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Good and poor sixth grade readers‘served'as subjects..
memory of letters by

giving children four or six consonants and havi. § them place the
'"letters in the order in which they ‘had appeared in a just-viewed
stimulus. The consonants composing the strings were either '

positionally r
frequencies of

edundant (R) or nonrpdundant (NR) based on positionhl‘
“letters in printed English. Poor readers were equal to

- good readers on four-letter strings, but inferior to good readers on
both R and NR six-letter strings. Both reader groups were better in
retrieving spatial order for R strings\than for NR strings.
Experiment 2 tested for immediate/ spatial order memory and immediate
“item memory for strings of eight digits and strings of eight

7

onsonants., Goo

d readers were better than poor readers on all tasks.

" performance on digits.was better |than performance with litters in
both the order and the recall tasks for the two groups. The

importance t
memory defic

o the reading process ;of the poor reader short-tern
it for spatial order information is discussed in terms of

recent evidence that positional rledundancy is used to augment visual
feature information in the identi%ﬁcation of single letters. i
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Lmmediate Spatial Order Memory and Iltem Memory

1
in Sixth Orade Readers-as a Function of Reader Ability

—
-,

a) that the individual letter

Thompson and Massaro (1973) provide evidence:
is the ba51c perceptual unit involved in reading, and b) that redundancy (i.e.,
spelling patterns) is operatiVe :

letter predlctabilxtv based on knowledge of
at .the stdge of the synthesis of visual features of individual letters. Thus,

/
al information at the level of identi-

redundancy appears to augnent direct visu

flcation of individual letters
The finding of Katz and. Wicklund (1972) that good and poor readers do not

h time for an individual letter embedded in a random (nonredun-

differ in search, _
. .. |
v reader ability differences occur in the

o <

dant) string of letters suggests that no
utilization of direct perceptual information about visual features present on
However, Mason (1975) aised the'possibiiity that good and poor

a printed‘page.
readers might be different in their abilities to augment visual feature infor=-

Redundancy was manipulated as letter

mation with redundancy information.
position redundancy; positional redundancy is based on a correlation between
position of a letter within a multiletter configuration

two physical dimensions: S of
and the visual features used to identify a letter. For example,‘in printed

English the letter "c" frequently occurs in the first position of a six-letter
lhe results of four experiments ueing

string and less frequently elsewhere.
the visual search paradigm indicated that poor readers were equivalent to good

readers in Ldehttfylng individual letters only wﬁen low redundant (i.e., non-
With low redundant displays, visual infor-

English-1ike) digplays were used.

features is onlv source of information available

mation about Jdistinctive L
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. for letter idénpificationp However, good readers were faster than poor readers
on hoth word displays and redundant nonword displays.

Mason's daté (;975) ;aiSed the pﬂssibility'thar 1oor rea&ers'Suffér from
a spatiai ofder perception deficit which_Q0qld reduc. positional redundancy as
"a source of iﬁformation that can be utilized to augmént yiSual-fegture informa-
tion,'since positional redundaﬁc? is dependent oa the preservation of spatial

order information. However, since the redundancy used in the Mason (1975) -/ |

_ ' N :
‘studies is based on frequencies of occurrence of letters in varying spatial

(serial) pésitibns in prinréd English (Mavzner & Tresselt, 1965); one could
argue-that poor readers do not read much and hence are unaware of positiona1 ”
frequencies of letters in printed Englisﬁh In effect, ﬁhe issue 1is whether
poor readers do not read proficiently partly because of a spatiai orde;lpercepé ,
tion déficif that precluded their use of positional redundanéylin single letter
identification or whether poor readers do nog utilize positional recdundancy
because they have not readlin su?ficient qnan;ity to have iearned well-thé
positional frequencies of letters in prtntéd éngliéh. , . | S _,;
The purpose of the two experimen;slto be feported'in this paper was to test

specifically for spatial order memory differences as a function of reader ability.
There is evidence (Croscman, 1960; Bjork & Healy, 1970; Esteg, 1972) that order
informa;ion and item information have separate representations in.memory.

Whereas order memory and iter« uemory have been studied primarily by the analysis
of transposition errors (an itcew is correctly remembered, but is placed in the
wrong spatial or temporal order; there are, for‘ﬂur purposes, soveralyobject{bns

. to investigating order memory by scoring regall protocols for correct order.

Mot importently, order memory is miede dependent on recall with that technique,

04
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and if good and poor readers differ in item memory, they will show a difference
" in order memory which could bhe spurious. "To circumvent this difficulty Experi-
ments 1 and 2 use a different paradigm to directly test for spatiél_order

memory. The child is shown a horizontal string of lower case consonant letters

which is remov;d as soon as the letturs hZVG been read’ aloud at a fixed rate.
Thc subJect is then 1mmed1ately g;ven a set of small tlles (similar to thoae

used in word games) which have been Shdhén up in a contairer, . with each letter

thdt had appeared.xn the stimulus . repreqentbd‘on a separate tl}e._ Instructions "~
to the child are to arranberthe tiles in the order in which they had origiﬁally e
occurred 'in the stimulus. Thus, sub jects are,giveu all the item;they.hgd just.

/
viewed and are asked to retrieve onlv ordef 1nform1t10n for the items.

Experlment 1 uses lower case ;onqonént 1etterq in two dlfferent string
lengths (four and six) with two levels of positional redundancy (high or low)
within- each string, length. Of interest in‘Experiment l.are the following:
a) are poor réade;s inferior to good readers in retrieving spatial order. in~
formation?, b) does posiﬁional redundancy'facilitate mem6ty for*ordeé informa-
tion?, ¢) do poor and good readers show differential effects of positional re-
.dundancy on retrieval of spatial order information? If poor readers have not
.read enough to be sensitive to p031ti0ﬂ11 frequencies of letters in printpd
English, we woulu expect no dlfferences in their perrormance as a functxon of
pusitional redundancy.

Experirent 1

Huthod | - | o

subjects. Thirty-two sixth prade }up}]s trowm the Tolland Middle School

served as subjects. Good and poor reader proups (1t childred in each group)

.

TN
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were formed on the basis of the previous year's Science Research Associates
(SRA) reading comprehension scores mede available byethe school, ‘In addition,
ethe Word Recognition portion of the Wide Range Achievement Test (WRAT) was
a&ministered to each subject by the'experimenter. " The median of WRAT sedresF
with grade“equivalents in parentheées, was 5445 (9,2).for'tne good readers and
31.5 (4. 9) for the poor readers. | ,
Stimuli. Horizontal strings of lower case consonants (Trans-Artype Vo.

T llél,lFranklin Gothic, 36 pt.) were used as stimuli. " String ;ength consisted
_of eifher.fonr or éix consonants.'lFor each level of positionel redundancy |
(Redundant or \onredundant) within each str1n& 1ength the same consonentjletters

were used, but in different epatial arrangements based on the Mayzner and

Tresaelt (1965) single 1etter frequency counts for letters. in all positions for

Pt

‘—;’either four or:six-letter'words in printed English. Summed_positional'redundancy
is the eum of the frequencies of the letters in a given string. For example, |
the stimulus string "phmrld" has a summed positional frequency nf 1191; the
same letters arranged as v*dlhp" have -a summed p081t10na1 frequency of 241.
"Phmvld" was designed a six-letter Reduandant (R) string while ' vmdlhp was a
‘six-letter Nonredundant (NR) string.

Fach stimulus string was centered on a 4" x 6" (10.16 x 14.24 cm) card. All
Letters appearing within any one etimulus string were centered'{ndividua}ly on
both sides of a 1.25 cm white plasterboard square and spraved with a clear glossy -
nrotective covering. The 1etters;for cach stimulus string were placed in
senarate containers. B B

There-werc four R stimuli (two iour—leLter stﬂkégs and two éix—letter

strings) and four NR stimuli (two four-letter strings and two six-letter strings).
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The same consonants occurred in the R and NR sets, ‘but in(diﬁferent locations

, J
‘within the strings.. -

’

Design. There were tno'between—nubigcf factors: render ability (goud or
'poor)vand positional redundancy of the strings‘(R «r NR). String length (four -
or six consonants) wns a within-subj«ct factor, ‘Eanh sunject had four trials:t
(;wo on each string 1ength).f Order oflpresentation of string 1ength and stimuli
was counterbalanced in a Latin équafe.'.Eighx"subjects'in eadh'lev?B'of reader

ability were randomly assigned to either the R or NR condition, with two sub-

jects in each level of reader ability and positional redundancy receiving one

of four orders.

.

Procedure. The stimulus was displayed on. d Gerbrands card changer (Model -
G 1150). The subject read each letter alond,rfrom left to right, at a rate of
two letters per second. (The experiménter tapped out the rate the subject

was to follow.) The stimulus was removed after. two seconds for a four-letter

I

string and after three seconds for a six-letter 'string by the experimenter press-

\

" ing a button which replaced the stimulus card in the card changer with a blank

AN

white card. The subject was then presented with the letters just vieved by
having the experimenter spill out the contents of a small container which con-.

tained all the appropriate letters on 1.25 cm square tiles. The subject was

. instructed to take the indiVidua}.letters and Q?range themn as.best.he could in
the order in which they had appeared on the stimulus card. Each subject's

response was recorded and scored for absolute number correct in each spatial

location.,

N

Results and Discussion

Performance was virtuallv perfect vith tour-lettler strings for bAth R and

&
)
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MR conditions. Only one subject (a poor reader on a NR string) made an error

on a four-letter string.

Performance on the two types of six-letter strings is shown in Table 1. .

Insert Table | abbut here

An analysis’' of variance was performed onzthe nuﬁber of letters placed in'cbrrect
. positions for six-letter strings, @ith reader ability;(good or poor) and re-
duqdancy'(k or NR) as between—subject.factors. L ;S? | ' .

The main effect of reader ;bility'wag_significant, E_(I,ZB) = 30.28,

p ~ .001; good readers were better than poor readers at reconstructing the
spatial order of six-letter consonant strings. This strongly suggests a c&paciﬁy
di&éerence for spa?ial order memory tor goud and poor readers; since goth-gfoups
zshowedwessentially perfect performance on'four-lettur stringé but'd}ffered
.sign;ficantly when the length of ;he.strings was increased to six letters. Botﬁ'
zood and poof feadgrs;were well above the ;hance 1§ve1 for meaﬁ correct items

- (.96).

The main effect of pusitional redundancy was also-sigdificant,;g'(1,28)'=-
‘30.28, p < .001L; Perforﬁance was better on the R stimuli than 66 the NR.stimﬁli.'
Tt is clear that positional';edundancyﬁimproves the memory_code for order'in?
formation; the spatial order of "phmv1d" is essier to retrieve than is the \

. - _ i

ST a1tial Ordé_r of "delhp." _ | {

o
e

The Abilitv x Spatial Redundancy interaction was not significant, F (1,28) =
3.07, ns. The Mason (1975) experiments indicated that poor readers did not
sty lize positional redundancy in the identificaticn {or synthesis) of individual

lutters, “In Experiment 1, the letters wérg given to the subject gand there was no
S . / g
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need 1or synthesis. That puor readers in Experiment 1 benefited as- much as
, .. . . ' '

did "good readers from stimulus bosicionnl r;dundanbv in retricviﬁu}orQer in-
formation would drgue against an uﬁfdmiliarity'with positional frequencies of’
letters in printcd—knglish as beiﬁg responsible for their inability to augment
visual feature'information with positipnn! reddnd&néy informatfon.in the visual . -
seiarch paradigm'used in the Mason (1975) expe:iments,

The hypo£hesis,of a spatial order rerception déficit in poor readers is
suﬁportedAby the results of.Fxpgriment 1. Tt would appeér that poor readers
either do not én;nde”or cannot retrieve spatiai:ordcr informat ion as well as

de good readers. : : /
. ’ /

/

Experiment I ' /

According to the Anderson and Hower (1972)_qode] of free recall processes,
context is used L¢ retrieve item informatidn., Spatial location (vhare allgtter
.is positioned within a multi~letter string) is a form of context. Fu}thermore,_
Rruder and Sezal (1972) have shown that a&ults can. use spatial'location‘in
lnrgdﬂiéing their‘fecéll. It would seem, then, that if poor.renderé are de-"-

. - - 3 . - . £ > . "
ficient in spatial order perception thev wouild also be deficient im reca@l,
’ . . “
since they cannot use spatial context tor retrieval purposes. However, several

investigators (Bakker, 1972; Senf, 1969, have provided data that suggest that

vood and poor readers. do not differ in their abilitve to recall stimulus items,
but only in their ability to reproduce-the sequences of stimulus items.  That

these investigators found sequencing dif ferences (order memory differences) .

.. e , ’ L ‘ L .. .
. but no recall differences (item memory ditferences).as a tunction of reader

ability may be due to the facts that sub-span memory sets (two te four items)

were used and that the rate ot loss ol order information is more vapid than that

[

V9
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of item -information (Bjork & Healy, 19703 [stes, 1972’.

R i

Experiment 2 extended the size of the memory Set further. Both immediate
order memory~and immediate item memorv for eight items were investigated as
a function of reader abilityv and type of material. The two types of materials

used were consonants and digits.

— - i

Mzthod
ti§ybjectsf The 240 sixth grade pupils.in the Tolland ﬁiddle.Schopl-are o
organized by the séﬁool into three homogunenus "teams." The 80 children from
three sixth gréde classrooms forming\bne'ox these teams served as subjects for
Experiment 2. Fach child was placed|in one of two feader hbilify groups (good i
and po;r)_on the basis of a median split of the SRA reading comprehension scores
. : .
taken the preQious vear and made avgilable by the school. In addition, the
WRAT wasiadminigteréd_to each susject by thee?perimentér. The six subjects
. for whom SRA scoges were not available were assigned to the two reader ability/.
groups oﬁ.the basis of their WRAT scqres.' Thg mgdian WRAT scéres, withlgrade
equiQélents in parenthesis was 49 (8.1) for the good.readers.and 33 (5.2) for.
the poor reade%s.
Stimuli. Stimuli consisted of randum (loQ redundancy) strings of either
.lower case consomants and random strings of eight digits (Trans-Artype &o. T
1141, Frankl{ﬁ Gothic, 36(pts.). The s mbul 0 was nol used as either a digit
or aletter. Ea;h stimulus string was centered on a 4" w oo (10,16 x 14624 cm)
card.  The individual letters or diggtq appearing'onﬂuach stimulus card were

s centered on 1025 (m square tiles, as in Experiment 1, and placed in separate

containers,
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Desipn. A repeated measurerents desipn was used, with each subject re-
o - s : .

e

ceiving'%ourmgrials~{6%e‘oh ecach task). The four ruskg were to: place eight
"letters in correct order; placeveighﬂ digits in correct order; recgll as nmany
queight letters, as possible, and recall a- many‘of eight-diéits‘as possible.
‘StimuliAand Lasks were cnunperhalanced in A Laﬁin Squafe,_with £en subjects in

‘each level of reader abilitv rcceiving one of four orders. Letter and digit
tasks were alwavs presented-alternatelv in order to minimize interference among
. V \ B N
' tests. ' ' ‘
Procedurc. The apparatus and precedure used in Fxperiment 1 were used for
the two spatial order memory tdsks\in Expcriment 2. : - ) )
. ' ‘\ ‘ N
For the two free recall tasks,|the-procedure was identical to that used for

the spatial order wemory tasks, except. that following offseticf the stimulus,

} -

the subject was given paper and penc&l and’ instructed to write down as nanv

letters (or.digits) as he could remember having scen. The subject was told
Vo L . ,

. \ - , ,
o th%@ the order in which -he wrote thka down was not important,
, \ -

. , . ] . ] a
The stimulus remained on for four sec. for all four .tusks, duving which time

'subject read the items aloud from Jeft tu right at a rate of two items per sec. .,
\ » . - _ :

14 .
lesults and Discussion . ' s

Order Memorv. The number of consoninis placed in cerrgct spatial .positions

and the number of digits placed in correct spatial vositions was scored for each

.

subject and entered into an analvsis of variance with reader ability (gved or

P

poor, and order of task resentation . {four urQPrs) as (he between-subiect factors. |
. N ) T - ¢ ' : 7 .

. e . . : ' . R .

(ke within-subject factor was tvpe of raterial (Jetters and digits). Results

are shown in Table 2 under Order Memory. [he ¢

hance level of perforsanee was
\

~ . \
\

PAruiToxt Provided by ERic:
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Insert Table 2 about here

!
3 .

i ) 4
|

1.01. The main effect of reader ability was significant,_£.11;72) = 8.12, . T
p - .006; good realders were better at reconstructing the spatial order present

in both letterrand digit displavs than were the poor readers. The main effect |
. ' : ) N :

of type of! material was also significanl,'E\(1,72) =.18.6g;_g < .001; more

digits'thah'Tetters.were placed ‘in corrcut positions. The main effect of order
. v - : s

~ el N
C

S . N e :
of presentation of tasks was not significant. Yone of the two-way interactions

. . [ . c1s g . . .
involvig reaher'abxllty,\preseﬁtatlon order, and type of 'material were sig-

nificant.

B . '/.
The data on spatial order memorv frombkxwe/imenté 1 and 2 point to a poor
dat p _ , per - P .

'_reader deficit in the'ability to reconstruct the spatial arrangement of discrete

s

-items,~_inf6rmal Qbserva;inn suggested that iflconfidcnce ratings had been used,
the good-poor reader,differen?es would nnVU;been even more exaggerated. dood
: l ' . , : ' ‘

readeré,'after arranging the tiles, were apt to make appropriate remarks such

as "I'm sure tﬁat's notgright," or "it Fooks wrong." In contrast, poor readérs
gepefally appeared less critical of their arrangement of the tiles. Since poor
readers sﬁowed the same incremental effects due tu'Rssitinnalf}edundanuy.(Ex—
péfiment 1) and type of material (Exporimeﬁ£ 2) as dﬁd.thcfgppd feéders, nemorial
processes may be similar for the two yroups. The differenve.would seen to be

in the ability to encode and/ur retriove spatial  order inférmation per se,

The nﬁmber cnrruct.for pood and poor rvuderg shown in Tables 1 and 2 do

. / : . \

not .provide a reasonable-estimate of short-term sciiory capacity tororder infor-
matien., With o forced-choice paradiym, the total tuaber correct includes the

number correct by chance. In addition, the tiee parameters are important, since

[

12‘.:\ -/ -
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order information (B]ork & Hvaly, 1970 Estes, 1972) decays rdpidly An in— 

crease in the number of items entails an increase in time during which ordLr

-’

information.deuays. Whin-we-cannot ascertain short-term memory capacity for

\order-infqrmation'from the paradigm used in Experiment 1 and 2, it -appears

'from these data that the capacity will vary with type of material and that it
/! ) ' .

is less for pooF readers than it is for pood readers.

Item Mem&gx. The number of letters correctly recalled and the number of

\

diyits correctly recalled was scored for each subject and.entered into an

anal ysls of variance ideantical to thdt used for order memory. Results are shown
in Table 2 und;r Ttem Memory. The main c¢ffect of regder ability was signifif*é\
cant.;g (1{72)-= 11.67.:2.5 .002;‘good readér; were belter at Ehg recall tasks

i;han'were the poor ;eaders. The main etfect of t;ae of material was also ;

significant. F (1,72) = 95.20, .R ;001 that digits were recalled.better than
letters. On the recall tuqk' in contfast to the\order task, this is not sur-
. \ | )

prlblné since the total set of digits is nuch umaller than the total set of

o

consonants. In recall of .8 dlglts, there is only ' ‘a small pusszbility of making
an error by guessing. The maii effect of task presentation order was not
significant. The Reader Ability x Type of Material interaction. reached marginal
siynificance, F (l,fZ) = 4.75, p < .05. On digit recall, poor readers were
closer to good rgader berformance than thev wers on letter reca%l. This probably

reilects the higher probabT1igy of beiny correct by chance on . wit recall
I | : .
task. If recall was scored by subtracting|the number of crrn, . .. from the

~

total number correct, overall recall Svoru$ would be even mere exagperated in

. b e
favor of the guod,rcaders. " . \\\\\\\\

~

Intrusive Errors. On the free rccall tasks, 1f subject lecaITEﬂ\etth ra

¢ [ \
i ) ’ .

~—

T
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~dizit or a letter that was not present in the stimulus, it was scored as an

intrusive error. On the digit recall task, good readers made only 1 intrusive

err~r and poor readers ' made a total oi 9 intrusive errors. (The few intrusive

cerrcrs made on the digit.recall task is unduubtédly“attributable to the fact

.

that theve were only two ways to make an intrusive error with 8 digits as the /

S sti-ulusy) thrdifference between good and poor reader intrusive errors on

: - \ - . b '
the digit rgéall'task was #ignificant, ¥ (1) = 6.40,  p < .02. On the letter

reczll task, the gond readers' total number of 24 intrusive ervors was signifi-

canzly less than the poor readers' total number of 44 intrusive errors, . ' o i

2y = 5.88, p < .02. Inspaction of the intrusive error data suggested that

poor réaders tended to inceorrectly recall vowels despite;the fact that only

1

conscnant lettersﬁmerﬁ used as stimuli, Since the letter "¢"' was present. in -

one string, the vowel intrusion "u" during recall would appear to be not un~- =

" reasonable, Good readers incorrectly recalied 12 vowels, 8 of these being theé

‘ i . .
. l ’
respense "u."  In contrast, poor readers incorrectly recalled 25 vowels, 12

of which were the response "u." "Taking the total number of vowel intrusions
made, zood readers incorrectlv recalled fewer vowels than did the pour readers, '
£ (1) = 4.57, p < .05, With the "reasonable" intrusion "u" eliminated from

"unreasonable" vowel intrusion errors than did

the iata, good readers made fewer
poor readers, ¥ (1) = 6.37, p < .02,

The preater number of incrusive errors made by poor readers on both digits
Ved . . /" .
’

and letters suggests u less constrained search set, which, in turn, suggests

. , ~ .

. possible retrieval differences between good and poor readers. The extent to
whiche & short-term spatial order memory deficit affects retrieval processes by

enlarging the search set is a matter for future investigation,

14
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SRA and WRATIEOrrelation. A Pearson Product Moment Correlation was run
\ _ . _
bztween each subjedt's WR%T score and SRA score, The r of .841 (N = 74) was

significant, p < .001. Since the WRAT tests word recognition and the SRA. tests

reading comprehension, the high correlation between the two tésts is consistent
with the contention (Katz & wicklund, 19715 °1972; Shankweiler S Liberman, 19725I
thqt the major differentiation between good and poor readers is at the level

"of ‘individual word rather than at the ievelrof connected text, uData frohwthemmmﬂul.
present studies, which show a poor reader deficit in spatial ordef memory, in
conjqnctionkwith data (Mason, 1975) that poor readers do not utilize'spatiar// e
?gdundancy information in the.identification of singlélletters,élso”Sggé;st
differences at the:wbtd level. WO%dﬁ, after all;’éonsist of letfers'that occur,

by and_large, in positionally redﬁndant locations. R | ',  ' :  '

.Conc lusions

The notion of a sequencing or order»deficit in poor readefs is by no means
new; Bakker (1972) summarizes a sizeable. body of:evideﬁce-that l?nks disturbedf
re:ling to a disturbance 1n-temporal order perception., Bakker does not, hbﬁ-:

Vevér; present a precise hypothesis of just how temporal ordef'petception is
rel%ted to the'actual reading process. Furﬁhermore; it is not clear from the

_ stuaies cited by Bakker (1972) whether the difficulty is with temporal_ordering,
with spatial ordering, or with both temporal and spatial ordering, As Bower |
(1971) points out,_temporal position'and spatial location can 2ap onto ghc
same abstract concepfual elements for "position~in-§eries," aqd sp&tial and
tenporalllocations are particularly susceptible fo interarrio; with one apother.

[t will take more sophisticated paradigms than the ones used to date to ﬁntangle

true temporal order effects from spatial order effects,

h
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The twn orger,mémory experiments reported in this paper point to an order
memory deficit in poor readers. Using a paradigm in which all the correct

items are given to-subjecg{ and the task set the subject is solély to retrieve

s

the spatial order of the items, poor readers'were‘equivalént to good readers
only on four item length strings, With 6 consonants, 8'consonapts, and 8 digits,

poor readers were significantly less able than good readers to retrieve spatial

"

/s .
~:order information for the items making up-the strings.

There is evidence (Makita, 1968;'Roéin, Poritsky & Sotsby, 197ll\tﬁat an
alphabetic writing system makes demands upon the.fvader not present in a
éemantic.Or idiographic writing,system.' bne of_these’demanas_is'that.the order
of‘}etters must be preserved at the lével of the wor&s,.'%dr the meaning of‘g

wprd depends upon the order of the letters rather than upon the letters them-

selves (i.e., "much" or "chum;" "from" or "form," etec.). There are data

~

(Leene & Bakker, 1969) that poor readers (or poor temporél order perceivers)l.'

make as many as four times more "order" errors in reading and dictation than
y 8 : _

do good readers’ (or good temporal'order'percelvers).' However, Shankweiler and

Liberman (1972) have foudd that sequence feversals_accdunt for only a small

!
{
!

1proporFLon.oF total errors made\by poor readers. k / ‘
We ?Luld suggest, thereforé; that a more fundamental de@andjon an alpha-

betic writing system for proficient reading is ‘the ability to\éqgment visual

fea&ure information with positional reduhdanéy information at rLe level of

~identification of individual.letters. Knowiedge qf-positionaﬁ/redundancy.hay

be based on more :bstract*st;ucturés such as knleedgc of English morphological

rules. The studies by Magon (1975) showing that good and poor readers are dif-

ferentiated by the utilization of spatial redundancy in identifying individual

Lo
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letters, in cpnjpnction with 'the studies reported in this paper-showing that
pecor readers are less able than gaod reéders to encode, preserve and/or ré—
trieve the spatial relatiohships éxisting in’a string of discrete ietters,.’
would sugport the'hypothes;s that a spatial order perception (or memory) deficit
diminishés positional redundancy as a source of information for poor reéders..‘
With an alphahgtic writing system;'thé redundancy-of.époken language (tempéral

~ in nature) is carried over in the written language, where_it be.-omes spatial in
‘nature. It may well be that an alphabetic writing system makes démands u;nn
short térm memdry that are too great to be”met”by:a process of letter identifi-
cation based solely on the analysié of v[sual.feALures. Proficient reading may

be strongly dependent upon the more rapid identification of letters made possible -

by augmenting visual feature information with positional  redundancy information,
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Table 1
- '

Mean Number of letters Placed in Correct Positions as a

Function of Spatial Redundancy and Reading Ability'- Exp. 1 -

Type of Six-Letter Consonant String

~ Spatially. | Spatially
Redundant Nonredundant
5.% 4,75
4.75 | 3.006
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Table 2

Mean Number of Correct Responses for Order Memory and for ltem Memdry as a

7 Function of Type of Material and Reading Ability - Exp. 2

,.', - Type of Eight Item Tgsk |
Order,MemoryA S _' : item Memory _
Group - -'./Cénsoqaﬁts; | Digits . COnsopénté ~. 'Digits
Good | |
Readers ks 3.35 435 5.0 6,70
hoor ‘ _ : o - .
Readers 2.45 3.73_» , 4,80 . 6.38




