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Effects of presentation mode of working memory tasks

on relatively poor readers

Naoko Muroya

Abstract

Previous works have demonstrated a significant correlation between reading and working
memory using the Reading/Listening Span Test (R/LST) (Daneman, & Carpenter, 1980).
The purpose of the present study was to test the effect of the presentation mode of a working
memory task on the relationship between reading and working memory. RST, LST, and a
reading ability test consisting of five subtests were administered to 40 teenagers (mean age
= 14 years 6 months) and correlations were computed. For relatively good readers, RST
correlated significantly with LST and both tasks showed similar correlation pattern with
reading subtests. However, for relatively poor readers, LST showed no significant correlation
with any reading subtest or RST. These results suggest that RST and LST performance might
equally reflect individual differences in reading related working memory only for relatively
good readers. LST rather than RST tends to be administered to children with reading
disabilities, but the effects of modality on the measure for reading related working memory in

children who has difficulties in reading should be further investigated.

Key words : reading ability, working memory, listening span test, reading span test, presentation

mode.
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Working memory has been argued to play a crucial role in the reading process (Just, &
Carpenter, 1992; Mitchell, 1982: 127-148; Perfetti, 1988). The general concept of working
memory refers to the temporary storage of information that is being processed in any of a
range of cognitive tasks such as comprehension (Baddeley, 1986). Numerous papers have
discussed the relationship between verbal working memory and reading ability on various

subject samples using working memory spans.

Working Memory and Reading

Daneman and Carpenter (1980) developed the Reading Span Test (RST) comprising a
sentence span task measuring verbal working memory. This is a dual task that requires
processing and storage of information simultaneously. A subject is required to read aloud
sequences of sentences as a processing demand and to retain certain words until the sequence
of sentences is read as storage demand. They also developed an auditory version of RST,
the Listening Span Test (LST), and reported that both of these tasks correlate highly with
reading and listening comprehension measures in university students (Daneman, & Carpenter,
1980). Despite being memory tasks, RST and LST have been demonstrated to have significant
correlations with reading comprehension tests, which have been the dominant impact of these
tasks (Saito, & Miyake, 2000).

The R/LST have been reported to correlate with specific comprehension measures such as
fact questions, pronoun reference questions, making inferences in either a reading and listening
state, and global comprehension ability measured by standardized reading comprehension tests
such as the Verbal Scholastic Aptitude Test (SAT), Nelson-Denny Reading Test (Daneman,
& Merikle, 1996), or the Stanford Reading Comprehension Test (Siegel, 1994). A significant
correlation between RST and/or LST and comprehension was obtained in the cases of
Japanese language (Osaka, & Osaka, 1994).

Limiting the subject sample to a younger population, RST and/or LST also has been reported
as a predictor of reading comprehension in elementary school children (Takahashi, 1996 ;
Seigneuric, Ehrlich, Oakhill, & Yuill, 2000) and teenagers (Waters, & Caplan, 1996).

From those findings, a significant correlation between reading and both span tasks is likely
the case regardless of language or subjects’ age group. Although a theoretical background for
those interrelations has not been well established (Miyake, & Shaw, 1999), it is assumed that
dual tasks requiring sentence processing and word storage could represent crucial process

included in reading.
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Poor Readers

Poor reader is a term which refers to a reader who has significant difficulties in reading. It
may also be applied to children with reading disabilities depending on the standpoint of the
researcher or practitioner. For example, Aaron (1999) defined reading disability broadly as
below-average achievement in reading comprehension in her work, and Catts, Hogan, & Fey
(2003) subgrouped poor readers into those with dyslexia or a specific reading disability and
slow learners or garden-variety poor readers. The former group often show the discrepancy
between intelligence test score (IQ) and reading achievement test score in a standardized
measure and a deficit in phonological processing (Stanovich, 1988). The latter group is the
makeup of readers who do not necessarily show such discrepancy. Otherwise, the difficulties
that poor readers experience are presumed to be caused by a wide variety of cognitive deficits.
The cut-off level for poor readers from typically achieving children varies among studies.
Siegel (1994) set to the 25th percentile in score of a standardized reading measure, and others
set to at least 1 SD below the mean of a composite measure of reading comprehension (Catts
et al, 2003), or 1.5 SD (Badian, McAnulty, Duffy, & Als, 1990).

Working Memory of Poor Readers

Working memory in children who have difficulties in reading has been examined using
sentence span tasks (de Jong, 1998 : Chiappe, Hasher, & Siegel, 2000 : Siegel, & Ryan, 1989).
These researches demonstrated co-occurrence of working memory deficit and low reading
achievement on regardless of whether a child's reading disability is specific or non-specific.
Being concerned with presentation mode of the tasks, most of the researches rather adopted
auditorily presented tasks (ie. the LST and its variants) (Siegel, & Ryan, 1989 ; Chiappe, et
al, 2000) than reading version of the task ( de Jong, 1998). However, this could bias the result
of those performance because poor readers (or children with reading disabilities) may have a

variety of cognitive imbalances as described below.

Effect of Presentation Mode on Working Memory Tasks

According to a reading component model by Aaron (1997), individual differences among poor
readers’ reading could be explained by two basic components of reading, word recognition
and linguistic comprehension. Catts et al. (2003) subgrouped poor readers into four classes
depending on poor versus adequate performance in the two components of word recognition
and linguistic comprehension. The four subgroups were those with adequate listening

comprehension and poor word recognition (“dyslexia”), poor performance in both areas
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(“language-learning disabilities”), adequate word recognition and poor listening comprehension
(“hyperlexia”), and adequate performance in both areas ( “nonspecified”) (Catts et al, 2003).
This suggests that the background difficulties of poor readers vary among individuals.

Considering the working memory tasks, RST might require word recognition skill more
than LST does, on the other hand both tasks require linguistic comprehension. Since most
researches administer only the listening version to poor readers, the question whether RST
and LST could be regarded as equivalent in terms of the relation to reading ability in poor
readers emerged. Therefore, it is of worth to examine the interrelationship between reading
and working memory in different presentation modes and to test if both of them taps nearly
the same feature of the reading process in poor readers.

The purpose of the present study was to test whether the interrelation between working
memory and reading shows a unitary pattern regardless of presentation mode of working
memory task. For the purpose, I prepared a sentence span test and administered it in different
presentation modes to all participants.

The first question to be examined is the effect of presentation mode on the corelation; that is,
whether reading subtests that significantly correlate with RST agree with those that correlate
with LST. The second question is about the effect of reading ability level; that is, whether
correlations between R/LST and each of reading subtests show consistent result among
relatively good readers and relatively poor readers who are above-average and below-average

readers respectively in this study.

Method
Participants

Forty junior high school students participated in this experiment. Their ages ranged from
13 years 7 months to 15 years 1 month, with a mean age of 14 years 6 months. There were
nineteen boys and twenty-one girls. They were all students at a public junior high school in
Ibaraki prefecture, Japan. There was no ability-based selection for participants of this study

and none of the participants was receiving special educational support.

Tasks
Two verbal working memory tasks and a reading ability test were selected.

Reading span test (RST). This span test requires simultaneous retention of words while

reading simple sentences, and reproduction of retained words. In this test, participants are

required to read aloud a series of simple sentences or phrases shown on a personal computer.
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After finishing the last sentence children recall words written in red in each sentence. The
number of sentences sequentially displayed (span size) increased from two to five, and there
were five sets of sentence lists for each span size (ie. a total of 70 sentences were included). In
this study, all participants were tested on all span sizes from 2 to 5. An example of a 3 sentence
listis “RFTAIE 2ELE THhIFADH (Yasumi ni kazoku to dekakeru). /Going out with family
on holiday”, " & wix &Y HLH L IFAT (Sekiyu wa kagiriaru shigen da). /Oil is a
limited resource”, “® 7\ 5<AY BEIZWD 72 (Akai fuku ga okiniiri da). /The red dress
is my favorite”. The target words were 7*% <{ (kazoku) /family, & @ (sekiyu)/oil, and &
72\ (akai) /red. All the sentences consisted of three words in Japanese and were written in
Japanese hiragana characters. Target words were taken from a 6th grade elementary school
textbook for the Japanese language, and were three mora consisting of 80% nouns, and verbs,
adjectives, and adverbs for the rest. To confirm that children were not engaged only in word
storage, one simple question in regard to sentence meaning was given for each sentence list
when all target words within the list were reproduced. For example, after a child recalled three
target words shown in the example above (family, oil, and red), questions like “What kind
of resource is oil?” would follow. The correct answer is “a limited resource”. The method of
scoring the responses employed criteria used by Engle, Cantor, and Carullo (1992). According
to the study, a point was awarded for each of the words in a sentence list of any span size in
which all the words were correctly recalled, and no credit was given in cases when not all of
the words in a list were correctly recalled. The number of valid correctly recalled target words
was computed as performance on working memory tasks. If a child failed to correctly answer
more than 50% of the content questions out of all the questions answered, the result of his/her
performance was excluded from the following analysis. However, no child met this criterion.

Listening span test (LST). The LST administered in this experiment consisted of identical

sentence sequences and target words to those in the RST described above. Sentences were
recorded in a male voice with the target words recorded in a female voice. Children were
required to listen to sentence sequences presented every two and a half seconds from an audio
tape recorder. After listening to the last sentence of each list ranging from 2 to 5, children
recalled words presented in female voice in the series. The procedure for sentence verification
questions and the rules for scoring were all the same as in the RST explanation above.

Reading ability test. Reading ability was assessed using TK-style Reading Ability Test (Kitao,

1984). This standardized test consists of five subtests, each of which are considered to measure
word identification ability from a meaningful sentence (WI1), word identification ability from

a non-sentence (WI2), sentence comprehension (SC), meaning memory (MM), and inference
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(IN). For WI1 and WI2 tasks, about 15 lines of text sentences or non-sentences respectively
were written in Japanese hiragana characters without commas and periods. Children were
required to identify as many nouns consisting of more than 3 mora from the text sentences
(WI1) or non-sentences (WI2) as possible within 2 minutes. This measures ability to identify
words as letter groups from a letter sequence and to determine their meanings. This is the
first step in the reading process (Perfetti, & Hogaboam, 1975 : Kitao, Toyota, & Hirose, 1983).
Full score was 37 for both the WIIl and WI2. An SC task requires children to fill the blank
(s) in short sentences with the word that best matches the content by choosing from multiple
alternatives. This is a process to find the connection between each word and to understand
the context of the sentence. Full score for the SC was 40. MM assesses the ability to retain
contents of short sentences read before and to reference them to newly read ones. Full score
for the MM was 29. For IN, children were first required to read a short story printed on four
to nine lines, then solve several questions in relation to the story. Answers were not shown in
the stories explicitly, so children needed to infer the answers from stories. Full score for the IN
was 25. Raw scores were used for statistical analysis because this reading test was originally
standardized for children under 14 and some of the children exceeded this age in the current

sample.

Procedure

RST, LST, and reading test were administered individually by a trained examiner in
classrooms of the junior high school that participants attended. For RST and LST, all the
participants completed all the sentence lists included in tests without discontinuing for
sequential errors. The tests were administered in a single day, within an hour for each child.

The alternation of the two working memory tasks was counterbalanced among participants.

Results

Table 1 shows the means and standard deviations for each of the scores of working memory
tasks and reading tests for all 40 participants.

Pearson’s correlation coefficients among scores for RST, LST, and 5 measures of reading
for all the participants were computed and are shown in Table 2. There were moderate
correlations between RST and LST (567, p<.01), RST and reading total score (590, p<.01), and
LST and reading total score (575, p<.01). Although the magnitude of correlation coefficients
with reading measures varied between RST and LST as inferences (IN) (635 for RST and
382 for LST), RST and LST were significantly correlated with the same items of the reading
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Table 1. Means and standard deviations of all measures

Measure M SD Full score
Working memory
Reading span test 14.4 7.1 70
Listening span test 29.8 12.0 70
Reading ability
Word identification from sentence 19.8 7.0 37
Word identification from non-sentence 12.4 4.6 37
Sentence comprehension 222 7.1 40
Meaning memory 22.8 5.2 29
Inferences 15.6 3.7 25
Total 92.8 22.3 168
n=40.

Table 2. Correlations between working memory and reading ability

LST WII  WI2 SC MM IN Total

RST .567**% .396* .519** .542%* 356%* .635%* .500%**

LST 1.000 .531%** 468** 578** 284  382*  575%%*

WIl=word identification from sentence; WI2=word identification from non-sentence;
SC=sentence comprehension; MM=meaning memory; IN=inferences;

Total=total score of reading ability test.

n=40. *p < .05, **p < .01l.

ability subtest except that there was no significant correlation between LST and meaning
memory (MM).

Participants were then divided into two groups according to total score on the reading ability
test. Above average readers were 20 students in the 50th to 100th percentile of the total
score of the reading test and below average readers were 20 students in less than the 50th
percentile of the reading test score. To examine differences in reading ability between above
and below average groups, between-group ANOVAs were conducted. The results of ANOVAs
showed superior performance of the above group on all measures of reading (Table 3). Table
4 and Table 5 show correlation coefficients among each of the variables for above average

readers and below average readers, respectively. For the above average group, both RST
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Table 3. Means and standard deviations of all measures
for above average readers and below average readers

Above average? Below average®  ANOVA
Measure M SD M SD  Fvalue p
Working memory
Reading span test 17.7 6.8 11.2 5.9 10.5 <.01
Listening span test 36.3 12.6 234 7.1 16.0 <.01
Reading ability
Word identification from sentence 25.2 5.0 14.4 4.0 58.0 <.01
Word identification from non-sentence 15.2 3.8 9.7 3.6 22.4 <.01
Sentence comprehension 26.7 5.9 17.7 5.1 27.0 <.01
Meaning memory 25.5 33 20.2 5.4 13.6 <.01
Inferences 17.1 2.8 14.1 3.9 7.9 <.01
Total 109.6  15.2 76.0 14.1 524 <.01
3 n=20. " n=20.
Table 4. Correlations between working memory measures and
reading ability for above average readers
LST WII WI2 SC MM IN Total
RST  .572%* 247 .360 A487* 207 .663%* 527
LST 1.000 338 397 446* -.022 522% A474%

WIl=word identification from sentence; WI2=word identification from non-sentence;
SC=sentence comprehension; MM=meaning memory; IN=inferences;

Total=total score of reading ability test.

n=20. *p <.05, **p <.01.

Table 5. Correlations between working memory measures and
reading ability for below average readers

LST WI1 WwI2 SC MM IN Total
RST 141 -.207 308 183 131 480%* 268
LST 1.000 -.084 -.135 183 .037 -.158 -.021

WIl=word identification from sentence; WI2=word identification from non-sentence;
SC=sentence comprehension; MM=meaning memory; IN=inferences;

Total=total score of reading ability test.

n=20. *p <.05.
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and LST were significantly correlated with the identical items, sentence comprehension (SC)
(487 and 446 for RST and LST, respectively, p<.01), inferences (446, 522 for RST and LST
respectively, p<.01), and reading total score (527, 474 for RST and LST respectively, p<.01).
Moreover, RST measure was correlated with LST measure (572, p<01) (Table 4). However,
for the below average group, correlations between RST and LST, RST and reading total score,
and LST and each reading measure including total score were not significant. Moreover, the
only significant correlation which was seen between working memory and reading measures

for below average readers was between RST
70

and inferences (480, p<.05) (Table 5). That was
60 O
the only significant correlation corresponding to O o
50 O
the above average readers’ results. g o ©
340 (@]
1 w
To analyze the lack of correlation between b |y ’0 8 gb. 0
RST and LST for below average readers, - ‘,O *
20 o6 D
a scatter plot for above and below average ¢ 1o * Oabove average
) ) ) 10 r * ®below average
readers is shown in Figure 1. Below average 0 ‘ ‘ ‘
readers show limited working memory capacity 0 10 20 %0 40
RST Score

for both tasks and a smaller range of scattering,
. . Figure 1. A scatter plot of the relationship
especially on LST, in contrast to above average between RST and LST performance for

readers wide range of distribution (Figure 1). above and below average readers.

Discussion

In the present study, we attempted to test the effect of presentation mode of working
memory task in the context of the interrelation between working memory and reading in
teenagers. We also tested whether the effects, if any, could be shown regardless of children’s
reading proficiency ; that is, whether relatively good and poor readers show similar correlation
pattern between working memory and reading.

Both RST and LST showed significant correlations with reading scores when a sample of the
analysis was all 40 participants. Together with previous findings demonstrating a relationship
between working memory and reading, it appears to be clear that the interrelation between
working memory and reading is not disturbed by presentation mode of the task.

However, when children were divided into two groups based on reading performance, a
different result was shown between them. For above average readers, both RST and LST
measures significantly correlated with the same reading subtests, Sentence comprehension

and Inferences. Daneman and Carpenter (1980) demonstrated that the listening span is highly
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correlated with reading comprehension in university students, the same as the reading span.
The consistent performance of RST and LST in their study was possibly due to the subjects’
characteristics, namely, being university students who could be expected to be above average
readers.

In contrast to the result of above average readers, most of the significant correlations were
not observed when a sample of the analysis was limited to below average readers. Specifically,
there was no significant correlation between LST and any reading subtest.

To investigate the results of below average readers, reliability of LST scoring was examined
first, by comparing scores that were used in the present study based on Engle et. al. (1992)
to the original listening span of Daneman and Carpenter (1980). The former system was
employed here because it could evaluate working memory more sensibly than spans whereas
reliability of the measure was not confirmed here. Listening spans were calculated and the
computed correlation coefficient to LST measure in the present study was .859 (p<.01). The
results of the correlation analyses between listening span and all reading measures were
still not significant, which was consistent with the result shown in Table 5 for below average
readers. Thus, the scoring method of LST itself was likely to be adequate.

Siegel (1994) reported significant differences in LST performance between poor readers
(below 25 percentile on Wide Range Achievement Test) and normally achieving readers
from 6 to 49 years in age. A similar result was obtained in this study (Table 3), in that 80%
of below average readers (16 children) were within the 50th percentile in LST performance.
It has been claimed that children’ s performance in reading closely correspond to working
memory capacity (Gathercole & Alloway, 2008). Then, why were not significant correlations
demonstrated between performance on auditorily presented working memory and reading
ability in relatively poor readers in the present study?

One possible explanation for the question is individual differences in LST performance of
relatively poor readers. Scatter plots show a smaller range of LST, but not RST, distribution
for below average readers as compared with above average readers (Figure 1, Table 3).
Perfetti (1988) pointed out that in principle written language comprehension follows from
spoken language understanding plus written word identification. The differences in written and
spoken language are the greater coding demands of reading and the greater memory demands
for speech (Perfetti, 1988). The raw score of LST was higher than that of RST. The advantage
of LST may be owing to smaller coding demands on LST compared with RST. Different task
demands exist between RST and LST, and individual differences for those specific demands

in below average readers might lead to different patterns of interrelation with reading ability
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between two span tasks. It should be pointed out that below average readers in the present
study could be assumed to show various features or problems in cognitive process. Garden
Variety and Dyslexic are two types of poor readers (Das, 2009) and there was no cognitive
based distinction of readers here.

Higuchi, Takahashi, Komatsu, and Imada (2003) conducted factor analysis among reading
related abilities in 5th grade children in an ordinary class and found that RST and LST
consisted of one working memory factor. This might suggest uniformity of cognitive features
being measured by RST and LST and this finding would seem to agree with Daneman and
Carpenter’s observation of similar interrelations between two working memory tasks and
reading. Nevertheless, the effect of presentation mode of tasks was obvious and reading seemed
to have a greater connection to RST than LST in below average readers. This is possibly
brought about by individual differences in specific task demand for LST.

Therefore, when one attempts to examine cognitive factors as working memory that relate
to inferior reading skills, presentation mode of tasks should be cautiously considered because
it could bias the result of measurements. Moreover, wider range of cognitive traits relating to
task demand should be taken into account and further investigation with larger subject group

is needed to explain poor readers’ characteristics in LST performance.
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Teacher Growth Experienced through the Interchange of Personnel

between Kindergardens and Elementary Schools

The purpose of this study is to get a sense of teacher growth experienced through the
interchange of personnel over periods spanning several years between kindergartens and
elementary schools.

Seven teachers who had participated in the interchange of personnel between kindergardens
and elementary schools were interviewed using the semi-structured interview method, The
contents of the interviews were transcribed verbatim, and separate responses were collected
with important words marked for reference (Sato, 2008). From these contents, important
concepts were analyzed from a common perspective.

Four points of view were extracted from analysis of the interviewees narrations. The first
was a change in the view of development with respect to the individual teacher. The second
was a change in the view of development in terms of children’s abilities. The third was a “reality
shock” for the teacher. The fourth was an increase in creativity and in teaching methods
resulting from experiences at the kindergarden and elementary school.

This study found that the kindergarden-elementary school exchange experience was seen as
beneficial to participating teachers, who, overcoming reality shock, took ownership of what they

learned through their experience and used it creatively in subsequent educational practice.
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