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' ABSTRAcT
Good and poor sixth grade readers served as subjects..

Experiment 1 tested for immediate spatial ordt memory of letters by
giving children four or six consonants and havi.j them-place the
letters in the order in'Which theylLd appeared in a just-viewed
stimulus. The consonants composing, he strings were either
positionally. redundant (R) or nonredundant (NR) based on positional
frequencies of'letters in printed tnglish. Poor readers were equal to
good readers on four-letter strings, `hut inferior to good readers on

both R and NR six-letter strings. Both reader groups were better in
retrieving spatial order for RStrings\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
consonants. Good readers were befiter than poor readers on all tasks.
Performance on digits was better !than performance'with litters in
both the order and the recall tasikS for; the two groups. The
importance to the reading process/of the poor reader short-term
memory deficit for spatial order information is discussed in terms of

recent evidence that positional rldundancy is used to augment visual
feature information in the identification of single letters.
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Immediate Spatial Order Memory and Item Memory

in Sixth Grade Readersas a Function of Reader Abil4ty

Thompson and Massaro (1973) provide evidence: a) that the individual letter

is the basic perc;ptual unit involved in reading, and b) that redundancy (i.e.,

letter Predictability based on knowledgeof spelling patterns) is operative .

at /he stage of the. synthesis of visual features of individual letters. Thus,

redundancy. appears to augment' directvisual information at the level of identi-

fication of individual letters.

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

differ in search time for an individual letter embedded in a random Knonredun-

l.;

dant) string of letters. suggests that nO reader ability differences occur in the.

utilization of direCt perceptual information about visual features present on

a printed page. However, Mason (1975) raised the possibility that good and. poor

readers might be different in their abilities to augment visual feature infor-

mation. with. redundancy information. Redundancy was manipulated.As letter

position redundancy; positional redundancy is based on a correlation between

two physical dimensions: position of a letter within a multiletter configuration

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

string and less frequently elsewhere. The results-of four experiments using

the visual search paradigm indicated that poor readers were equivalent to good

readers in identifying individual letters only when low redundant (i.e.,. non-

di4lays were used. With low redundant displays, visual infor-

Nation about distinctive features is ft only source of information avai-lable
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for letter identification. However, good readers were faster than poor readers

on both word displays and redundant nonword displayl.

Mason's data (1975) raised the possibility that poor readers suffer from

a spatial order perception deficit which would reduc, positional redundancy as

. .a source of information that can be utilized to augment visual feature informa

tion, since positional redundancy is dependent on the preservation of spatial

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

.studies is based on frequencies of occurrence of letters in varying spatial'

(serial) positions in printed English (Mavzner & Tresselt, 1965), one could

argue that poor readers do not read much and hence are unaware of positional

frequencies of letters in printed E glish% in effect, the issue is whether

poor readers do not read proficiently partly because of a spatial order percep-,

tion deficit that precludes their use of positional redundancy in single letter

identification or whether poor readers do not utilize positional redundancy

because they have not read in sufficient quantity to have learned well the

positional frequencies of letters in printed English.

The purpose of the two experimen,ls to be reported in this paper was to test

specifically for spatial order memory differences as a function of reader ability.

There is evidence (Cros:mun, 1960; Bjork & Healy, 1970; Este's, 1972) that order

information and item information have separate representations in memory..

Whereas order memory and iterd ilemory have been studied primarily by the analysis

of transposition errors (an item is correctly remembered, but is placed in the

wrong spatial or temporal order; Ocre are, for our purposes, several, objections

to investigating; order memory by bcring recall protocols for correct order.

Mo:41 importantly, order memory is vi de dependent on recall with that technique,
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and if good and poor readers differ in item memory, they will show a difference

in order memory which could he spurious. To circumvent this difficulty Expert-

Ments 1 and 2.use a different paradigm to directly test for spatial order

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

which is removed as soon as the letters have been tuad aloud at a fixed rate.

The subject is then immediately given a set 'of small tiles (similar to those

used in word games) which have been shaken up in a container, with each letter

that had appeared in the stimulus represented on a separate tile.. Instructions

to the child are to arrange
1

the tiles in the order in which they had originally

occurred 'in the stimulus. Thus, subjects are, given all the itemBthey had just

viewed and are asked to retrieve only ordef information for the items.

Experiment 1 uses lower case consonantAetters.in two different string

lengths (four. and six) with two levels pf positional redundancy (high or low)

within each string,length. Of interest in Experiment 1,1are the following:

a) are poor readers inferior to good readers in retrieving spatial order. in-

formation?, b) does positional redundancy facilitate memory for order informa-

tion?, c) 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 positional frequencies. of letters in printed

English, we would expect no differences in their performanCe as a function of

positional redundancy.

Experiment 1

ethod

Subjects. Thirty-two sixth grade ;supilA from the,Tolland Middle School

served as subjects. Good and poor rc.,,!,r groups It) diildre0 in each group)
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were formed on the basis of the previous year's Science Research Associates

(SRA) reading comprehension scores made available by .the school. In addition,

the Word,Recognition portion of the Wide Range Achievement Test (WRAT) was

administered to each subject by the experimenter. The median of WRAT scores,

with grade' equ.ivalents in parentheses, was 54.5 (9.2) for 'the good readers and

31.5 (4.9) for the poor readers.

Stimuli. Horizontal strings of lower case consonants (Trans-Artype

T 1141, Franklin Gothic, 36 pt..) were used as stimuli. String length consisted

of eieher four or six consonants.- For each level of positional redundancy

(Redundant or Nonredundant) within each string length, the same consonant letters

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

Tresselt (1965) single letter frequency counts,for letters in all positions. for

--either four or six-letter words in printed English.. Summed positional redundancy

is the sum of the frequencies of the letters in a given string. For example,

the stimulus string "phmvld" has a summed positional frequency Of 1191; the

same letters arranged as "vmd1hP" havea summed positional frequency of 241.

"Phmvld" was designed a six-letter Redundant (R) string while "vmdlhp" was a

six-letter Nonredundant (KR) string.

Each stimulus string was centered .on a 4" x 6" (10.16 x 14.24 cm) card. All

letters appearing within any one stimulus string were centered individually on

both sides of e 1.25 cm white plasterboird square and'sprayed with a clar glossy

protective covering. The letters for each stimulus string were placed in

:separate containers.

There were four R stimuli (two four-letter stAngs and two six-letter

!itrings) and four NR stimuli (two four-letter strin,,,s and two six-letter strings).
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The same consonants occurred in the R and NR sets, 'but in di-fferent locations

ii

'within the strings..

Design. There were two between-subject factors:. reader ability (good or

poor) and positional redundancy of the strings (R (A- NR). String length (four

or six consonants) was a within - subject factor. Each subject had four trials

(two on each string length). Order of presentation of string length and stimuli

was counterbalanced in a Latin square.' Eigh.t subjects. in each level= 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. A Gerbrands card changer (Model

G 1150). The subject read each letter aloud, from left to right, at a rate of

two letters per second. (The experimenter tapped out the rate the subject

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

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

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

white card. The subject was then presented with the letters just viewed 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 individual letters and arrange them 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.

RE.sults and Discussion

PerformanLc virtualiv rerfeci ,.1th Hur-lotter string; for h R and
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NR 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 I about here .

An analysis'of variance was performed on the number of letters placed in correct'

positions for six-letter strings, with reader ability= (good or poor) and re-

...

dundanty (R or NR) as between-subject. factors.

The main effect of reader ability-was significant, F 1,28) = 30.28,

.001; good readers were better than poor readers at reconstructing the .

spatial order of six-letter consonant strings. This strongly suggests a capacity

difference for spa'tial order memory for good and poor readers, since both groups

showed essentially perfect performance on four-letter strings but differed

significantly when the length of the strings was increased to six letters. Both

good and poor readers were well above the chance level for wean correct items

(.96).

The main effect of positional redundancy was also significant, F (1,28).=

30.28, k < .001; performance was better on the R stimuli than on the NR stimuli.

it is clear that positional redundancy improves the memory code for order in-

formation; the spatial order of "phmvid" is easier to retrieve than is the

-;ritial order of "vmdlhp."

The Ability x Spatial Redundancy interaction w4;.; not significant, F (1,28)

3.07, ns. The Xason (1975) .e-xperinents indicated th;it poor readers did not

utilize positional redundancy in the identfficatb.n (or synthesis) of individual.

letters. In Experiment 1, the letter,. were given Lo the subject p-hd there was no



Order 'Memory

BEST COPY AVAILABLE

need lor synthesis. That poor readers in Experiment 1 benefited as. much as

did-good readers from stimulus positional redundancy in retrievinv, order In-
.

formation'would argue against an unfamiliarity'with positional frequencies of

letters in printed English as being responsible for their inability to augment

visual feature information with positional redundancy information in the visual .

search paradigm used in the >lason (1975) experiments..

The hypothesis, of a spatial order perception deficit in poor readers is

supported by the o..sults of Fxperiment 1. Tt would appear that poor readers

either do not encode or cannot retrieve spatial. order information as, well as

do good readers.

Experiment

According to the Anderson and Romer (1912) .model of free recall processes,

context is used tc! retrieve item information. Spatial location (where a,letter

is positioned within a multi - - letter string) is a form of context. Furthermore,.

Bruder and Segal (1972) have shown that adults can. use spatial location in

organizing their recall.. It mould seem, then, that if poor .readers are de--

ficient in spatial order perception they mould alsO be deficient in reca\ll,

since they cannot use spatial- context tor-retrieval purposes. However, several

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

.t.00d and poor reders,do not differ in their abflity'to recall stimulus items, .

but only in their ability to reproduce-the sequences of stimulus iters. That

these investigators found sequencing differences (order memory differences)

but no recall differences (item un differences).as a [unction of're.Aer

abi,.4.1v may he dtx to the fact, Chat sub-span womory :4vLs (two to fuur items)

Lry ased and that the rate of loss 01 order information is more rapid than that
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item information (Bjork & Healy, 1970; Estes, 19721.

Experiment 2 extended the size of the memory ;et. further. Both immediate

order memory-and immediate item memory for eight items were investigated as

a function of reader ability and type of material. The two types of.materials

used were consonants and digits.

.M::Lhod

,SttitEtp. The 240 sixth grade puvils in the Tolland Middle School are

organized by the school into three homogeneous '"teams." The 80 children from

three sixth grade classrooms forming) one ,(1t these teams served as subjects for

Experiment 2. Each child was placed in one of two reader ability groups (good

and poor) on the basis of a median s lit of the SRA reading comprehension scores

taken the previous year and made dv liable by the school. In addition, the

WRAT was administered to each subject by the experimenter. The six subjects

for whom SRA scares were not available here assigned to the two reader ability

groups on the basis of their WRAT scores. The median VRAT scores, with grade

equivalents in parenthesis was 49 (8.1) for the good readers and 33 (5.2) for

the poor readers.

Stimuli. Stimdli consisted of random (low redundancy) strings of either

lower case consorran,ts and random strings of ei 'ght digits (Trans-Artype No. T

1141, Franklin Gothic, 36(pts.). The -sYmbid 0 was not used as either a digit

or a-letter. Each stimulus string was centered on a 4" x 6" (10.16. x 14024 cm)

;Ird. The individual letters or digits appearing 'on each stimulus card were_

cLntered on 1.25 Lm square tilos, as in Experiment 1, and placed in separate

co:Itainers,

0
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Design. A repeated measurements design was used, with each 'subject re-

ceiving'four_trials-one on each task). The four tasks were bp:, place eight

letters in correct order; place-eight digits in correct order;'rec41 as many

o'f' eight letters as possible, and recall a- many of eight-digits as possible.

Stimuli and tis'r.s were counterbalanced in a Latin Square with ten subjects in

each level of reader ability receiving one of four orders. Letter and digit

tasks were always presentedaltcrnately in order to minimize interference among

tests.

Procedure. The apparatus an procedure used in Experiment I were used for

the two spatial. order memory tasks\in Experiment 2.

For the two free recall tasks,jthe.procedure was identical to that used for

the spatial order memory tasks, except. that following offsetiof the stimulus,
\

the subject was given paper and pencO and instructed to write down as many

letters (or%cligit) as he could remember having seen. The SUbject was told
1

\
,

!

' that the order in which .he wro-te them r!owo was not important.
\'

The stimulus remained On for four sec. for all four ,tasks, during which time

subject read the items aloud from left to right at a rate of two items per sec.

Results and Discussion

Order Memory. The number of consonrims placed in cprrect spatial .positions

and the number of digits placc,d in correct spatial ousitions uldS scored for each

subject and entered into au unnlysis of variance with reader ability (good or

poor) and order of task ;rest-Illation-( *our urers) as the between -sub sect factors.

Ee within7subitt factor was type of Paterial\ftetters and (.1igits). Results

art_ qhown in Table 2 under Order Memory. fh chan,'e level of perforanc was
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1.01. The main effect of reader ability was significant, F (l .,12) = 8.12,,

.006; good readers were better at reconstructing the spatial order present

in both lettervand digit displays than uere.the poor readers. The main effect

----

of type oOmaterial was also significant, F,(1,72) =.18.66, 11 < .001; more

digits than -letters. were placed correct, posillons. The main effect of order

of presentation of tasks was not significant. None of the two-way interactions

involviag reaerability, `presentation order, and type of 'material were sig-
1

nificant.

The data on spatial order memory from Experiments 1 and 2 point to a poor

reader deficit in the'ability to reconstruct the spatial brrangement of discrete

.items.- Informal observation suggested that if confidence ratings had been used,

the good-poor reader.differences would oaveleen even more exaggerated. Good

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

as "I'm sure that's not right," or "it looks wong." In contrast, poor readers

generally appeared less critical of their arrangement of the tiles. Since poor
\\ -.

readers showed the same incremental effects due to ositional\edundancy (EX-

Periment I) and type of material (Exper;ment 2) as di\il the- good readers, memorial

processes may be similAr for the two groups. The difference would seem to be

in the bility to encode and/or retrieve spatial order information per se.

The number correct for good and poor readers, shown in Tables 1 and 2 do

nut ..provide a reasonableestil!,ate of sh,q.t..-term olemory capacity f.orartler infor-

mation. With a forced-choice paradim, the total ilu.oher correct includes the

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

2



Order Memory

BEST Cad AVAILABLE

order information (Bjork & Healy, 1970; Estes, 1972) de,ays rapidly. An in-

crease in the number of iteMs entails an increase in time during which order/.

information .decays. Whilewe cannot ascertain short-term memory capacity for

order.information. 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 poor readers than it is' for good readers.

Item Memry. The number of letters correctly recalled and the number of

digits correctly recalled was scored for eachisubject and entered into an

analysis of variance identical to that used far order memory. Results are shown

in Table 2 under Item Memory. The main effect of reader ability was signifi-

cant, F (1,72) .= 11.67, : .002; good readers were better at the recall tasks
i

than were the poor readers. The main effect of type of material was also

significant, F (1,72) = 95.20, 2. .001 that digits- were recalled..better than

letters. On the recall task, ill contrast to the1order task, this is not sur-

prising since the total set of digits is much smaller than the total set of

consonantr. In recall of 8 digits, there is only 'a small possibility of making

an error by guessing. The mail, effect of task presentation order was not

. significant. The Reader Ability x Type of Material interaction.reached marginal-

significance, F (1,72) = 4.75, < .05. On digit recall, poor readers were

closer to good reader performance than they were on letter recall. This probably

reflects the higher probabilltv of bein,':correct by chance on

thsk. If recall was scored by subtractingithe number of errn, .

gitseeall

from the

total number correct, overall reca.11 scorch woulcl bo even mo,re exaggerated in

favor of the good.readers.

Intrusive Errors. On the free rccal tasks, if subject recatreA -___-either a
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diit 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

errr. and poor renders' made a total of .9 intrusive errors. (The few intrusive-

errors made on the digit4-ecall task is undoubtedly attributable to the fact

that the,:e were only two ways to,make an intrusive error with 8 digits as the

st1-.111:s.) The(difference between good and poor reader intrusive errors on

1 5

the digit recall 'task was Significant, y2 (1) = 6.40; < .02. On the letter

recall task, the good readers' total number of 24 intrusive errors was signifi

can:Ly less than the:poor readers' total number of 44 intrusive errors,
.

= 5.88, 2. < .02. Inspection of the intrusive error data. suggested that

poor readers tended to incorrectly recall vowels despite:the fact that only

consonant letters 4erv1 used as stimuli. Since the letter "y" was present.in...

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

reasonable. Good readers incorrectly reca4ed 12 vowels, 8. of these being the

response "u." In contrast, pour readers incorrectly recalled 25 vowels, 12

of which were the response "u." Taking the total number of vowel intrusions

. made, good readers incorrectly recalled fewer vowels than did the poor readers,

(1) = 4.57, < .05. With the "reasonable" intrusion "u" eliminated from

the 2ata, &pod readers made fewer "' anresonable" vowel intrusion errors than didu

poor readers, > (1) = 6.37, .02.

The greater number of intrusive errors made by poor readers on both digits

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

pos,Ale retrieval differences between good and poor readers. The extent to

which.a short-term spatial order memory deficit affects retrieval processes by

enlargIrm the senrch eL is a matter for toture investigdtion.



Order Memory

BEST COPUIVAILABLE

SRA and WRAT lorrelation. A Pearson Product Moment Correlation was run

between each subjedt's WRAT score and SRA score. The r of .841 (N = 74) was

significant, 2 ..001. Since the WRAT tests word recognition and the SRA_tests

reading comprehension,. the high correlation between the two tests is 'consistent

with the contention (Katz & Wicklund, 1974'197,2; Shankweiler & Liberman, 1972)

that the major differentlatio'n between good and poor readers is at the level

of individual word,rather than at the level of connected text. Data from_the-

present studies, which show a poor reader deficit in spatial order memory, in

conjunction with data (Mason, 1975) that pOor readers do not utilize spatial

redundancy information in the identification of single letters,_also-Suggest

differences- at the,word level. Words, after all, consist of letters that occur,

by and large, in positionally redundant locations.

.Conclusions

The notion of a sequencing or order deficit in poor readers is by no means

new. Bakker (1972) summarizes a sizeable. body of evidence that links disturbed

re,:iing to a disturbance in temporal order perception. Bakker'does not, how-.

,ever, present a precise hypothesis of just how temporal order perception is

related to the actual reading process. Furthermore, it is not clear from the

studies 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 map onto thk.

same abstract conceptual elements for "position-in-Series," and spatial and

ter oral locations are particularly susceptible to interaction with one another.

It will take more sophisticated paradigms than the ones used to date to untangle

true temporal order effects from spatial order effects.
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The order. memory experiments reported in this piper point to an order

memory deficit in poor readers. Using a paradigm in which all the correct

items, are given to subject; and the task set the subject is solely to retrieve

the spatial order of the items, poor readers were equivalent to good readers

only on four item length strings. With 6 consonants, 8 consonants, and 8 digits,

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

Order information for the items making, up -the strings.

There is evidence (Makita, 1968; RoZin, Poritsky & Sotsby, 1971) that an

alphabetic writing system makes demands upon the ivader not present in a

semantic.Or idiographic writing.system. One of these demands is:that the order

of letters must be preserved at the level of the words, for the meaning of a .

word depends upon the order'of the letters rather than upon the letters them-

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

(Leene & Bakker, 1969) that poor readers (o poor temporal order perceivers)

make as many as four times more "order" errors in reading and dictation than

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

Liberman (1972) have found that sequence reversals Account for only a small

;

proportion of total errors made\by poor readers. i

I

We 14culd suggest, therefore; that a more fundamental demandion an alpha-
\ '

betic writing system for proficient reading is the ability to c gment visual

feature information with positional redundancy information at the level of

identification of individual letters. Knowledge of positional / redundancy may

be based on more ;bstract structures such as knowledge of English morphological

rules. The studies on (1975) showing that good and pour readers are dif-

ferentiated by the utilization of spatial redundancy in identifying individual
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letters, in conjunction with .the studies reported in this paper showing that

poor readers are less able than good readers to encode, preserve and/or re-

trieve the spatial relationships existing in a string of discrete letters,.

would support the hypothesis that a spatial order perception (or memory) deficit

diminishes positional redundancy as a source of information for poor readers.

With an alphabetic writing systeM,.the redundancy of spoken language (tempOral

in nature) is carried over in the written language, where it beomes spatial in

nature. It may well be that an alphabetic writing system makes demands Avon

short term memory that are too great to be met "by a process of letter identifi-

cation based solely on the analysis of visual features. 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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Group

Good

Readers

Poor

Readers
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Table l

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.

Redundant

5.56

4.75

20

Spatially

Nonredundant

4.75

3.0b
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Table .2

Mean Number of Correct Responses for Order Memory and for Item Memory as a

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

Type of Eight. Item Task

Order Memory Item Memory

Group /Consonants Digits Consonants

Good

Readers 3.35 435 5.70

Poor

Readers 2.45 3.73 4.80

21

Digits

6.70

6.38


