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Abstract

One of the most influential models of working memory (WM) is the one developed by Baddeley (1986, 2000,
2003) which views WM comprising several components—a central executive, an episodic buffer, the
visuo-spatial sketchpad, and the phonological loop. The phonological loop or phonological memory (PM) deals
with the temporary storage of verbal and speech-based material. This study aimed to examine the effect of dual
n-back task training on the expansion of PM capacity (PMC). One hundred twenty six adult EFL learners at the
beginner level were randomly assigned to the control and experimental groups. The participants in the
experimental groups were involved in dual n-back task training for six weeks. Nonword repetition and nonword
recognition tests were used to measure PMC. The results showed that the training on the dual n-back task had a
positive and significant effect on the expansion of the participants’ PMC.
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1. Introduction

One of the important factors in cognitive studies related to individual differences is working memory (WM).
According to Baddeley (2003, p. 189), WM refers to the “temporary storage and manipulation of information
that is assumed to be necessary for a wide range of complex cognitive activities”. According to the Baddeley’s
WM model (2003), WM consists of the central executive, phonological loop, visuo-spatial sketchpad, and
episodic buffer. The phonological loop has to do with the storage of verbal, speech-based material so that it can
be immediately accessed and accurately repeated back aloud or silently rehearsed (Baddeley, 2000).
Phonological loop has also been interchangeably referred to as phonological memory (PM) (Hummel & French,
2010). Some scholars have highlighted PM as an important source of individual differences in L1 acquisition
(e.g. Baddeley, 1986; Baddeley, 1996; Gathercole & Baddeley, 1993) and in L2 learning (e.g., Harrington &
Sawyer, 1992; Papagno et al., 1991). According to Kormos and Safar (2008, p. 263), “as PM is responsible for
remembering sequential information, its role in language learning is far greater than previously supposed.”

Common tests used to measure PM are non-word repetition (hereafter NWRP) and non-word recognition
(henceforth NWRC) tests. In NWRP, participants are asked to repeat non-words of various syllable lengths. As
Hummel and French (2010, p. 374) put it, “the non-words generally consist of semantically empty items that
follow the phonotactic structure of real words.”

While working memory capacity (WMC) has long been reckoned to have a stringent limit (e.g., Cowan, 2001),
growing evidence shows that WMC can be expanded though targeted training (e.g., Klingberg et al., 2005). The
notion that training can significantly expand WMC has sparked great interest, and has given rise speculations
that the cognitive benefits of WM training can be extensive (Jacggi et al., 2008).

The evidence shows that WMC can be expanded and it suggests that similar effects may be possible for the PM
subsystem of WM. A direct training effect on PM has in fact been reported in an L1 study with children
conducted by Maridaki-Kassotaki (2002). They found that Greek-speaking children who received training on an
NWREP test (15 minutes a day, four days a week) throughout their first school year outperformed matched
children who did not receive such training when later tested on both NWRP and L1 reading tests. This study
provides support for the notion that PMC can be expanded through specific training, with additional beneficial
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effects on reading skills.

As Morrison and Chein (2011) stated, generally the approaches to WM training are categorized based on their
focus on domain-specific or domain-general components of the WM. One aspect of training studies examines
strategy training which aim at increasing the use of domain-specific strategies that might allow trainees to
remember increasing amounts of information of a particular type (e.g., McNamara & Scott, 2001). On the other
hand, core training studies involve repetition of tough WM tests designed to target domain-general WM
mechanisms (e.g., Klingberg et al., 2002). One of the core training techniques is the dual n-back task. The n
refers to a number which can be adjusted to manipulate the difficulty of the task (Preece, 2011). Stimuli in the
n-back task can be presented in either visual or auditory forms. In the dual n-back task, participants are required
to simultaneously keep track of a visual stimulus and an auditory stimulus (Jaeggi et al., 2008). Jaeggi et al.
(2008) trained participants for 25 minutes a day, for a period of 8, 12, 17 or 19 days through using a dual
visualspatial n-back task. Based on participants’ performance, the level of n in the task adapted automatically.
The participants in the Jaeggi et al. (2008) study were also administered traditional measures of WMC (reading
span and digit span tasks) both before and after training. Compared to the untrained group, those who trained
using the n-back improved significantly on the digit span but not on the reading span. Later, Jaeggi and her
colleagues pursued their studies on the role of n-back training as a WM measure and found that n-back training
is influential in expanding WMC (Jaeggi et al., 2010, 2011, 2014).

The present study aimed at examining the dual n-back task was administered to the experimental groups in order
to see the task effects on the expansion of PMC. In effect, the researchers planned to examine the extent to which
PMC can be expanded at the beginner level through using dual n-back task. Therefore, the following question
was investigated in this study:

Does training on the dual n-back task lead to the expansion of phonological memory capacity in the adult EFL
learners at the beginning level?

2. Methods
2.1 Participants

In the present study the participants’ age ranged from 20 to 30. The participants were selected from Iranian adult
EFL learners at the beginner level. The present study took in 126 participants. The number of the male and
female participants was 60 and 66, respectively. To assess their level of proficiency, all the participants were
given the QPT v.1 (2001). Also, before data collection, the participants were informed that all the information
collected during the study would be kept confidential. In the last week of the semester (Time 2), 9 participants
were excluded from the study.

2.2 Instruments
2.2.1 Nonword Repetition (NWRP) Test

One of the most widely used tests of PMC is the NWRP, where participants have to repeat nonwords. The
participants heard a list of 1-syllable nonwords and were asked to repeat them. Following the study carried out
by Martin & Ellis (2012, p. 385), “there were four lists at each of four lengths: three, four, five, and six words.”
The nonwords were taken from a stimulus pool of nonwords provided by Gathercole et al. (2001). All
participants heard the lists, beginning with the shortest lists and continuing with lists of increasing length
recorded by a male native English speaker. The maximum number of phonemes recalled on any one repetition
set was calculated for each participant. The highest possible score for this test was 22. Two raters scored the
participants’ responses to the NWRP to ensure the homogeneity of the calculated scores. The inter-rater
reliability of the two sets of scores was r = .79 (p < .01) at Time 1 (week one) and » = .74 (p < .01) at Time 2
(week six).

2.2.2 Nonword Recognition (NWRC) Test

Two presentations of a list of nonwords were presented to the participants and afterwards, the participants
decided whether they were the same or different (Afghari, Koosha, & Farvardin, 2013). Four lists were used at
each of four lengths: four, five, six and seven items. The maximum possible score for this test was 16 correct
recognitions. The stimuli were recorded by an English male native speaker. Following Afghari et al. (2013, p.7)
study, “two sequences of items were presented on each trial, with an inter-stimulus interval of 1.5s separating the
last item in the first presentation and the first item of the second presentation.”
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2.2.3 Quick Placement Test

As Granpayeh (2003, p. 8) put it, “QPT is a test of English language proficiency developed by Oxford University
Press and Cambridge ESOL to give teachers a reliable and time-saving method of finding a students’ level of
English.” It is designed to calculate accurately English language learners’ level of proficiency, from the beginner
to the advanced level. QPT, which includes 60 items, takes 30 minutes to complete. According to Granpayeh
(2003), the SEM of the test is around 4 and its reliability is close to 0.9.

2.2.4 Dual N-Back Task

The experimental training task was dual n-back task executed using Brain Workshop (version 4.8.4), a freely
available software (Jaeggi et al., 2008). The experimental groups performed the task four days per week for 6
weeks. In the experimental groups, the participants were instructed to complete the training sessions at the end of
class for 15 minutes. The training sessions began with a main screen that displayed the number and proportion of
correct and incorrect trials for both the verbal and spatial tasks for the previous block of trials, and the overall
average n-level achieved during the training session (see Figure 1).

€3 Brain Workshop 4.8.1 BEEE®R
Dual 2-Back Sessions today: 0
Today's Last 20:
H: Help §f Tutorial DNB average: 0.00
©: Choose Game Type
S: Select Sounds
I: Select Images
M: Manual Mode
D: Donate
G: Daily Progress Graph
W Brain Workshop Web Site
ESC: Exit
Brain
ol og
=
Workshop
Session Thresholds;
3.00 sectrial Raise level: = 80%
20+4 trials Low er level: < S50%
72 seconds
Press SPACE to begin session #1: Dual 2-Back

Figure 1. Screen capture of the brain workshop software (adapted from Hoskinson & Toomim, 2008)

Scoring was calculated as the number of correct responses divided by the sum of the whole responses. If the
average score was 80% or greater, than the n-level was increased by one. If the participants scored less than 50%
on three blocks of trials, then the n-level was decreased by one for subsequent blocks.

2.3 Data Collection Procedures

First, all the participants were given the QPT v.1 (2001) in order to assess their level of proficiency. Based on the
obtained scores on the QPT, the participants were assigned to the beginning proficiency level. The participants’
classes were held four sessions a week, 24 sessions on aggregate. Each session lasted for two hours. The settings
of the data collection were three English language institutes. The PM tests were measured during the first and
last week of the English course. The allocated time for the NWRC and NWRP tests were 10 and 5 minutes,
respectively.

In this study, two groups of participants were involved, control and experimental groups. The participants were
randomly assigned to one of the two groups. The participants’ classes for both the control and the experimental
groups were held four sessions each week, 24 sessions on aggregate. Each session lasted for two hours. The
participants in the experimental groups were involved in dual n-back task training which was expected to expand
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their PMC. The experimental groups were trained four days per week, 15 minutes per session.

In order to ensure understanding of the task, the researcher, first, explained the dual n-back task for the teachers
and completed one round of “2-back” while the teachers observed. Following this, the teachers made the
participants complete a round of ‘2-back’ themselves, and encouraged the participants to continue completing
rounds until they felt confident doing the activity. One session consisted of 15 rounds of the n-back, taking
approximately 15 minutes. The total training period was 24 sessions over 6 weeks. The participants completed
the training independently on the desktop computers available in their classes.

2.4 Data Analysis

In order to answer the research question, data from NWRP and NWRC tests were entered SPSS 21 (2012). In
order to find out the effect of dual n-back task training on the expansion of PMC, independent samples and
paired samples t-tests were calculated.

3. Results

The descriptive statistics are presented first, followed by the inferential statistics. The descriptive statistics for
the PM tests in both control and experimental groups at Time 2 are presented in Table 1.

Table 1. Descriptive statistics of PM tests in control and experimental groups at time 2

Control Groups Experimental Groups
Variables M SD N M SD N
NWRP Test 15.50 1.72 60 16.98 1.89 57
NWRC Test 10.30 1.78 60 12.30 2.01 57

Table 1 shows that the experimental groups had higher mean scores than control groups on both NWRP and
NWRC tests. The mean scores of the experimental groups on NWRP and NWRC tests were higher than those of
the control groups (Ms = 16.98 and 12.30).

To answer the research question, a number of independent and paired samples t-tests were administered. T-tests
were used to determine whether there were any significant differences between the control and experimental
groups with regard to their performance on PM tests at Time 2, which is after the treatment. In other words, the
effect of the treatment (dual n-back task) on the expansion of PMC was examined through t-tests. Table 2 shows
the results of independent samples t-test for the beginners’ PM scores between the control and experimental
groups at Time 2.

Table 2. Independent samples t-tests between control and experimental groups at time 2

Groups N Mean SD t df Sig

NWRP Test  Control 60 15.50 1.72
. -4.43 115 .00

Experimental 57 16.98 1.89

NWRC Test  Control 60 10.30 1.78
. -5.70 115 .00

Experimental 57 12.30 2.01

According to Table 2, there is a statistically significant difference between the control and experimental groups
on both NWRP (t = -4.43, p < .05) and NWRC (t = -5.70, p < .05) tests. Moreover, the mean scores of the
experimental groups on NWRP and NWRC tests were higher than those of the control groups. In other words,
the experimental groups outperformed the control groups on the PM tests at Time 2. To ensure the homogeneity
of the participants at Time 1, independent samples t-tests for the beginners’ PM scores between the control and
experimental groups were computed (see Table 3).
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Table 3. Independent samples t-tests between control and experimental groups at time 1

Groups N Mean SD t df Sig
NWRP Test  Control 66 15.50 1.91
. 1.39 124 17
Experimental 60 14.70 1.71
NWRC Test  Control 66 10.06 1.84

) 57 124 .56
Experimental 60 9.87 1.95

As shown in Table 3, the control and experimental groups are not significantly different on both NWRP (t = 1.39,
p > .05) and NWRC (t = .57, p > .05) tests. In other words, the control and experimental groups did not perform
differently on the PM tests at Time 1. Paired-samples t-tests were used to see whether there was a statistically
significant difference in the mean scores for Time 1 (prior to the treatment) and Time 2 (after the treatment) of
the same group (see Table 4).

Table 4. Paired samples t-tests for comparing the pre-test and post-test results of PM tests in control group
Groups N Mean SD t df Sig
Pair 1 NWRP Pre-test 60 15.15 1.99
NWRP Post-test 60 15.50 1.72
Pair 2 NWRC Pre-test 60 9.93 1.81
NWRC Post-test 60 10.30 1.77

-3.08 59 12

-2.30 59 25

Table 4 illustrates that there is no significant difference between the mean scores of the control groups before and
after the treatment (NWRP test: t = -3.08, p > .05; NWRC test: t = -2.30, p > .05). Table 5 displays the results of
the comparison between the mean scores of the experimental group in pre-test and post-test.

Table 5. Paired samples t-tests for comparing the pre-test and the post-test results of PM tests in experimental
group

Groups N Mean SD t df Sig
Pair 1 NWRP Pre-test 57 14.65 1.74

NWRP Post-test 57 16.98 1.89
Pair 2 NWRC Pre-test 57 9.89 1.96

NWRC Post-test 57 12.30 2.01

-13.69 56 .00

-12.96 56 .00

Table 5 depicts that there is a significant difference between the mean scores of the experimental groups in
pre-test and post-test (NWRP test: t =-13.69, p <.05; NWRC: t =-12.96, p < .05). In other words, the treatment
(dual n-back task) had a significant effect on the expansion of the beginners’ PMC.

4. Discussion and Conclusion

The current research examined the issue that whether training on the dual n-back task leads to the expansion of
PMC (measured by NWRP and NWRC recognition tests) in adult EFL learners at the beginner level. The results
showed that the training on the dual n-back task had a positive and significant effect on the expansion of the
participants’ PMC. The results are in line with Jaeggi et al. (2008) and Klingberg et al. (2002) in that they argued
that dual n-back task training can enhance WMC and other related subcomponents of WM. In this study, PM is
considered as a subcomponent of WM. Moreover, Buschkuehl and Jaeggi (2010) argued that a training task
should be adaptive in difficulty so that the difficulty level of the training task matches the skill level of each
participant, thus providing a relatively similar high level of training demand to all participants. The results also
showed that dual n-back task can be a practical and useful task for expanding the WM and consequently PMC of
the adult EFL beginners.
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The results of the present study showed that the training on the dual n-back task had a positive and significant
effect on the expansion of the participants’ PMC. It can be concluded that PM has an important role in adults’ L2
learning, and the training on the dual n-back task can significantly affect the expansion of the participants’ PMC.
Teachers can help students expand their PMC by applying various strategies and techniques and see the effects
of this expansion on the students’ L2 learning. Furthermore, as it seems that there are strong associations
between PM and L2 knowledge, the first step should be to provide aid for those with poor PMC. The current
understanding is that little can be done to expand poor PM but that there are ways to remove this obstacle in L2
learning as much as possible. This goal can be achieved by the teacher favoring strategies and techniques that do
not require learners to rely heavily on their PM.
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