting of three, four, or five
- letter words, psoudo-o:ds. and nonwords; the target letter was -
. present in half the trials. fhe pattern of results cbtained for the

ndergarten students was different -froa the results for the other
.age groups: kindergartsn pnpils shoved no diffezemt sean response
times for words, pseudowords,” or nonwvords, while all other grougs
shoved ordered response times that increased frca words to
pseudovords to nonwords. These results are taken as further evidence
of the importance -of orthographic thnlatity and phon.cs in beginning
toading instruction. (Discussion fcllcuinq presentation cf the paper
is included. ) (BRL) \
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, ‘ - Y ' What Do Children Learn When They Learn to Read? - . . "

.,r . . . . : ’: ‘ . . . . . L]
: C Lecarning tc'i read involves the acquisit.ior'x of a“‘few skilnls‘spcci'fic to
- reading. anfl' the usc"oi' many vther abilitics 'tilat are conmob to a varicty of
cognitive processes. Previously-achired linx;',uistic and concebtuai ‘knowilcdgc

.
E‘ _ ) relevant for understandmg oral l,anguage and mtcrpretmg visual expcrlcnce
L

"~ is also necess'\ry for readmg Leammg to.read largely mvolves the Learnmg

R of a new Ianpuage code that is based pnmnly on spatial relatlons rather t

on the temporal selatlons of the speech code Most c}uldrcn in the

: grades possess the necessary perceptual linguistic, and co tual abilities_
_to process some wntten language Much cf beginnipg-feading instruction 75
- therefore dxrected towards a;t"x\ntles unique to processing the visual gode..

taught the left-to-right ordering of the

) ' ~  Beginning students’ of readmg miis

' letters and words in _theL _and their sometimes arbltrary }'elatxonshlps to

hus, the teaching of reading is :focused mainly on the . -

aeqtisitf" of basic visual recognition- and decoding skills. - ‘me.tc;ch.ing .

. ‘of decc'»ding often involves arilis on specific 1 tér-;mhd cbrrespondcnces, .
but teachmg methods can dlffer in the amodft of csphasis placed on more )

" general relatxonslups between Enghsh orthography and phonology.

. The euphans on the relationship between oral and wrltten anguagc is

i evident in-most if mot all beginning rcading programs. . Trammg in phomcs or
decoding to somds has been a fmdamcntal part of readmg mstructxon for
decades (Chall, f967 this volume; lbcy, 1908). This is the case despite the
fact that decpdmg is only one method of recognizing words. Rescarch has '

'Micated\thnt pHonemic cncodmg plays a relatively minor role in rgpid vord

jdentification and skilled rqading (llcnderson, in press, Kleiman, 1975;

»

>
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bhssiifo, ‘19'75) For the beginning recader, however, phon,icé has t‘raditiomlly.

" been taught in ordor to enable chlldrcn to decodc any unfamhar prmtcd work . .
7

. 1nto a recognizable approximation of its prmuncmtxon Yot many common
\
|
Englxsh words arq blatant exccptlons to letter-sound corrcspondcncc rulcs, g

4
e R &

making the need for some 51ght -word recogmtloh inevitable.

- A secondary goal or at-least a result, of phomcs trammg 1s to prov1dc ’
the beginning reader w1th some lmowledge of the regularntlcs of Engheh

orthography Ju@ as English phonology restricts the combmanons of phonemes

’ wh1c.h can follow one another in words orthographlc rules constram graphcmxc

“constructions. Phonics drills which relate regularly occurrmg graphcmc -
and phonenuc groupings presumably call attention to these regular1t1e§ :md
thereby heip the beginning reader to become famildar with them as general g
linguistic rules. Knowledge ot Bnghsh orthography could therefore come to .
fac111tate word recogmtlon regardless of whether or nat phonemic encodmg L |
is used as a route to comprehension in skilled reading (Vene_z_ky & mssaro_, '

this volune)

- - - -
- . ¢

It 1s obvious that at least some words._ are recogmzed by both rSkllled and
beginning readers while they are reading a passdge of text. Rapid word’ iden

tification is an effective subskill of Teading in that it can free attentional -

denods frooﬂacoaing to accessing lexical and semantic ir'\fomotion about

words’ st;red in MCROTY . In fact, when word recognition bccones an aytomatic
process (LaBerge «§ Samuels, 1974), it micht be unnecessary during reading

to divert attention. from the proccssmg of -c:mmg to the recognition of in-
dividual lcttcrs and words. Thus we mght expett word recogutxon Skllls to
. be relatod to reading nbllity This is apparently true for beginning readers, '
8s some rescarch has shown high correlations between word recognition skills
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. ‘ ' . and other gasures of reading ability. For skilled readers, such’ as tic
) . ] . .
;- . . averaée college student, word recognitiog-has become:automatic or ‘a't‘ icast
. ‘ . s, .
T, e rapid enough such that Torr elzrt\ions between word proccssing skills and rcading
{ §
: ab111t1es are low 'Perfettl & }csgold ‘this volume) {

_The issue that we wish to ral\se for the prescnt dlscussmn concerns how
rapld word recognition skills dcvelop as children leam to read. That is, -
does phomcs training or other cxpenence w1th‘wr1tten English foster the de—

.. ' veloment and use of orthographlc rules to infer word .structure bascd on pre-

L
. lmnary and parnal visual analyses? Or are common aOl'dS and other famhar -

morphemic units recoguzed as 'wholes’* in the same way that single Jetters

are? ° These are, of course, questions that* concern purely perceptua'l aspects »

of reading. ° 3 our discussion to how single words are recogngi
we must v1ously 1gnore‘nm1y other cogmtlve and linguistic pt:oces.ses that

’. ktervene between glmpses of text and comprehenmon of wr;tten language.

L

Further, whether md1v1dual 1etters or whole words are 1dent1f1ed as elements

of pefceptua‘l categones in memory probably depends on tha4ewei—o£—m€em&on—
being _sought by .the reader. Nevertheless if rapid word recogmnon 1s the only
important skill wnique to rudm((&ﬂenezky and: Mnssaro claim), then the

' study of the deVelopment of this skill is important for our understandmg of N
. begipning readin_g. 'By identifying-wlmt adults rccogniz’é when t.heyq;e prescnted

| . with visual displays containing words, we. can discovefhat tqtry to teach
childron ‘to_look for in text. And we mgbt also learn about what they sce

despxte our attcmpts at ipstruction. | I .

¢

Theorics of Word Recognition

' ‘ Most theoties of word recognition begin with a sometimes vaguc set of

L]
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elementary -features as the initial central representations of visual experi- ‘

- .

“ence. That is, brightness contours and other information ;UCB .as -the’ presence *

.C

of.lines, edges, and comers ire detected by cells in’the visunl cortex of .

the brain. Featyral information is briefly-held in memory until the input -

from succ'eedingweye fixatlons replacés it This negnttranon of y;formatlon

e “

is assuméd to be precatcgorlcal in the sensc that its quallty is large1.y ¢ .
mdcpendont of the. type of 51splay presented’ be 1t a word a random letier

str}ng, or any other combmatlon of features- w1tﬁ a slmllar contour den51ty .
)

Informatior in grepercg)tual storagg (\lassaro, 1975) is then synthesx..ed or -
. )_ e
categorlzed mth resp*ct to a set of relevant perceptual categorlcs in memory.

l't is the nature of thxs categorlzatlon pro¢ess that serves to dlfferqntlate
. - 4
among theories of word recognltlon ) ot '

—

4

Lbs(dults aﬂd f1rst grade chlldrelyean. eas*lly name a letter when it
is. nsual}ly presented alone and 1.“ .a familiar form. Jhe assumption is -thit: .
‘internal categeries e:iist for the. letters that are defined in térms of .sets
ot critical‘ features. 'Ihese categori.es' allow auditory and‘vis.u‘a translations "
.‘of the letter codes if the asslgments for yisual sha&{.s t6 certpin s soun& ' \7,
' -have been leaqu 1‘hus Y \nsually presented word can be quickly converted’
‘to a. strmg of letter names or the1r phonemc codes by. a literate adult. This
/

conversxon is an obh,,atory route to word recogmtlon in somé thcono:b whercas

K

others characterve word recogmtlon«os a process smular to letter rocogmtion.
That' is, when a word i¢ viewed, the featuros in prepel:ceptual storage cculd .
_be used to recogmze mdufldual letters: mt:l the word 1tself is umquoI)’ Lo
detehined Altematlvcly, units larger than single lctters could be recog-
nézcd d1rect!y.fron tl}exvr‘\.nsw"!z,’ fe:_ztureg, and word recogn.i.t_mn could be a N
holistic process or one basjﬁ o rbpognieing component letter clusters as s ’

' ‘, ‘

6

x4

”
.
" .
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_ This d1>t;nctxon is clcarly 111ustrated in \isser’'s (1967) dcs;nptwn

units
. of the competmg theorctxcal outlooks ds bcmg based on mfcrcncc or on m|t1~ R

"L zation (see also H(‘ﬂglk,rSOﬂt. m press Juola, Taylor, & Q\OC, “in prc»s,
« . Saith _& Haviland, 1972; and Smith - & Spoehr, ,1914) T ‘ 2 .~
- . Inferencc theorics (c g R \lassaro, 1975) base \sord perccptlon upon thc o :
. prior. reco.gmtlon'of .one or more lctters Not all letters nced to be 1dent1flcd
“ " beforg the word can be.recb'gni"cd l{owever 'l‘hc 1dcnt1f1catlon of any lettcr- t s
L in‘ an-English wor zd lmnts the possible alternatives for whit 1ts nelghbors '
+ can’ be! » the 1dent1f).cat10n of a_few letters can leag to mrd rccogmthn
by . fac111tat1ng or ehmmatmg the need for subsequent letter ldcntlflcatlon. .
In this way it is clear that word recogmtlon could be. acconphshcd by proc-
- ssmg fewer v1sual features than would be necessar) if each-lctter had to-
‘ * bebident:.fled independently Infe:'entlal processis could also opcrate in g
decodmg The identification of a few letter sound:. could be used- to gqncmte
. the entn‘e phone'mc code of the word on at least a recogmzable approxmntmn
' to ns nermal ° sound pattern. '
Unitization theones {e.g., Smith, 1971), on the other hand do.not mam-'
‘ tain that word rccogmtl.on 1s necgessarily based on the prior identification
of letters or speéch sounds . Rather, as the visual features and their rccpcc;
: . tlvélocanons are processed, competing word alternatives are climinated. In
tius proces;, some letters in the word mxght be 1dc.ntx(' ied mcndcnhll\ but
t.hey do not contnb'.xtcato word recognition unless the word is not rc;o;’uz.ahlc .

= as a sight-word mnit. Ilypothesized pct;coptunl units h.'lVG“ included’ lcttcrs, ’

TN words, and t'ami}iar lettgr clusters such as .;;pclling pattefns wirich could
‘ E‘ 311-be recognized dircctly from their visual featurcs (Jusla, Taxlor, & C(hoc,
3 . in press; Taylor, Miller, § Juola, 1976). | .
D g ‘ . \
] N . ﬁ
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' mdcr mpovenshcd visudl conditions that would precludc 1dcnt1f1catnon of any

- could be used in conjmctlon with knowlecfge- of orthographlc Structure to A

sttmcnons between gfcr.cncc :md umtxzatlon fhcones arc oftcn dif [ icult

to make in practxce, howcver For example, words. can somctimes be 1dcnt1f 1ed

mdnndual letter (lhey, ,1908) 'ITus result is often uscd as evidence that
words are pcrcelved as whales, without depcndmg on: prior lettcr 1dentL§n:atmn
,processes. However, even if no’ letter is seen tleary enough to be rcc,gm’ed,
the available information mgbt be sufficient to limit the p0551b1e alternatlves

I 4

to only a2 few at eath p051t10n The limitations on the letter alternatlves

) idén'tify the word. There are other cosplicstions in trying to decidc’ betwe'en

tne xheories:' For’ exanple, advocates of the unitization view often claim th:lt .
word perceptlon can be elthcr on letters or on lugher-order units depen__/
ding on’what the srbject s expeétancy or processu'g strategy is. Thus 2 letter‘
by-letter godel could be supported by -the data’ from'a given, expenment et
mvolviﬁg word. dxsplays, if the task can be performed lm‘e efflcxently by N

.

”

using a letter reeogmtlon strategy than by flrst 1dent1fymg the overall pattern .
_and then checking to determine what ,its. ccq)ment“letters are* (BJork § ‘Estes,

1973;° Estes 1975; Estes, Bjork,.§ Skaar, 1974 r-hssam. 1973; Thompson §

lhs;aro, 1973, Exp. II). On the other hand, 1f the task encodrgges 1ret:ogmzmg
the entire display, it ught appear to be t casc that lcttorsvarc actunlly

Seen better when prescnted in a familiar (word) congCxt t,Kan’when prcscntcd

in an l}tfaular string of letters (Juola Choc & i.e:tv;tt. 974) -

‘In the next sect'ion we revicw so-e studncs of the per'ccptton of \»€ ds and f\
other letter strings that have been uscd in the past to smport on¢ gr another - :
of tl‘le theoretical positions. Nhilp ve do not think that the time has come for .’
[y ﬁml dhpensan?l with regard to the inference vcrsus umtization issue, we -

-

ca ’ L4
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: , o ;" do feel that a mode'l'f based exclusively on letter identif ication and orthe-
| ‘ graphic knowledge is inadeiluate to explain rapid word iclentifie:ntion and -
.ski'ued reading. * lt remains to be determined if either-inference or uni‘tin-
tlop theorxes can provxde a:{ adequate descrlptwn of developmental c‘n‘mges in

dnldren s word “recognition processes as they leam %o read.

7 Jhe liord Stipe rioritz Efl’ect

e " R / . : _— . '
. _ . There are many expennental tasks which show advantages for comon words

. 'over letter strmgs that are not’ familiar, orthographically regular, or meanirg-
: g fulinmyuay So-eofthesetasksconfmmdperceptualaswellasaemryand
v . respmse processes thereby concealmg the source of word advantages (see Henderson,'
e "in p press, Smith G Spoehr, 1974) It is now .generally acceptéd that Relcher s '
._- g .(1969) procedure elmnated enoughpof the artlfactual causes of word sq)ermrxty
- . effeets to allow the concllsmn that a word advantage exists in perceptual
.. ' 4 . reeognition pmcesses “Reicher. speclfxed two letter alternatlves either m-
SN ~' mediately before or soon after-a brief visual display that contained one of !
- ' the letters The dxsplay types- eonsxsted of four-letter words "anagrams of
. . the uords ,~or smgle letters onfy. .The sxﬁects were more accurate in picking

o the correct lettef alternatlve when it was included in a word dxsplay than when

At was- included m a nonsense 7trlng of ‘letters or presented alone. ° (Our '

i dlscmsion of the ml‘d sq)en_orxty effect will henceforth be limited to'com-

pgrisons bctween the perceptlon of words and thc perception of meaningless
letter strings.) .,

Reicher's fesults appear to support thc wnitization theory »mcc, when
uords were displayed each of thp two letter ‘alternatives fome& a comoh word

_ vhen included in the .appropriate dn.splay position. The effects.of orthograpj\ic-
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redundancy should then have been controlled for and climinatcd as' a péssibic

cause of thc word advmta;,e over nonwords. }b\sevcr, \hqsaro (1975) has argucd
that redundancy can st111 play a role m the Relchcr task™if the’ <ub3ccts
attempt to synthesize a word from lctter and featural mformatlon beforé thc
two respo'lse,altcmatlves are: con51dered. In this casc partlal information
about the cntlcal letter could be used to assist the’ S)'nthe51s of the
actually- gresented word on word trlals thus 1nsur1hg a correct rcsponse. On
nommrd trials, houe.rer, thlS attempted synthesb would fail or drrive at a -
/‘vord that was not actually presented. 1In most cases the subJect would then

be left mth two altematlves betueen wvhich to choose and nelther might mtch -
‘any letter that had been identified. Because of the grcater potentml for - .
fallure in the synthcsm process on nonword tnals, the probablhty of a correct

mspmse would be' less than when words were presénted., . = .

’

Reoogmtlon experments similar to Reicher's (1969) have been 'used to
demnstrate that letters are more perceptible when they are mclu;led- in ortho- .
graplucally regular and pronounceable pseudowords than when -they are part of
&n jrregular string _(Ademn & Smtl;, 1971; Baron & Thurston, 1973). One can
understand how pseudowords could .be nore. perceptible than irregular nonwords
from eii:.l;ér an inf;::'ence or a unitization point cf view. Pseudowords could be
p'rocessed more eff:c:ently betausc their fegular orthographlc structure fncﬂl-
tates tetter identiFication. However, pseulomrds contain letter clusters
which an. familiar components of common words, and ‘these umts might be reccgnized
directly frtl 'thcu' visual features. In eithex case, the use of redulancy could ’
operate at the fcatural level, basing identification of the entire display on - .
- fower futures than those nccessary to ;dentlfy a1l of the cduponcnt Tetters .
~ 8 M \iere to be considerad separately. R

‘ . 0

b

e

\

)

’

LY

-~

"

g‘m» W



T S | ‘ L 397 -

’ . .- »
F.f. v o . ) We have reported the result)s of s'everal _experiments designed tc test /
‘ | tmfere,nce: and unltxzatlon hypt)thcscs in a task liké .Rejcher’ s. In dnc study
(Juola, Leav1tt, & Choe, 1974), the dlsplays 1ncludcd common.words and ortho- .
/phxcal§y regular pseudowords Lgﬁter alternatlves w’ere speciiied elther
1 in advance or after the display as in Relchcr s sgudy. In both condlnons,
letters were shoyn to be ore perceptible in  words " than in pscudowords.
Although the psei'xlmrd\/nérx@rd-differcnce diSc.ussed earli'er is consistent with
- either an inference or wnitizatioh theory, an.a&.ditfcnhl perceptml a&!vantage -
. ‘ﬁer words is consistent only \uth the wnitization \iiew This is under the
assuvptlon €hat the pseudowords have m fact been equated ulth the words in
terns of orf,lngraphlc structure "In the abseﬂce of any agreed upon and .
.. general fet of ‘rules for determining the degree of orthographic regularity
/. ‘.in ietter'strings, this last assurptiorx cannot be validated (Verrezk); § Massaro,
-this volume). ‘ ‘

o0

. .
P R ] - .

; ‘ ., It should be noted 1 r.hat there ‘are experments smnlar ‘to Rexcher s wluch

- fail to show word superxonty effects 'lhese sturhes have typlcal,ly mvolved

. practice with a fixed and smll set of letter alternatives ‘as well as, sometmes,
- spec’iflc hxbwledge about the relatn(e positxon of the critical letter in the
"Wisplay (Bjork § Estes, 1973; Estes, Bjork, § Skaar, 1974; Massaro, 1973;  *
.. - ﬂnlpson t‘. Massaro, 1973). We argue that this variant of the Rexchcr .procedurc
o dxsrq)tSothe normal strategy of attenptmg to recogmzc the dlsplay before

; -~ considering the response altermtxvcs &nhcr, practice w1th a SpClelC sct

of letter altematives encouragee a lettcr-proccssmg -:.tratcy that results in

"the df;use of orthogrnphlc infomtmn or pcrceptu.nl units larger than qmglc
, ‘letters For these rcasons we have ;allcd expermcnts using 4 fixed sct of
. nrget letters for a series of displays dctectun tasks_ to distinguish them
.' . B .

.
L L]
- * * ‘
L]
- Y .
l -
1 o
, LI . .
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from recogmuon tasks of the Re1chcr t)'pc/ Consistent \nth t)ns dichotomy, ‘

Juolﬁ Gloc, and Leavitt (1974) demonstrated t}nt the vmu.il similarity thhQCﬂ

- -

two target letters h:tc no effect on rccogm_tlon pexformance, bt greater simi-

larity produces poorcr pcrfomancc in dete tlon (see also Tnompson 4 Massaro, 197.))
"This dlSCUSSlOﬂ of thc hOl‘?SUpCl‘lOflt)’ eﬂ{ect has been 1 1m1ted to a consid-
'eration of data apd thconcs relevant to perceptual I‘CCOgﬂltl()ﬂ tasks. 'mere_ "
are a numbar of ot’her experiment'a} procedures: that have a/lsq béen uscd to .
| demonst'rate advqntagcs for words in perception, and some cf these might prove
. ' to be more practical in experimental work with children., For instance, a task
involving search for a given letter in a'dis'pléy containir;g several letters
can be performed by children who have not yet lcarned ‘the x.ames of the letters.
' The use of this type of search task also allaus‘ }or the study of pe1ceptual =,
processes involved in recogmzmg the d1splay information and subsequent com- '
parlson processes operatmg between the target letter and thc encoded d1spla> 2
mformtlon after it has been recogmzed Fmally, thlS procedure el1mmate< B
nany of the n\otwauonal probléms that can anse for\ subjects (especxally chlldren)
- . who are icontmua\lly\'-ccmfronted w1th br1ef d1splay= that ‘are difficult to Ldentlfy
In the remaindcr'of th1s paper we will ‘discuss’ some earlier results from

F ° ‘C' M
N /\§ y;

visual search tasks that 11ave been desxgned to study developmental proccsse?a .l

.

related to readmg abjlity. We wiil-then ccinsxder the data from a study of B
/

visyal search recently completed 1Q\§pur labdratory Thc results are 1clcv'mt ’ :

-~ to. the -issucs of how ah1ldrqﬂ learn to reqo%m awords rapldly ‘and how thov Lomo
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; to.process words in mcmory after they ’.havc 7eeh recq;nuzcd
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" Visual scarch tasks are of twb general typcs; one involves large displaps
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or long lists of itenw that must be searéhed using several cye fixations '(c g.,

» .

-~ Neisser, 1963), and the other involves the presen*atxon of a small amount of
.. 1nformation to central vision such that it can be processed durmg a smglc
,, / ' | | eye flxatmn \L g.,~1\tk1nson,~ Holmgren & Juolg 1969). Krueger (1970a »b) )
; ) « has’ shown that a slngle target 1~ - n be ﬁ)ur}d faster in, both kinds of .
i) - . search tasks if words rather thuu .1pron6unceab1e nonwords are used. Krueger

com:Luded from his research that femiliar and hlghly redundant words are encoded

-~ [ .. L .*more rapldﬂy than 1rregu1ar nonwords but’ subseqmnt comparison proccsses are

3

/T, largely. tbe Same for the two types of displays. We tested this concluslon

X s du‘ectly by presentmg visual d1sp1ays contammg from three to five letters .

.. that jere elther common words or orthographxcélly regu ir and pronounceable

TR e

pseudawords (Gllford- § Juola, 1976) A dlfferent target letter was spec1f1ed .
‘ \ Vo
. on each trlal and it was included 1n the d'isplay on half the tr1als (posnwe ’

=

response requxred) and it was absent on the other half (negatWe response

‘. N\ .ret;nred) In this task erroys. wcre relatively infrequent and the relevant

R L4
Ex

data are response latencies .. Gons1=tent with earher fmdmgs (Atkinson- et

,. .8l.; 1969), response times 1ncreased lmearly with the number of’ display "
jetters. The’ slopes of fﬁ{ best ﬁttmg linear equations were. equ1va1ent for .

. posxtlve "and negat\‘é' trials and they were also equal for word ‘and pscudoword

e N
. f
.

L displays. Honever, the overall response t1me was about 40 mlhscronds fastcr

for words than for psetdowords. . . ¢ ,:
" In order ta- interpret these rcsults it is first nccessary to-develop a ‘

lodel “for vV1sual search mvolvmg the mfonmtlon .available in foveal vision.
le assume that when a single targct lett?er is prcscntcd it is held in memory
. a8 ovlsual code. (It is possrble, as ‘l{)wnsend and Roos', 1973, have argucd,
that .the target ipttor is hedd in either ar “auditory or a visual \fonn in
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g preparatlon for sqbscqucnt processes which can be based on either type of code.
- !

: J‘#e argue, .howcver, that thlS typc of ss:arch task is based on vxsual codes, k\
and we w111 supporx our‘ argument w1th data that are discussed later. ) When

the visual display is prcsenteql it is-encoded into a form compatlble mth the

-

- ™ - target item. The target letter is then exhaustively compared w1th each of the x?
: items in the display befo;'e a decision te make a p051t1ve or negatlve rchp/onse

1s made. 'Ihe interpretation that the comparison. process is exhaustive is rcquired

by the; rQSult that response times increase at the sae rate for positive and

.nega/t'&e trials. A search thilt terminated with-the finding of the target on ~ - r

' pdsitive trials would produce a function that increasec'i half as rapidly

, aéross display size as’that for negative trials (Sternberg, 1966). "Ihe' inter-

: | ' pretauon *of the oVex'alI woud-pseudoword difference would be that words are

. -encoded more rapldly than pseudowords, perha‘m by being recogmzed more often ‘

as smgle un,1tsr “Once encodmg is complete, hbwever, the quahty of the

T ' encoded {etter string is equivalent for words arjd pseudowords. This conclus"n
; -

: is based upon the finding of equivalént slopes of the functions relating mean,
- - ~ - -
E . response times to mumber of display letters’for words. and pseudowords. Accor-
% .

. dmg to the model, these slopes are estimates of the ¥etter comparison times,

_and théir equiia}gnce for words and g’ieudon'ds indicate that the iomérisml
pjocess is the same for both types of displays. '
“The ‘model can be summarized by representing .thé processes that occur
) between dlspla) onset and esponse output as 2 serjes of independent stages
" (see Stemberg, 1975). These mclude display’ cncodmg, lctter cenpm:uon re-
sponsc decismn, and response execuuon. The ovcrall mean rcsponse tlimc is

-

_—" ‘assumed to be equal to the sum of the mean cxccutlon times for cach of the

stages. Note .that we are assunmg that the comparison stage- xs thc only one .
.o - /
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. affected by the number of display lettets. Although ve -could assume that the .

encodiné process takes longer when a larger number of letters is present” in the
display, we‘.then would have expccted different results. Any ptocess that
. “ changes as a ;mctjpn of display size should result in changes @n\hc slope of
the function relating fesponse time to the number of display letters. If words'
tend to be percejved as units and, .pseudowords as several spelling pattems or
individual letters and "if encoding time depends on the number of wnits bemg
recoghized, then the slope should have been less for words than for pseudoword
displays. ‘nus was not the case in the Gllford and Juola data ananuLassuup o
tion that encoding time is a constant for from one to about five unre cq
 letters presented foveally is supported by other arguments (Massaro, 1975; '
- ~Shiffrin § Gardner,’ 1972). SN T\
T\ v ’ -In the next’ section we describe the Tesults of a v1sm1‘ search experiment
that was designed to answer several questlons First, the model described above
was to be tested using word, pseudoword, and mnword d1splay9. By samplmg a -
wide range of materials that vary m their structural similarity to words as -
. ‘ @11 as in then' famhanty, We can more adequately test the inference and
‘unitization theories of.word perceptlon. We can also more closely assess
- whether recognition or v1stnl scanning processes are affected by these variablcs:
. Second, these methods were extended to the study of visual search in children - ]
| at different ages and levéls of reading instruction. This allowed us tzo ‘d‘etcriﬂ
7 'mine the effects of learning to read on perceptual encoding and lettcr com-
- porison progesses. The aim is to gain more evidence fory how words arc pcrtc?vcd ‘
" and how changes that accompany lcamning to read affect visual processing “»

= - 3

- ’ capabilities and strategies.




- A Developmental Study of Visual Search . ’

There are several published studies of visgal scarch "performance in

L]

of six-letter words, psexﬂdidords, and nonwords. Although the adults were about

: 1

_children. For example, Krueger, Keen, and Rubfevich (1974) compared letter o
- ) search performance in college students and fourth grade children using displays !
- . - [} .

twice as fast ovewall as the children subjects, both groups showed about the §
same amount of fac111tat10n for words over pseudowords (about 3% ) and for words .
over nomwords (about 9%) Krueger et al. also found that children w1th better
' reachng skills tended to §earch faster but that reading ability was not _re-
lated to the relat1ve differences between words, pseudowords, and nonwords In'
a similar study, Katz and Wicklund (1972) presented smgre letter targets ‘and )
visual displays of: bne, two, or four tm'elated letters to second and sixth- -grade
cluldren. “hey reported that dverall search time as well as ‘the increase in .\
search time across display size were both greater for second -grade than. for
sixth‘gl{de children. They reported no reading- oblllt)’ effects on search per- i
fongance and concluded (as Perfettl and Lesgold th'is volume, have for adult

LS

. subjects) that. reading ab111ty is related only to visusl mformatmn processing

T

) skills that exceed the span of apprehenswn. ' )
‘ . Our research was designed to extend these result$ by covarying display size
and display regularlty \uthm subJects. 'nus procedure éhould allow us to
1 localize the processing stage or stages affccted by differences between words, . </
- pseudwords and nonwords Ne also recoghize the nece ity to investigate ’
j \lord processing skills in younger duldren, in order oo study the changes th1t .

oceur in word perception as children learn to read /Fmally, we want to

:’
/
Mno mrg closely the relatxonshxp between readmg abx),rty and v1sual seav:»

~ !
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Our experiment was carriced out using identical sets of: materials and p

dures for groups of college students fourth grade, second grade, and kinder-

" garten chlldren Each group contained 20 md1v1dual subjects who were nm in

two or three separate s The task sequence connstcd of a’1.5 second

presontatid of a gle tafget . tter followed by a visual masking field
3.

for .5 sec was folloned by a 3- »4-,0r 5- letter dlsplay 'lhe‘dlSplay
contained the' t-letter on halY the trials. 'lhc subJects indicated whether

the tilrget was i)resent or absent in the display by pressing either of two =
response buttons Both speed and accuracy of ‘responses were en;;hasized in the
mstructmns Al subjects were tun for 270 trlals/hwolvmg one trial for \
. each of, the stimuli shown in Table 1.

o ..

'lnsert‘l:ablel,ébwthere . ' ot

Y

. .‘ The stin:ﬁi vere selected from Kufera and Fraocis (1967) such that (a) all' .
wor'ds were'amng t.he most freqmntiy-ocwrriné words. in Engiish (averaging about
275 occurrences per million’ words) ) mean frequency was approxmntely equated
across 3-,4-,and S-letter yords (c) all words contained one‘syllable, and
(d) no letters were repeated w1th1n any word. The pseudowords and nom-'ords
were formed by making pronoumeable and mpronounceable anagrams of the words,
although for about 11% of the stimuli a single letter in the.word had to be
changed in prder to form an acceptable pscudoword or mmmrd anagram. The

orthographic regularity and pronounceablhty of the pseudwords was a(’fmned

(and necessary changed’ made) by five mdcpcndent Judges. They also certificd

’ the general - unprenouncea ility of the’ n-regular nonwords.

1‘he stimuli were typed in lower case letters and photoenlarged so that
they could be seen clearly and in about thexr normal readuig size when presented



ina tachistoscope (A fibe- letter word subtended a horizontal visual anglc of

ahout 1.5 dcgrccs ) The assignments of tatget lctters to the stum)h were

"

made for two dxffercnt stimulus sets such that each display was used cqually
often on posxtxvc and,negative trials within eay(gup of subjccts, and on

p051t1ve trials, the target lctter appearcd about equally cften in cach serial

‘ p051t10n of the display The collcge student SubJects were voluntce'rs who

participated in the cxperment for coul'se credit in an 1ntroductory psychology

=

N

\ (WRAT) and were p

course at the University of Kansas. The chxldren were rccruxted from local
p\bhc schools. At the end of two or threc: ‘experimental scssions the chlldren

> )
were tested with the orgl reading part of the Wide Range Achievement, Test ¢

d $3. 60 for their participation

.

The results ill be presented in two parts the fn'st is concerned‘thh the

overal} visual sea¥ch data and the second is copcerned with the,effects of ’
display type. Figure 1 presents.mean response {imes for positifre and negative
rsponscs separately for each group of subjects. Bch overall search time and
sar_ch speed (as measured by the slopes of the best-fftting lines) deerease .
with age. Further, there is an apparent sh1ft in processmg strategy from .
cgarten subJects .to older subjects. Whereas the slopes of the functions ”
mtrami negatxve rcsponses are abdut equal for adults (bemg about )
25 milliseconds per letter and 28 uulhseconds per 'letter, Tespectively), ‘the
positive slope for kindergarten chxldren (172 mlhseconds per letter) is about

-

'halﬁ the mggtxve slope (331 milliscconds per letter). The two-to-onc rat;o. -

of negative to positive slopes is what would be expected if -a self—teminating
search process were uscd. In this casc, on the average positive trial only .
about half of the dxsplay lettcrs would neod to be scanned before the target ‘
would be fomd and the proccss teminated. The relatlvcly slow search rate .

R
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" of kindergarten subjects is also ‘lionsistent with a search strategy bascd on
% . -

-

405 .

»

aulitory codes.. That is, it i poés,i‘ble' that the kindergarten subjects.gucs—— -

g : - < ! . ) . . . :
;oo ceSsively named each display letter and made a positive response as soon as this
I name matched that of the target letter. The results for children in the .second )
- . ‘\ R " N ) ~ . * h
- dnd fourth' grades were more consistent with the adult, data. For ‘these sub-
/’\. A\ . . [ .

. .jects; t!m“comparisop process can .1327 more adcquateiy described as} rapid;

; exhaustive scan of the -target’ letter against all of the display letters before
;g: arT e is made. . ‘ ‘

? \‘,u \ ) ‘ ]

. " Insert Figure 1 about here X :

é » L : - - ) ’ .
- . The data in Figure 1 combine mean response times for wdrds, pseudowords, °

‘ ") o, R
| ‘ '
» N

ﬂldvnmvfrds. The effects of display type did not intera& with the number of
display letters. That is, the results .rep{icated and extended our earlier o
Findings (Gilford § Juola, 1976) indicating that the search process is the same

%fwords, regular pseudowords; and -irregular hofiwords. We"éghgludc that thi,s'

°

. %

' _search proces;' is based on a visual image of the display that doe.{ not vary:in

quality for the various types of letter strings. There were sigx:ificant

" differences between the overall respofise times for the three displa):"typcf; but -
these ‘effects did not interact with response type nor with the number of display
L. lcttel:s. nierefore, the data were collw all variixblcs except for

display type and age, and these ;és\alts ard shown in Table 2.

-

W
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. Insert Table 2 about hcre

~

] ) * . . ' " ‘ N -
" Aafh, as can be scen in Table 2, the pattern of results obtaincd for+ /"/
kindergarten subjects was different’ from that obtained for the other groups of «

I -

. L4

. 4
o - : i3 I3 = - = E L
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A
- subjects. No significant differenccs amo;\g thc mean réspbnse times for words, ‘

A

pseudowords and nonwox{ls were found for kmdergartcn children. All other ‘e

- ,—-——>‘ groups showed the sdme ordcr g of response times with words resultmg in

. fasdr responses than pseudoword “which i turn produced faster response than
nonwords} Although the main effect of d15p1ay (x.pe was stat1>t1cally s'1gn1-
f1cant for second grade, fourth grade and college subjects, the word-pseudoword
d;fference waﬁ" not 51gmfu):ant w1thm any group. : .

These results stand in apparent contras.&lto ﬁiose rqoorted by GllfOl‘d B
| ‘ and Juola (1976) in whlch a Yeliable ad- mllhsecond advantage “for words over I

? . . 1

// pseudouords was found. They used a | search task 1mrolv1ng similar mz_lterlals
- . A .
=, - _ .and*procedures with two exceptions: (a) The displays were 50% smaller than theose

used in the present study. T;\e sri\eiller displays ﬁere'*somewhat more difficult .
.{ to ‘see, and if Indjvidual. Tetters had been prestnted they would have been ‘ j

- recognizable oy by sub)ects ‘with normal or bettér acmty (b) Only words S

-

and nseudowords were. presented, thus words occurred on 50% of the trials, versus .

- 3\31 in the pre®nt sEudy Either or both 'of _these factors could have reduced

‘,,“.mw
L

e

the nagm,tude of the word advantage in the data reported in Table 2 byy«lessenmg .
" the stbjects': ‘reliance on a whole-word prpcessing strategy (see alsc®Aderman

o

_& Saith, 1971; Juola, Taylory & Choe, in press; Bim\elié, 1'974).

3 TS TR P Sk N
e W et " .

a The mean error rates across all condxtlons decmsed w1th age, from 9.9%
‘ for kindergarten children t;o 5;7 334, and 2. 6% for second gradeé, fourth /
» . grade, and college students, respectxvcly.. Altnough the error pcrccntagcs
\ showed a slight, 'increaae as: the nwbo&r of dtsplay letters incrcase, the type
. ,ﬁ - of display (vord, pseudoword, or namword) had no significant effect on the
‘ erIOr TAte. These resBlts Bllow the response time data to be interpreted
diuctly. without attemtmg to account Tor speed- accuracy tradcoffs mth\:ﬁy..<

. -
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‘ . - Finaliy, there were no consistent relationships between read)ng ability

as measurcd by th«. hR\T and any o{ t’hc results reported here. A few relmblc\
DN correlatlons were fm:nd between reading level and overall response time, /
scanmng rate, and word- pscudouord-nonword dlfferences but thc pattem of
¥ resultsiyas inconsistent across grade levels. Unless we can _f1nd anothey ‘
measure of reading*skill that leads to arcllable pattern pof résﬁfts. we infill N
Y be forced to agree with Krueger et al. (1974) and Katz and chklmd (1972)

that word processmg skills as measured 1n v1sual search tasks are not closely .

PR o

. related to reading ability. iy
. . [y [] . N L;
"-'?i._’ T K ) 'Stm:'.ydeonchsiong_ o o ‘ ‘.
- . . R \‘ ) . ] . ] -
‘ ‘l'he.fai:‘t that words are mre-pér?:ept\it:l} t strings of unrelated lbtters .
: . - has been demnstrated in many experments (see reviews Henderson in press, -
v, / . Huey, 1908; Juola, 'l'aylor, § Choe, in press' Smith § Spoeh? 1974) - Yord

sq:enorxty effects in perception been mterpreted thhm two tneorencal ;
\?/ framéworks. One theory assumes’ tha ters are the prmary mits of recognmm,:
ad mferenc{ based- on orthogr;phxc ]mowledge enable word and wordlike .letter-
" strings to be recognized more et’fxcxently than stnngs that vxolate r‘:ules of
. English orthography. A second .theory assumes that frequently-occurring letrer
clusters such as spelling patterns and common words are ‘learned as pe’rceptihi' ~

! o mits through readmg cxpcrlence These higher-order units are then capable g
: N otg being recogmzed dxrectly from tj\exr primitive visual features, without ;
o’ ] : necessitatithn—or letter 1dent1f1éatxon Although several rccent experiments

,have been specifically designed to settle the inference versus unitization
issue (e g » Juola, Choc. & beavxtt 1974; Smith § !hvu:i’ﬁd 1972; Thompson’
& ﬂassam(, 1973), 1% is unlikely that we will be able to éliminate ohc or the

g1 - g




other of these theoricsl givgn our presénte

'y

ment of word supenonty effects by using a letter search task.- Fmdmg a ¢ .
given target letter in a visual display containing scveral l_ettcrs is a task -
which can be performed by childrc;\ who have not yet leamed to read. By exam- .
ining search performance in children in sevcral primry gr:.;des, we ﬁoped to

leam about changes in visual information processmg capablhtleé that accom-

pany leammg to read. If word\ superiority cffects mNept.mn dcvelop due

‘) to lwmmg orthographic rules or to mtemahzmg spcllmg pattern and largc‘
wits, then? teaching. methods could be d351gncd to fac111tate the aCQUISItlon

4

_.and use of perceptual strategieatypically esployed by children in recogmimg
words. o

* Our, results have-shown that children at least as young -as those in the
second grade can use their knowledge about English words to speed visual search

perﬁomn..e ‘l‘hat 1s, dec1sxom about whether or not a, glvem targe( letter is
present in“s three- to f1Ve-1et£cr dlspla)' were " made wore rapldI) for words ‘
and orthogrpahlcally regular pscudowords than ‘for 1rrc;:ular nonwords. ‘Ihc ad-
vantage for words and pseudowords dver mords appcars ‘to be locall-cd in ’
reoognitmn processes, sg;cc scarch rates did not dif fcr for the thrcc types of

- displays The lack of a slmxfxcantdeffereme bctuecn performncc for words -
I\d pseudoworids would scem to indicate that cither inference hased on Jnowledg
of English orthography or the useof spelling pattcrns as s'rccptugl wmits is

’ .
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- the key to the word 1dcnt1£1catlon process.
,E_. . . Our_ resnlts ‘have also_shown that mpor_chanfos in visual search perform.mcc‘
g; ’ accapany lcarning to read durmg the first years in uduch the skill ;s ac;qmred,
; ,".‘ - I1\ contrast to the second grade and oider subjéct groups, whose scarch clata

are more suular than differcat, the kmdergarten\:hlldren show an entlrel{
differcnt pattern-of tesults." First, thelr search rates were much slower than c
‘those for older children and adults, and could conceivably have been based on
auditory- encodmgs of the letters rather than on visual codes. Second, the

search process ‘.for ki.nder;arten children teminated with the finding of a

match with the ta_nrget letter, uhereas subjects in all otler’ Jups ® were apparently.
) mre hkel; to usy an mmtlve scamfing process. Fmally, ’the kindergarten
‘abjects showed 0 dlfferences between ward,, pseudoword, and nogword displays,

‘ ting that ’thgy were qll procgssed in an identmal letter-by-letter fashxon .
In caltrast, secqld and fourth grade children and ahult.s showed smu,lhr effects - .‘
" for dxsplays (;nth regular spelling patterns versus those that were Jrregular.

Mat is sb;ectgéa!pt for those in the kmdergarten group responded

moTe y when words or pseudowords were presented than when nomords were
displmd We conclude that these differences between' kmdergarten cluldrcn , -

] g "mdtlmeinthesecmdgradeandbeymdaremtdmgas-xhtomturatlmmd

mu;‘ww‘q‘ L T R LA
]

B L R

1 T general learning expermnce\as to specx&c slulls acqmred during reading 'md

E / re-dinz mstruction. T e _' ’ , . o
3 Thelack of any correlatxon between -reading level and usual scarch per-

; R ) fomnce is somcwhat surpnsmg to us despzte ‘the equivocal evidence prcwntcd -
earlicr (Katz § Wicklund, 1972; Krueger, Keen, & Rtblcvich 1974; Perfetti &

huold this volune) We are not rcady to give q) on thl’s 1ssuo, however, as
njor changes in visual searchéperformeﬁ appear to occur ‘quite rapldly, our‘

ow - N . -
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. retain and comprchénd the mermtlon gamed from several eye fixations (as

data show, no cffccts of - ortﬁdgraphlc rcgulapty in kmdergartcn c}uldrcri, yc.

the completc pattern of (rcsults observable in thc adult da(a was also ohtamed

”

for sécond grade chlldren he sbeheve that; a C'xoser mvcstl ganori of the re-

_ L

-

latlonshlp botween- readmg ablhty ‘and- v1sua1 search .perform!mce should he 4 -
made at the first grade level--when changes in visual scanmng strateglbs .and
the use of redmdancy m l:nghsh words./shmld first occur. 'nus approach

should be frultful in‘using v1sual 3” rch tasks to measure changes in. perceptml 4

" processes that parallel deVelopments m readmg ablhty ‘

Fmally, we are in- general agrecment w1th Venezky ;md Nassato.,s (thls/'
volme) dlscussmn jof the best-kept secret in readu;g ms‘tructlon. Phomcs
trammg apparently has more long-range benefits ;han the~ development of
decodmg shlls. Resurchers from Fhey (1908) to l(lexmn (1975) have -argued

.that \as reading slo.lls mcrease, rehance on phonemic- encodmg plays a lcsset

role in word recognition, and the process becomes more dependent on purely
vﬁual codes 'l‘his is not to deny that phonics trammg is mportant as an aid
‘in decodmg when V1sual recogmubn fails We also recognize the fact that .
pbonenic oY more géneral audxtory codes\ are mportant in reading in order to

£

lhey and Kleiman have also clamed) Nevertheless, the. route to rapid word
iientificatibn and slu}led reajhng depends on the development of visual
_processing skills tha} ‘nake userof orthpgrapluc regulantles or - the diréct
recognition of freqqently occurrm" letter clusters and mrds. If this is the

- .j°l skill /.mreadmg g;hat is to be learned, then perhnps phonics

training should specifi\cally include eq)hasis on the regulantles in Fnglish
orthogmphy ﬂ\e mterials nomlly used to tedch decoding could then be de-
dﬁd to f#{uute aupisxtion of npid word recognition skxlls that are .
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o . B Tablel% .
.- List of stimulus materials used in the visual scarch qkpcrimcnt '
"’ o s
- ) ) «Three- Letter ; Fourl Letter | - Five Letter
A act | best. board )
‘ air , born \ break ' LY
. . ask .- t;oih chief
3 big s come L claim p '
‘bit fear _Clear
’ - boy game , earth
f car o girl jféitl{ e
. ) . cut ; gone field =
: ' ' far head$ ;'oqns .
‘ Pew - heatg' . great —
. hour heard .
jusf horse
king "house 4
lead large -
left. np\th A
line "night o
near pla;lt :
pain quite ’
". rate " short
rost ’ shown ’ ’
rise ,sig'ht
. shot - south
“sort o speak . , ¢
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Table 1 (continucd)
> " WORDS

\ -~

Fbur:lettegg

step ~
‘take v

P A

-

©
o

* Praitent provided by enic [
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Five Letters

stage
think
third .
those
trade

young
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S ' Table 1 {continucd)
‘ - PSEUDOKORDS * | |
" Three Letter Four Letter Five Lctter'
E ) tac " steb o droab
ain . bron kreab *
‘ sak thob - fiche
‘. ¢ gib . moce chain
f/// ) ‘ . tib // rafe = . . crale
. | yob . " -meag thare
rac . gril thaif
. tuc . noge flide
- raf . hade ’ morfs
: . wef 4tane‘ trage
bl gos - bour heafb
‘mug | pust © harse
. dit gink *  bouse
oth ' dael grale .
nomth b
ginth . .
‘o L
. glant
tique ,
) trosh :
) whons ‘
' thigs
\douns
Mith
skape




" Table 1 (continucd)

. : . PSEUDOWORDS . : T
. " Three Letter . - TFour Letter Five Letter h
s nur spet geast <
< tas’ tade '
’ . ase nowt
, a
nos rute
. s trun . . drate -
wot , mest * : yourg
»
;
@ | ’
. .
/ .
B \A
‘

u
+
-
-
¢
\
[
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1 ‘ > T arw

C e

#itb
! ctu

rfa

i | wfe

! / L s

X ;. ugn

: ' hti

Table 1 (continucd)
NONWORDS

" "Four Letter

tbes
bnor
btoh

rfea

‘ rlig

. ew

Five Letter

rbdoa
krbea
) (&feiﬁ
_ lcmia
l1aec
htrae
tf ial.\
dleif
sfmor
Ttacg .
rdhea

416 I




Three Letter

Aru

tsa

csa
nso

\nsu

Table 1 (continucd)
NONWORDS |

Four Letter

tpes
tkea
nwot
oy
uetr
ntur

wtes

417

Firvc Letter
gsact

* tknih
hdtir o
htsoe

tdaer

ngyou
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" Table 2

a ( -
B Mean response times (in milliscconds) for letter scarch in visual .
o c.liéplays of words, pseudowords, and nonwords
I\;‘\“‘
' Display Type . .
- - ' ' : Words - Pseudowords . Nonwords. P
" College Students 543 * 553 . 568 |
3 ~ Fourth Grade Students 933 945 © 967 “
Second Grade Students 1,258 - 1,266 1,301 . 7
, . 'Kindérgarten Students | 2,128 2,112 2,104
! ” , '
i , :
.
z >
= - i ‘7 i‘
g - . N s _JE
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‘ Figure Caption
_Figure 1. Mean response times for positive and negative responses
Y e
‘i)lotted as functions of the number of display letters for kindergarten,

second grade, ‘fourth grade, and college students,
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" OPEN DISCUSSION OF JUOLA PRESENTATION 3 .

r) -~ . I . -
. . } . . 5

: ] e )
- CLAY: Do you have any information on the letter Knowledge -skills of the

kinde ten childrem? Had they already acquired letter knowledge?

t
ldndemrten chudren in our snple were able to name the letters, and 1 think

\ * @ight be a prodblea in our aanple. .

. e are saying thit second-ﬁrade children show as much -use of o'rtupgraphic
redundancy, Br use of familiar ].a{ger units a‘s adults. Our second-grade shildren
- mt at about the fourth-grade level of reading. So we have all the more reason

,. to use theao proeedures to work aith firat-grade, beginning reading children. In
. L4

L]

,ract, ‘W (u doing that; we Just haven't conpleted our researgh.
’ 1 ) 3 '. . I : ' ’I ’ . '
SR : ’
cux In New Zealand, children. go stuight mtp readinc words in context.

- lunnn‘ their htten 1n context, so we did rind thia\@ndemrton/rint-;nde

;:; difference you would ‘oxpoot to find; homor. .on &y test materials of -
c - umrm children in the States, I find that they have tbis m.w- moulod.c
5 s, :

< .7 before they ‘star} the otm-visulbncinniu learning.’ Y

%‘ . " : | BRI T .

the ef'rors thoy nln‘l M you ;uo thea a target letter tm 1: not contained
’ '

f;:ln th m, tor uupl.o. are they.more uply to uy-m. vhen tht urget

JUOLA: He gave them all the Wide Range Abhievenént Test. In fact, all of tfxe .

their Mean readim level score on the Wide Range Achievement Test was 1.5. That .

, SMITH: !eu said that the dau tor the kindergarten uu "suggest that they -’
may- h using some kind of phooetic-or acoustio rcprmnuuon. Bave you examined

"

e
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JUOLA: We do have the trial stimuli and errors, but. we haven't analyzed them.

yet. . . . . .
. - 2

I stated that it looked as if auditory comparisons could be going on;'due to

o

“the fact that the kids are processing displays at about.;hree letters per second.

The ovidence for auditory comparisons 13 based qn estimates of rates of implicit
speech generated in’ questionable experimeﬂts with adults, so 1 really don't have
any ou}side‘eyidence to support the claim that comparisons could be auditory for
kindergarten children and visual for older childreﬁ. I an certa@nly comfortable

with that interpretation, however.

DANES: Do you have any explanation for the large difference in the y-intercept
for the kindergarten children? They are going to cross at two, and extrapolating

down to zero, the negativé intercept will be less than the positive.

JUOLA: That is not true. The negative intercept is going to be less than tha
positive intercept - for the kindergarten children, uheéeas for all other people,
if 1 extrapolated that tunct;qp,<you would find that the intercepts for - positive

e

and negative-trials-would be about the same.

DANKS: Do yoq)havc any explanation for that rather large difference?

JUOLA: If you look at the equations for self-terminating versus exhaustive

,&_scanning models, you see that some part of the comparison time does go into ths
) positive ercept in the self-terminating model, and it does not in the

/

VEERZKY: Jim, howv would you acdount--in the 3odel you are talking about, Ed's

41,

=z Z_ = .
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model, or anybody else's informaction-processing model--for what goes on when the

alternatives are tiied; that is, in the case where you wipe out the record?

N * - , .

JQOLA: I imagine that when the a;terqativea a;e not fixed, you are §ry1ng' to
pr?oeag the information with respect to gxisting bategori%: in memory; that 1g,
th; categories for letters, spelling patterns, and whole words. 1f I fix‘éhe ;et
of letter alternatives for you and use them for 10 .20, or 3p trials, 1t might be
more qfficient to aet up new categories _3pec1flcally rér this
loxp‘rinent-acatesoriea .that depend on only a ?nall number of featureés--in order
to make the coritical ¢ .inction. It might be more efficient, Tfor example, to
say 1 am going to look for a crossbar in order to distinguish gn‘L froma . 1
will only have to detect that single feature to make a distinction between an |
and a C; I wgﬁ't have to process other features tha. might be involved in
deciding whether or not this letter belongs to an exiating“categori in mesory. 1
would say that an effective strategy, when the letter categories are tixed{ would
be to set up new partial, limited categories, that could be bstter matched to
feature representation than could existing categories of:thé larger list.
VENEZKY: Do you hypothesize, then, that the matching process could terminate
prior to the time the actual letter was identified?
. )

JUOLA: Yes. Essentially, that is why that strategy would be more efficient than
one in uhiéﬁ you {dentified the letter and decided whether or not it u;s the
letter you were looking for.

N | |
VBNELKY: Could you test that hypothesis by varying the similarity between the
two alternatives?

12
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JUOLA: Absolutely. In fact, the data that I showed suggest thﬁt. In one case,
the alternatives changed from trial to trial; in the other, we held the

alternatives constant.

VENEZXY: No, I don't mean that way. Let's say hoid them constant, bdt vary the
alternatives. ~~
. ’ '

JUOL{: I want to go back to the earlier experiment, where we showed word
advantages when the letter alternatives changed'from trial to trial, and no word
advantages when alternatives were fixed. ,We also looked at the similarity of the
letter alternatives and found no effect of simil?rity when the alternatives
chan;ed from trial to trial. When the alternatives were fixed, however, we found

a very large similarity effect, which would be consistent with that idea.

. : N
If you set up feature lists specific to the letter alternatives you are

looking for, you would probably have to sample more features to, distinguish the
similar alternatives from the dissimilar ones. Massaro also reports Qinilarity

effects in a task yhere the alternatives are fixed, and no similarity effects

where the alternatives vary.

VENEZKY: That's really reiarkab;e. Think what a low level of cg,ﬂ!ol that_
implies. Something continually bothers me about exhaustive search in the target
match. What would happen if the letter ciring came first and was followed

immediately by your target letter?
JUOLA: Do you mean a Sternberg search task?

VENRZKY: Because a resolution can take place first, you eliminate the resolut.on

43




Bl IR A
o

\ 431
May 21--P.M. o

N Vs

‘ /
‘ process, so what gives you the appearance of an exhaystive search? Ycu still

think you would enc! up with ,l:curves that. would show the auount of search?

\ aE
JUOLA: I think you are desc%ribing the Sternber; / earch task and an exhaustive
scanning process. - It aoUnda counterintuibfvv why would a search process
continue after a match is gbund? According - ;.o Sternberg, 1if a search process is
faster than a process, 1n which you- have to decide—uhether or not a match is
obtatned, it. 1\:\ ueually more erncient to complete the ;earch {proceas than it is
to check for a matcly after each ccn,bariaon.
, A

’

VENEZKY: ‘I suppose the serial position data should confirm this in some way. -

VENEZKY: Given, though, that there has to be some complexities.
JU0LA: I hope to bave the serial position data in the final version of the
paper; we don't have theam yet.

* . P
CALFEE: You showed a.mph of slopes for the last study, and you noted that the
vatio for the kindergarten children was two-to-one and that the other ratios were

" mot signift  antly different. What were the ratios, though? My eye picked up

-

JO0LA: They are all bounded between tuo-t.o-ono and one-to-one, but none of thes

a

are m The mm ratio 1s almost exactly two-to-one. Ue are
m across 210 mus, over 2 days for 20 subjects. It is conceivable that

T T
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e 7 @
we have a few people using one strategy and a lot of people using another

strategy. - g -

-

CALFEE: Suppose that instead of looking at data 2ad -testing the hypothesis, you
look for the relative support in your data for the hypothesis that it's a
two-to-one ratio for all groups, as opposed to a one-to-bne‘ ratio for the groups.

-

My eye suggests that the two-to-one ratio might get more support.

. e )
JUOLA: For adu'\lt; the negative slope is 28 msec; the positive slope, 25 msec.
That's almost a 'perrect replication of a study we did at Stanford in 1969, using .
co:fsonantx letter displays. The ratios are very close to one-to-one for adults, |
and the ;at:l.o increases as you go to younger and younger kids, until it’s almost
exactly two-to-one for kindergarten children. ' ‘

CALFEE: 1s it changing?

JUOLA: Yes, the ratio is getting larger as you work with younger and younger
. ~ . _
children. Again, I will be looking to-see if that’s a strategy-type effect; 1if

we do have "self-terminating®™ children versus "exhaustive scanning® children.

E. SMITH: When Sternberg originally proposed his search task, he argued that
when you get exhaustive search, it is likely to be extremely efficient, more
effiocient than self-terainating search. That ritu:beautitﬁuy with your data.

iit.h the kifBergarten kids, you only get evidence for self-terminating search

-when it is slow. -

- o °
g ¢

. JUOLA: 4hen I ran an experiment at Stanford, 1 ukc;l each subject; in the

= .

ﬂw
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debriefing sessions, exactly what he ‘or she was doing. One subJeet described,
exactly the two alternatives, the se;t’-termiuatihg search and the exhaustive

search. She said, "I 'use the exhaustive search, becduse it's faster and easier.”

’
o

-

’

JACKSON: As I sit through this, 1 am able to conceptualize why there is such a

gap betueexf research . and practice. 'If I were a first-grade or ld.nclergarten

teacher, I would have a great deal of dirficulty understanding what this

4
disemion means in terms yof, wbat I an supposed to do aith group 1 tomorrow

morning. 1 think it relates to thirgs that Frank Smith talked about Yye: ‘erday.
Maybe we do need to consider the relationship between the researcher and the

.
practitioner. 1s there a direct relationship oF is there a dichotomy? Are they

‘separate?

-

JUOLA: I an e'nti;tly sympathetic with that statement. B
ry
, ,
RESNICK: ' It may be uaefll to point out that some of these studies will have
their grutest value not inm telling us what to teach or hou to teach, but in

duoribinc uhat happens as children learn $o read; 1n descrj_.bim the growing

at;.pu to look at changes in word recognition and eventually sentence

proocessing. The next step is to look at those developmental ehaﬁges in the
ocontext of known instruotional situations. Different methods of instruction
ought to produce, or might produce, different kinds of changes over time; .that

is, different routes to becoming skilled readers.

~

80 ove part of what is going on hers is the examination of the effects of

instruction rather than the formulation of prescriptions for instructing. The

A\

-
,
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part of what this is.about. . -

[

/ CLAY: I want to respond to Shirley. 1 asked Isabelle Liberman about development

Y

Ll Tf‘"?"m‘l“yw%ﬂ}"r K

1 ;
in the visual area rather than in the phonemic segmentation area. 1 said that if

iou are going to quote Elkonin, then you n:l.ght' go to some of the Russian

. ',:/;

«é’”develop.ontal'psycliolog:l.sts, who have looked at v:l.sugl‘ scanning develop-emliy.

Isabelle said, "No, kids learn‘their letters easily.”

L - - -

¥

1 am sure lat;y of the . disadvantaged children have t.o' go through
developmental stages® in order t.o achieve lettenr identificatfon. I am delighted
to heax' the enphasia todpy on the developlen.tal "aspects of visual search, w&h
:ls helpful once ch:ll dren get 1nto more conplex components: of reading. 1 agree
entirely with the notion that because you put so much emphasis on sound, visual
mlya:l.s hag been almost completely overlooked. "I have been porld'.ng with

teachers to help them unaerstand some of this developnent in the visual area. 1

think this is very uportant .for the practicing teacher; there is a.

- communication here to be dealt in. _ N

.

' [

L s
JACKSON: All I am saying is that there isn’t that broker relationship, between

practitioner and researcher, in the conference.

\

. RESNICK: It takes a little bit of thinking time. It's not a quick turnaround

response: that does that brokering. That's part of the reason for the several

‘layers of discussants, the immediate discussion that we are having now, the -

roml discussants tonomn morning and afternoon, who have had a chance to read
the upon and reflect on them, and then that set of four uto;hun papers. It
is a orucial question, and I don't think either my comments or MNarie’'s were

attelpts to avoid it. We were only trying to suggest some of the ways in >which

)’
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things that may not look directly relevant--and', in fact, don't tell you what to
do tomorrow--are part of the effort we need to understand how children E:an learn

to read and, therefore, how we can help them.

E. SMITH: I want to respcnd to Shirley, too. I agree with you, I think therz

is a very noticeable gap. I think we should draw a distinction between the ¢

X,

theory of reading and theé theory of instruction. The talks you heard by _Ji-l‘;\"

Glenn, and me are exclusively concerned with the theory c_)f reading, but we were
uked't.o aée if" what we said has any upllications for a theory of instruction.
While ;ne would naturally guess that a theory of instruction will be related-to a
theory of reading, I think it is a mistake to think it will be the same . theory.

Perhaps that's what caused some of ush be thinking we should be talking the

- exact same lingo, and we are not. You can find plenty of " examples of this in

other fields. I don't think it i{s anything tc worry about. There is a great
difference between the theory of biology and medical practice, and this runs
through science completely, and has to.

» .
JACKSON: I agree with that. That's the reason I bréught up the comsents Frank

[N hd .
. made yesterday about the dichotomy. 1 have mot seen a focls on the dichotomy, if

:'; »
there is one, between research theory and practice.

VYENEZKY: I don't think you should accept what Lauren and Marie said to you. - 1

think you have to sccept the kind of research that's talked about herd as

fundamental research, motivated strictly by a desire to understagd how humans

+

'oarry on a oertain procm If, in fact, you are going to spaglsmffling, and

- . say, “"Oh, 1t might ;outo this way or 'thnt,' then yo;i strategy should be to

. - “E__—
identify real pirodblems in the classroos and go bask ¢0 research to help you

.

/ .o 48 ‘f
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hsolve what to do about those problems. / . B
. This vork is not motivated by problems. ile don't really know that there are

- . .nny probleas 1nyolved in word recognition, and it ny turn out that word

Rhakkt I

roog;niuqn is a silly place to tfnnk about getting further improveaent.

»

As & scientist, one has to buy the notion that there is a need to understand

-

R < A

and ﬂn}: out of that kind of understanding, one can, over tise, gaip a better
“ s

sense of security, as he attacks different areas, ,to those in which he 1is

working. Bell Telephone reu’rch laboratory has exactly that attitude. 'l’hoy

literally turn their better researchers looae on u:yt.hhi( they want, on the

bgcause of the fundament understanding it brlngs will pay off for Bell.
- i 's

eventually. Bell nvented the transitor, an& a].though there wvas something like a

15-year gap before the tirst.pieoc of Bell equipment ever used s transistor, they

weat right on developing it and trying to find ways to make it better.

I don't think that it's fair for those of us who are interested in bdasic
resesarch to be forced to pretend that we are doing this, because we see this
wonderful relationship between our work and reading. As 1 said before, the

' ‘MW

sinvie we start saying that, we make olrselves responsible for identifying real

prodbleas and weking the other wvay. I think we get into tresendous problems when

we start triing to drav these tesuous relationships. There is & uorld of
mmmwmmmtnummtu cluu-oo- 1
doa't think what Frank Suith says oomes to. t.;nt st all. Frank is simply
replasing one kind of theory with another, and peither relates to instruotionm,
ubether pu o to lo-uuod inside-out or outside-in. It's a niu dichotomy,
also. m thltuum bere t'aat is outside-in has.to be a component of
~ any m work. ‘nnﬂuulu. 1n reality, to deal with ruung wzthout

* assusption that any basic understanding in -math, electronica, or computing,’.
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dealing with the reality of stimuli coaing 1n'.. In fact, 1 will show tomorrow

precisely how sose people build the inside-out component into recdgix_j.tion models.
t ’ i

s .

. =
F. 'SMITH: It is really unreasonable to expect researg by people like Jim eond
Dave and’ so.e'of my earlier work to solve probleas in the classroom. 'rbesoj are
some of the kinds of things I was addressing syself to yesterday. People ' are
working in dift‘rex;t' domains, and you liave to let ;eople who are doini the word
recognition studies get on with-basio rem;'cb.\!ou can't ask thea to _use what
t.lgcy now to resoive schoolroos problelg. I think that is one of the aims of

this conference, and it's‘one of the things 1 wanted to question yesterday.

On the otheﬁ" hand, people who are familiar with classrooms have to try to
maks sense of whdt these researchers have to say in light of the way they
—pomin- the problezs. In other words, the two endeavors have to” bs brought
together, to the extent they cen be,.but ‘we sbouldn't"e_xpect much of an o“rhp.
Although tl-nro will be 'a few occasional interfaces, you can't cxpoct' the person’
with the least inouledge—in this case, the researcher—-to solve the piobles in
the larger area, the acbool'.. You wouldn't expect the researcher to go .to
somsbody in the school and say, "Look, I have this whole theoretical problem
here, .ol;o it for me, bocauu'yoﬁ are working with kids who are l\u-lunc to
read.” These are two entirely different domains. Anq what is wrong here is the
expectation that the researchers ouch: to be adble to bi‘fdp t.hc— gep. ¢

. w .hooo’nd point_is that Jim 1is not giving us a theory of resding. ‘It's a
thepry c;t uor‘-mo;n.t*uon, a utlm" limited theuiy of word recoguition at that.
mé's fine; 'n.owht to encourage this pouti?n. But there are a Iot of other
things going on in rudiu Word-recognition certainly isn't all of reading. On
some cocasions t.hl; may, indeed, be yery little of reading. . " ) ¢

-

1

;. 50

L M = —m == _ -




May 21s-P.M. - 428

'UBITB: I want to play with Shirley's question a little bit. One questign she
was asking, apart from asking fona; definition of basic r;sear::h, was: “Why am 1
sitting here listening to this?* i‘part“ from the fact ' at basic research goes its
way, oduc;ation' &oei its way,’ and the theory of human word reception is not a

. s
theory of inaf.ruction, her question can be taken at a3 simple level. She 1is
m;ly saying, "Okay, here is a g.uy who is telling me some atpff, and what a- 1
supposed to make out of 1t?" Suppose we take the question down from the highe‘st'
n‘?ologetics and dress it in another way. The basic assumption !of this conference

‘ is that two .uorlda are going to meet, so I think it is legitua’te for somebody to

m' to project a path by which those two worlds will come together, unless we

_ want to treat this as one of those exercises in which we all speai: and then leave

in an cxuunt'.iuly. closed fashion. I didn't think that the answers to Shirley's

question were satisfactory. - .

RESNICK: Will you address that a little bit t.ong'mw?

WHITE: Yes, I am going to try to, but now I want to point out that the answer

given wasn't really an acceptable onme. ° 7

‘a

,.Im: f‘ want to chastise Venezky and otl;era ...for not accepn?g the
responsibility gor what they say in a research report. You say, "lell, we are
Ju‘lt explaining t.hin‘ ." On the other hand, Juola doo; attempt to say: "If this
is. the .kui to be learned, then perbaps phoniocs training should be revised or
r’phood with tm;uu sethods t.u.t uphui'.u regularities in English
oﬂho.nphy."(mtou te: This quote is from an mno:; draft of the Juola

pepsr. It does uot%pur the final version).

. o~
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E . VENBZXY: A totally irresponsible statement.

2 . GLASER: Some :lnteli:lgent teacher is going to pick up. your article and say, "Gee, ’

u Idiow, that’'s 1interesting. As I teach my kids or as 1 talk to my publisher

t things, that's something I am golpg to be sensitive to.” You can .call a
physician totally irresponsible when/ he says, “Gee, yowu know, someone said that
cholesterol has something to do with $he circulation of your blood, and maybe I

am going to take that seriously and say sgleth:lng to my patients if I read

another published study like that." These are reasonably responsible statesments,

" which sou intelligent people are going to be sensitive to
=

[y

. nev paragraph at the end of every report. It's going to say something like:
"Without intelligent consideration of the needs of children, the ruburces
- availadblp to an instructor, and the capabilities of “he tpacber, the contents of

this report can bo/dugorom to instruction.”

GLASER: I know nothing that shouldn't be followed iy such a statement. i

3
=
=

e
-

~

required to do that. It would be better than these ﬁatuitoul statements m'v'o

JACKS0N: Let me quote a letter from Lauren: "I .,.’ writing to 1nuu‘you'
Gttemdence to a series of oonferences ooncerned with the general prob&o- of
istegreting theowstlcsl reseerch on reading® with lssues of  imstrutiosal
‘prestise. Despite the profusion,of ressarch in reading, ve seldom offer strong

. \ ‘,52 4+ ¢

L d
+ . N

VENEZKY: The only answer that I can give'to that is that I am going to make up a

VENEZKY: I think that Ac'nrigno-wbo is doing fundamental ressarch should be
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! auggoitiona for instructicnal pcactice. And despite the large numborJOf existing 1
)

t.h.y represent. In thinking about how  best to help 1n bringing about. the
. 1ntc¢ution, 11: uas decided that this purpose could best be ierved by a series of

mestings in which people boldini different points of vieu on mding " presented

] -

the evidence for their positions, "and integrations based on tnose resentations -"“i
eess¥ ot cotera, et cetcu, et ce\}en. N \
That supposedly is the focus of this conference. L. S
€~ . . R ; A ‘ ’
mszn H Shirley, I think you h&ve to accept the fact that. no relationship 1is -
e
set. z.:-o rehtionship is stul a3 rolat!onship. The time when we will see the -’ \\'

- pelationship between very buic remrch and instructional practice is- extre-ely

= . ‘ : 1
f distant. . Ve should quit pretsnding the two are 30 close that{ wve can go ‘ |

iﬁgduuly 1uto':.nstmuon. T : . : ' R -
‘-.\ : B . o - : : P o
. JACESON:' Why aren't:we saying: that? ] ' . ’ ‘ ’
7 VENEZKY:  Bob seems to -have olear evidence that resesrchers have all beeil failing

E T  over the past two. years and- ketiiu a little clour." to. instruction than'éo - .'.7

N .u.mol: Lay it out there on the table. ’

P

RESNICK: - VWait a minute. You afe accepting one point of view with as 1listle
_bokind it as the other one. . ' : ,.

.
.

« 'P. SMITM: Both osn't say that witbout dlowing up this building.'
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5 . . ROSNER: Given i:pe chance to vote, I would vote with Shirley. But I have to

.

: < . ‘support the other argument with just two simple stateents.  Number one?

Somewhere in that letter, you came across’the phrase about the great differences

* that’ do- exist: between research-and pi'actice, 80 you are simply seeing some of the

L

- i

separation between the,two fields. Nothing is perfect. Number two: 1 would bet .

g _ that the best.tfing about your making that statement was that you made it, In'a
_cumulative éense,— that will change behavior \over time.

.\ ¢ - ' .. ' ' /‘ : -’ ) - .
I don't think it will be here, or at Yhe next conference’, where evepybody

~ -

J . will -foocus on the practicalities ot'reading, instruction, but I also think it

helps, for you to raise that issues.’ It™just isn't practical to look for lucid

1 2 |

ansvers from the basic scientists.

i R . ' B - \.

.‘ GLASER: You have to nnde?'at._aud,~ tha;. basic scientists are tfained to be impressed
{ ' with’ h‘ou such they don't lmow. 'l‘h_at's t.he only problem they are ‘worried aboyt: r-! .
"lio'n much don't we know?*® SO;EtInes they get '1n'terested in how much we do [lknou ‘
and what we .light do, but that's .' different attitude. ‘ : '-

Emphasis on how much we don't Iknow "is a wery pervasive attitude in

.

L] . A
psychology and in a lot of the social sciences and economics. My physics friends
° . LY

and piol'o;y friond: are much less huable; ‘they sometimes teel us what they know. .
s * -~ ’ ? -
VENEZKY: - A the Frenchman said, when he kissed the cow, "Each and every to his .
do. ' ‘ . ~ . ‘ ot .
i d . [ ‘/ ' ‘v L3

GRROG: I ;hingi_t.bon is Still an answer. We had 'Q whole tu'o-'@y conference last .
9 ﬁuk. j‘;\ like one .of these, imt. -u'eh_ more haquinoéua, because just the

- m‘nfucr: were there. They really 'oiibt to' have been able to communicate with,
: .

¢t 54 . . .
) . B e \ , ) . . . . . N - ..




-

SRy RERETEATRRE T T

RAVRET
'

TR g i S S
. .
- .
,
v

‘.

et o KU A AR
vl

R

_May 2132P.M.

each other, but at thé end of ewo days, one guy got up aad said, "There is a

moral to the story:“ Life is hard." | - .

I_really think there is another answer. One of the most difficult prcblems
tﬁat we face is trying tg make that match between two diffsrent kinds of jargons,
two different attitudes--as Bob has now pointed out--toward h-ir to uce knowledge
onc i+'s gafned. Some of us are sitting here not even Imowing how to
éanuunlcate with the people that are closest to us about some of the things tuat
we think we know.

\
«aUKSON: I think thére is a dichotomy in terms of the attitudes and positionS of
resear~hers. Some regzz:oherh feel that it's necessary to try to bridge this
gap. Other researchers apparently do not feel that this is something that is

\,
even worth pursuing..

-GLASER: Speaker requested that his commepnts ‘be deleted.

RESNICK: 1 am glad the question Wis raised. If nothing else, in the altercation

between some of the more theoretical and clearly practical presentations, we have

-~

. . Y .
,5ﬁhp beginnings. Tne fact that you are all willing to ,sit and listen to each

other is perhaps of some interest in itself. 1 kpow that poli*eness plays a

. great role in that, but it ca£?¥ explain therwhole story, becausé you didn't have

to ome.

#




