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Abstract

This study describes working memory and developing and validating of an L1 Persian reading
span test for the measurement of working memory of L1 Persian EFL learners. The test, which
included 64 Persian sentences, was developed based on Daneman and Carpenter’s (1980)
reading span test. The shortcomings of the test were identified and removed over three pilot
studies on 74 participants. The final test was used in a study with 140 participants at three
different proficiency levels. The results of an item analysis, as indicated by Cronbach’s Alpha,
displayed an internal reliability of .844 and .790 for the RST processing and recall scores
respectively. This suggests that the newly developed test is reliable enough and could be used to
measure working memory capacity for future L2 studies. This study also provides a clear
procedure for the development of a reading span test for speakers of other languages.
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What is working memory?

Working memory (WM) can be defined as a
cognitive workspace with a limited capacity
pool of attentional resources for the
temporary storage of information while
performing higher order cognitive tasks such
as reasoning, learning and comprehension
(Baddeley & Hitch, 1974; Baddeley &
Logie, 1999). Baddeley and his colleagues
view WM as that which simultaneously
maintains and processes the input it receives
through different channels of
communications (e.g., touch, long-term
memory, sight, and hearing) (Baddeley,
1986, 1996, 2003, 2007; Baddeley & Hitch,
1974; Baddeley & Logie, 1999; Gathercole
& Baddeley, 1993). A three-component
model of WM was proposed by Baddeley
and Hitch (1974). This model consists of a
central executive and two  “slave”
components, the phonological loop and the
visuo-spatial sketchpad. This model was in

use until 2000, when Baddeley added a new
component to it, the episodic buffer, to
account for the studies on densely amnesiac
patients with long-term memory deficits.
This model, as shown in Figure 1, specifies
a functional role of memory as well as an
economical and coherent account of
information on each memory component.
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Figure 1: Baddeley’s Model
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Baddeley’s (2000) model of WM, revised to
incorporate links with long-term memory
(LTM) by way of both the subsystems and
the newly proposed episodic buffer.

The most important component in this
model is the central executive or supervisory
attentional system, which is a limited
capacity pool of general resources.
According to N. Ellis, (2001), “It regulates
information flow within WM, activates or
inhibits the whole sequences of activities,
and resolves potential conflicts between on-
going schema-controlled activities” (p., 33).
The reading or listening span tests are
usually used to measure central executive
and give an index for WM.

The phonological loop is in charge of the
temporary storage and processing of verbal
information. It plays a role as a phonological
store by holding phonological
representations of auditory information for a
brief period of time, and as an articulatory
rehearsal system by enabling the reader to
use inner speech to refresh the decaying
representations in the phonological store
(Baddeley, 2000, 2007; N. Ellis, 2001).
Phonological loop is often measured by
presenting spoken lists of words (word
span), digits (digit span) or non-words (non-
word span), and asking participants to recall
the lists of words and/or digits in the order
in which they are presented. The maximum
number of items that the individual can
correctly recall is considered to be their
phonological memory score.

The visuo-spatial sketchpad is an interface
between visual and spatial information
received either through the senses or from
long-term memory (Baddeley & Hitch,
1974, p., 854). It is also involved in
generating visual images, temporarily
maintaining them, and manipulating
information ~ with  visual or spatial

dimensions. Furthermore, it can be activated
by spoken words by using long-term
knowledge to convert the auditory presented
words into visuo-spatial code (Baddeley,
2007; N. Ellis, 2001). To measure visual
memory, Della Sala, Gray, Baddeley,
Allamano & Wilson’s (1999) pattern span
test is usually used by researchers. In this
test, the individual is presented with 2 x 2
matrixes, with two of the cells filled. Then
after 3 seconds, the individual is asked to
indicate which cells were filled in the
stimulus matrix, using an empty 2 x 2
matrix. The size of the matrix is increased
by two cells every three trials, with half of
the cells of each matrix being randomly
filled. The individual’s pattern span is
determined by the maximum number of the
cells that the participant is able to recall
correctly.

The Corsi Block task is typically used to
measure spatial memory (Milner, 1971). In
this test, the subject is presented with an
array of nine cubes arranged at random
locations on a board placed between the
tester and the participant. The test starts with
the tester initially tapping two of the blocks
one after the other and then asking the
subject to 1imitate the sequence. The
sequence of taps gradually increases to a
point at which performance breaks down.

The episodic buffer (Baddeley, 2000) is a
limited capacity temporary storage system.
According to Baddeley (2007), “It combines
information from the loop, the sketchpad,
long-term  memory, or indeed from
perceptual input into a coherent episode” (p.,
148). Moreover, it plays a role in interfacing
between WM and long-term memory
through the central executive, interacting
phonological loop and sketchpad. It is also
proposed that retrieval from the episodic
buffer is through conscious awareness.
However, no method of measurement has
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been proposed yet to assess the episodic
buffer (Baddeley, 2007).

Rationale of the study

Since an important role for working memory
has been found in the first language
acquisition (e.g., Daneman, 1991; Daneman
& Green, 1986; Waters & Caplan, 1996),
research on the role of working memory is
emerging as an area of concern for second
language acquisition (e.g., Atkins &
Baddeley, 1998; Miyake & Freidman, 1998;
Robinson, 2002, 2005). Working memory is
typically measured by a reading span test
(RST) or listening span test in L1 or L2.

The Reading span tests were first introduced
by Daneman & Carpenter (1980). They were
used to measure and give an index for
working memory capacity (WMC). In a
reading span test (RST), participants are
asked to read sets of sentences, report on the
semantic acceptability of each sentence
(processing assessment), and then recall the
final word of each sentence when prompted
(storage assessment). Since the introduction
of the RST by Daneman and Carpenter
(1980), many researchers have used either
Daneman and Carpenter’s original RST or
the modified versions of that in their studies
(e.g., Alptekin & Ergetin, 2009; Chun &
Payne, 2004; Daneman & Carpenter, 1980;
Harrington & Sawyer, 1992; Lesser, 2007,
Osaka & Osaka, 1992; Swanson, 1993;
Walter, 2004).These studies measured WM
either through an L1 RST (Chun & Payne,
2004; Lesser, 2007), an L2 RST (Alptekin &
Ergetin, 2009), or both L1 and L2 RSTs
(Harrington &Sawyer, 1992; Walter, 2004).
As prior research indicated that WM is
language independent (e.g., Miyake &
Freidman, 1998; Osaka & Osaka, 1992;
Osaka, Osaka & Groner, 1993), measuring
WM in L1 was then became popular in
cognitive psychology and studies in second
language learning. This could also help to

avoid conflating WM and L2 proficiency.
However, while there may be considerable
number of L1 RSTs for some languages;
there are few L1 RSTs in some others. In
Persian, there may be few reliable versions
of RST, and if any, none of them has been
published or accessible for the use in other
L2 studies. This issue points to the need for
the development of a RST in this language
for the research with L1 Persian EFL
learners. The present study focused on the
process of development and validation of an
L1 Persian RST for the use in second
language learning studies. More specifically,
this study describes the stages at which RST
items were developed, piloted, revised, and
finally employed in the research with L1
Persian participants.

Methodology

Subjects

74 L1 Persian EFL learners at three
proficiency levels participated in three pilot
studies. Then the newly developed test was
administered to 140 L1 Persian EFL learners
in an experimental study. They included
both males and females, 16-35 years old,
studying English as a foreign language in a
private language school in Iran.

Material

A corpus of Persian sentences was
constructed by an expert in the Persian
language. The sentences contained general
information, and lacked of any technical and
scientific content. 64 sentences were
selected from this corpus to form the RST.
This test included 10 practice session
sentences and 54 test sentences, all of which
were in an active and affirmative form
within a range of 13-16 words. Half of the
sentences were constructed as ‘nonsense’
sentences. This was done by rearranging a
few words in such a way that sentences were
semantically anomalous (Chun & Payne,
2004; Harrington & Sawyer, Lesser, 2007,
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Turner & Engle, 1989; Waters & Caplan,
1996). This was to make sure that the
participants ~ processed  sentences  for
meaning without focusing only on the
retention of recall items. This test was
administered individually using a computer-
based format. Because Persian sentences
follow SOV syntax (the sentences initiate
with a subject followed by an object and a
verb respectively), each sentence ends in a
verb, similar to the reading span tests in
Japanese (Osaka & Osaka, 1992) and
German (Osaka et al., 1993; Rochr &
Ganem-Gutierrez, 2008). Each verb
appeared only once in the test. Therefore,
the final words in this test were 64 different
verbs. The verbs in each set were not
semantically related. The sentences in the
test were arranged in three sets of 3, 4, 5,
and 6 sentences. Half of the sentences in
each set were nonsense.

Test procedure

After the initial form of the RST was
developed, three pilot studies were
administered to three groups of L1 Persian
EFL learners. This was to identify the
potential problems with the test. Then the
newly developed test was used in an
experimental study for the measurement of
working memory capacity.

The test was in a PowerPoint format and
was taken individually. It assessed two WM
components, processing and storage (e.g.,
Chun & Payne, 2004; Daneman &
Carpenter, 1980; Harrington & Sawyer,
1992; Lesser, 2007; Waters & Caplan,
1996). The participants had to read each
sentence, judge whether or not it made sense
and say their judgment aloud while their
answer was recorded. This was the measure
of WM processing. They also had to
remember the last word of each sentence up
to the end of the set until a visual prompt
(three hash keys) along with a two-second

auditory prompt appeared on the computer
screen. The pilot study results suggested that
these two simultaneous prompts could well
put a clear boundary between the sets and
help the participants not to miss the recall
time. At this time, the participants had to
recall the sentence-final words and say them
out loud while their answers were recorded
by the researcher. This was the measure of
the WM storage component. To control the
recency effect, the participants were
required to recall the words in the order in
which they appeared (Baddeley & Hitch,
1993; Waters & Caplan, 1996).

A test instruction guide followed by an oral
explanation which included an example set
of three sentences was given to the
participants prior to the test. Then they were
given a practice session consisting of 10
sentences in two sets of three and a set of
four sentences. Then the test began with a
set of 3 sentences, and as the test progressed,
the number of sentences presented on each
trial increased successively from three to
six, with three trials being presented at each
series length. The prompt slide transitions
increased accordingly from 12 to 18 seconds
based on the length of each set.

Pilot studies

To identify the potential problems with the
RST, three pilot studies were administered
to three different groups of L1 Persian EFL
learners. In the first pilot, a group of 12 L2
participants completed the RST, followed by
a retrospective report. In their retrospective
report, they all reported that the transition
time, 6 seconds, for each slide was too short
to read through the sentence. They also
wrote that a few sentences were too vague
for them to determine whether they made
sense or not. The results of an item analysis
indicated that there were some poor test
items in the test. They were identified as
being too difficult. These results indicated
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that the participants had performed poorly
on both the processing and recall
components. The sentences which the
students had identified as too vague were
located among the ones which had been
identified as too difficult by the item
analysis. In consultation with the Persian
language expert, these sentences were either
revised or replaced with new sentences.
Then the transition time for each slide was
increased to 8 seconds as well.

In the second pilot study, similar to the
procedure in the first pilot study, a group of
18 L1 Persian EFL learners completed the
revised RST followed by a retrospective
report. In their retrospective report, they
wrote that they had had sufficient time to
read through the sentence on each slide and
even rehearse the sentence final words
(target). They also reported a case where
two sentence final words were semantically
related, and they had been able to make an
association between them for better recall.
The results of this study supported the
participants’ claims. Their performance on
the RST was better than the prior group’s.
Most of them were also able to obtain the
scores for the two semantically related
targets. Since the participants’ rehearsing
could have inflated the recall scores, the
transition time for each slide was decreased
to 7 seconds. Furthermore, one of the
sentences including a semantically related
word was replaced with a new sentence
including a different target word. The new
sentence was developed and proposed by the
same Persian language expert.

In the third pilot study, the revised reading
span test was administered to a group of 44
participants. They reported that the
transition time for each slide was just
enough to read the sentence through and
decide whether it made sense or not. No one
reported any opportunity for rehearsing the

targets. Moreover, they believed that all
sentences throughout the test had been
neither too easy nor too difficult for them.
The results of the item analysis also
indicated that each item made a good
contribution to the test. The internal
reliability for this test, as indicated by
Cronbach’s Alpha, was .834 & .737 for the
RST recall and processing respectively.

Application of the newly developed
reading span test in L2 research

The final test was used in an experimental
study conducted by the researcher. This
study investigated the relationship between
WM and L2 reading ability on 140 L1
Persian EFL learners at three proficiency
levels. The sentences in the test were
arranged in three sets of 3, 4, 5, and 6
sentences. Half of the sentences in each set
were nonsense. Each sentence appeared on
screen for 7 seconds, when the computer
transitioned to the next slide. After each set,
a slide with 3 hash keys and a two-second
auditory prompt appeared. This was to
signal to the participants to recall the final
word of each sentence in the set.

To score the test, one mark was allocated to
the participants’ correct judgment and one
mark to their correct recall of the test session
items, with the total of 54 each. Thus, since
there were 54 sentences across all the trial
sets, the range of the participants’
processing and recall scores was between 0
and 54 for each participant. No marks were
given to the practice session items. This was
consistent with the scoring method in recent
studies (e.g., Alptekin & Ergetin, 2009).
Then a composite WM score was used as an
indicator of the participants’ WMC (e.g.,
Lesser, 2007; Waters & Caplan, 1996). The
composite WM was obtained by adding the
processing and recall z-scores. This is a
more reliable scoring method of WMC
compared to the traditional span scores that
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quantify the highest set size completed or
the number of words in correct sets
(Freidman & Miyake, 2005). An item
analysis was conducted on this measure. The
internal reliability for this measure, as
indicated by Cronbach’s Alpha, was .844
and .790 for the RST processing and recall
respectively. This suggests that the newly
developed RST is reliable enough and could
be used for the measurement of WM in
future studies.

Conclusion

This study described developing an LI
Persian reading span test for the
measurement of L1 Persian EFL learners’
working memory capacity. The Persian
reading span test was developed, piloted and
successfully used in a study with 140
participants. As the internal reliability of this
measure was quite high, the test can be used
to measure working memory capacity in
future second language learning studies. The
same procedure could also be used to
develop a reading span test for speakers of
other languages.
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Appendix
The List of Reading Span Test Items

This list includes both the sense and nonsense Persian sentences as follows:

Practice Session

sl gl lgs g 508 398 45 5,5 o (6,5 plonil &) ppanad (53,5 oS

g Cansgd 6500 b oS Wy 45 Censl S iy 53l iy 5 g3l Yoo
g8 oo anlilad 09 o0 12l O 59 51 lado (taled 4 (g o (slaigi &,
Sl b golslas 1) laslasiwl a5 cunl Lis (pl jo Sludl ;o oage 5
gt le 33 slashaxiul al; sl o ()0 Ko o Lo oS cl g5
Bl g 1) o ol o5 la el b )3 g plains ael 95 4 Lo (1857 5o
esS e p ol 1 6% wlt prals 1) Jlo iz cnl 4,25 e S

P52 929, OSLEe (e b YL sale S yae (5] Gy (6l o p0l> (e
ool L3l 0 o5 L s 035 03 10 (el 58 (o0 Lo (Glowsl LS (4] 8
Wil 355 138 (6l HTL B oS (oo D32 1) 25 9euST 68 9 98 GlalS

Test Session

250 59y 4 S SeumalS o Jlucel sl (il aisls o] slo olo 4o (50 el 4o )5
bt ol e sl o5t IS i 51 o sl 5 S

Ll 095 Gl 5l donl ps 0 gd (210 juy aST gy 0all gl LT 5 lg 05

b o)lgd wlawlie cy > Lal oS (559, sln o3k A Ol o

gt S g 0,5 el a5 cpl b pandly (o) (59, 0l <l Sk b

w31l g0 a1 893 ey ad IS 51 (6 )boms Aind b ad ST L e

lo i go o (So,b (BB oo 55im poces 5 oo 3l (So,b 51 (5965 55 (e

Sedgise ) S aed 5 ples az e cBLb L aS puys SHb51eS sl alaiys ole 595
23l Broe ;2T a0l b jlomg (21l (gan b i (oo Lo b ddcon yoy

a3y (o Sl ple lewl ;0 a5 Cusled B iy (yaeiy ple (e e By yre 0K L ool
il pedd 4 Bib e 93 B 095 5o alys oo oo Sl pan

wi3d o 2l o5 o aBl o8 (Sl e Jlal 42358 sl o wiile S

gl ly oS olay az )l So b g L85 &5 ) e dlSl s 1S5

b3 g0 ly Camnd bl 5l Cay 1l g, 50 205 aiile Soim Sidiga

pload ooli8ly 5y 5l 50T O yole e Jdo 4y CaS oo dliad o0
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ez [y Ly S (nl (oS 0,5 (oo o)Lal aillsge « st LD adelg LSl ST
255 plT 093 j0le slg g e p (B9ET 0 ¢ Cazme s ey 5o (S35S e IS

i ss 2o lajlxe b Ll g o35 o0 380 (b1 500 5L 15 093 pleg Lol (liwgs
S 5 ) Jlasl Gliee) o2 5L pasling |, O sdlgd (55, 4l b

Wbz o0 ol e ar |y Wl 5 05 48 S Cuss | 025 e

Wiz ol 4 den ABIS Jlo wl Eely WIS o ole 3 o oo BB aeg ad) ol

L) 095 sl o gl Sl b g wdST (o) Alg) oy

Bl o ld aeS iy 09 00,5 oS Jlu )b aST 1) 895 Sl jalex (SO e

Al g, 4,5 aes oly aS o lgael Ca s (S WS I Lol

Bl (oo (S (B8 Sy Sl pa ok Sy Ce b (pliwg) JLeo B (155 Sl 6 ke 5920
loasl g WT)Q denl) Hleds a5 Woe g ke sllS i C)T calls o

25 oo ) (Fed SleSin SBLL b 5l (ol b bl glls Sl mojg e JluieS 0 pe
e Cawgd 3l Ll S gl waa plaie 4 1) lalacaus (gy5lob a5 ol (5,56 w, sailas !
ot (85,9155 i e 38 53 5955 Lol ) o S a5l L ol

W3S e o U o bazy Lo ed 4 w9 5L U1 sl o oo

W oo ) 0y iz 05kad S35 ol o 595 52 093095 5 Ole Sl

5lgs oo |y 0 o Lople ool ouig p G glansl (gl oS wiin Lislel b oy Sl 575 (6 )b
ey by did> o 5L 0 51 0g5 B de caudl, aSyI L

@rio by jow by 095 cole jo )b aiz Wl og 4sS dese 4y S

Al o 955 iz Ll jole ol ails (gauad aSyl g0y

(lodal jaooly 5l g5 oS ol il (oS 3,8 o lpol L e 1ha ) A5

Wi oo 5o Aol (b3 1) 1550 DS o pled a5 sl cpl del ioled b el old glay L
Slgz oo |y asliald Glosly Synp 2w Bl 5o sl (o0 &5 Glins)

ol so by loaxely 5 05 o0 pud ol oS paud oo uldils bl o1y o 0301 6 iy 5

A5yl Ll i pole p Lg 4 il wlly oo (SleS s g oo w9 a5 LT S o

pelon ol (298 JB)ladess; o pl ool joumme 095 (339 gy (2 1P 6T ol sl n e
S gk slao b olgd (oBu, Glgd S 1y g ol 4l Lame

oLl e as lae ol Bl g0 5 1ae GB,b 4y s wlawle

(il 09 s ) JLiSias 05 09 (Fundlyis 60,5 B 4z 5o 5900
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i dlise g e 5y 50 i (sl oyl Als (6988 (S Fob ddeen

Ay oo Oyao GloaiiSs ¢ b e slaaz Glea b 25 L S S>eS a F
55 s Sl ) ey 5 59,5 sl (el 33 5Ll sl Jomr Bl 5] o 05 5,
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ol (o0 (o850 Gloke | (oB 0 gl ST G 352 b Lo (5 aloee p3 e
waslydly ol lage 5o Gl 1) ey aS 0gs o wily e 0 (slaus jei
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