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The current study investigates the effect of the language of rehearsal on
working memory spans. We hypothesised that, in bilinguals, rehearsal in a
language whose digits are shorter in length leads to better working memory
spans compared to rehearsals in a language with longer digit length. We mea-
sured backward digit spans in 24 bilingual individuals with proficiencies in
Kannada (native language) and English rated as ‘good’ or better. The back-
ward digit spans were measured under three conditions; (i) no instructions
regarding rehearsal language, (i) overt rehearsal in Kannada, (i) overt
rehearsal in English. Digits were presented only in Kannada language for
all the three rehearsal conditions. Results indicated that rehearsal in English
(shorter digit length) resulted in higher scores than the other two conditions.
The results provide evidence to the existence of word-length effects even at

the level of rehearsal strategies.
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INTRODUCTION

Working Memory (WM) refers to the temporary
storage and manipulation of sensory information, as
required for various cognitive tasks (Baddeley, 2003,
2010). Typically, the WM system works by first
directing attention towards the target stimuli. The
stimuli that are attended to are temporarily stored
in the WM system. However, the WM system is lim-
ited in its capacity, and therefore, the ‘memory trace’
that is generated fades within a few seconds (Badde-
ley, 2003; Campoy & Baddeley, 2008; Henry, 2012).
Individuals, therefore, need to use different ‘rehearsal
strategies’ such as subvocal or overt articulation of
the target signals to overcome the effect of decaying
memory trace. In this paper, we discuss a specific
aspect of rehearsal — the choice of rehearsal language
as a strategy — in bilinguals on backward digit (BD)
span.

Over the last few decades, many researchers have
investigated the role of articulatory rehearsal strate-
gies on the WM spans. Rehearsal strategies are tech-
niques (internal/mental) that an individual employs
to facilitate the processing and/or storage (Turley-
Ames & Whitfield, 2003) of sensory information.
These strategies can include overt or covert (sub-
vocal) vocalisation (Baddeley, Buchanan, & Thom-
son, 1975; Neath & Nairne, 1995), verbalising and /or
visualising (Rayner & Riding, 1997), intonation-
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based grouping (Glanzer, 1976) etc. Dunn, Gau-
dia, Lowenherz, and Barnes (1990) reported that
listeners use highly individualistic and amorphous
rehearsal strategies during BD span task. The inter-
ested reader is referred to Dunn et al (1990) for an
excellent review of rehearsal strategies used by indi-
viduals during digit span tasks. It is suggested that
choice of rehearsal strategies may be responsible for
the individual variations seen in WM span (Bad-
deley, 2000b; Bailey, Dunlosky, & Hertzog, 2009;
Hilbert, Nakagawa, Puci, Zech, & Buhner, 2015).
Simply put, those who employ the most appropri-
ate/optimal strategy for the situation will have the
greatest reserve of the ‘limited’ cognitive resources
— greater the available cognitive resources, better
the performance on WM tasks (McNamara & Scott,
2001).

Another factor that determines performance of a
participant in a WM task pertains to the stimulus
characteristics. In WM tasks involving digit or word
recall, it is shown that words which require lesser
time to articulate are remembered better than words
which take longer time to articulate (Baddeley et al.,
1975). This aspect of WM is called the ‘word-length
effect” (Neath & Nairne, 1995). It has been reported
that the same numbers/digits can take different times
to articulate due to differences in the number of sylla-
bles in different languages (Ellis, 1992). For example,
the Arabic language has two variations — long and
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short versions — of digits. This means that, although
conceptually identical, each digit can be pronounced
in two different ways, both differing in length (num-
ber of syllables) but are conceptually identical. She-
bani, Van De Vijver, and Poortinga, (2005) reported
that BD spans were significantly smaller for the
longer version of the digits compared to the shorter
version. Similar results are also reported in other lan-
guages such as Chinese versus English (Stigler, Lee,
& Stevenson, 1986), Mandarin versus English (Mat-
tys, Baddeley, & Trenkic, 2017) and English, Span-
ish, Hebrew and Arabic (Naveh-Benjamin & Ayres,
1986). These studies show that syllable length and
duration of the digits vary across languages and that
these differences affect the BD span (Van De Vijver,
2015).

Similar differences in word lengths (or number of
syllables) are observed in Indian languages as well.
While the digits are mostly monosyllabic in English
(except zero and seven — bisyllabic), they are bisyl-
labic (occasionally trisyllabic) in some South Indian
Dravidian languages such as Kannada, Malayalam,
Tamil, and Telugu. For example, in the Dravidian
language Kannada, digits ‘zero’, ‘one’, and ‘three’
are produced as ’sonne’, ’ondu’, and 'mooru’ respec-
tively which are all bisyllabic. Therefore, the char-
acteristics of the language must be considered while
designing and interpreting working memory tasks.

Bilinguals can make effective use of such differ-
ences in word/digit lengths. Previous research on
bilingual individuals has shown that digit recall spans
are better in the language whose digits are shorter in
length. Ellis and Hennelly (1980) reported shorter
digit span in Welsh language compared to English
in Welsh-English bilinguals. They attributed these
findings to significantly longer duration of Welsh dig-
its compared to English. Other investigators have
also reported similar results in bilinguals of other lan-
guages like English-Italian (Brown & Hulme, 1995),
English-Chinese (Cheung & Kemper, 1994; Hoosain,
1979), Finnish-Swedish (Chincotta, Hyoné, & Under-
wood, 1997), etc.

The studies mentioned above showed that the
recall language (and its word length characteristics)
could influence the digit spans. A corollary of this
can also be possible in the ‘rehearsal language’. Bilin-
guals can choose to rehearse the stimuli in either of
the languages known to them. It has been suggested
that bilinguals have better ‘metalinguistic aware-
ness’ (Ter Kuile, Veldhuis, Van Veen, & Wicherts,
2011). Metalinguistic awareness refers to an indi-
vidual’s ability to ‘think and reflect’ upon the dif-
ferent functions of a language, as well as intention-
ally manipulate the linguistic components (Friesen
& Bialystok, 2012). This would mean that bilin-
guals can consciously choose to rehearse in either of
the languages known to them to ensure optimal con-
trol of (and respond to) the given linguistic informa-
tion. That is, during a digit recall task, irrespective
of the language of stimulus presentation, bilinguals
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have the option to decide the most optimal rehearsal
language (the language whose digits are shorter in
length) to ensure the most optimal response. The
choice of rehearsing in either of their two languages
is a rehearsal strategy that is unique to bilinguals. It
is, therefore, possible that bilinguals can strategically
choose to rehearse in the most optimal language.

We hypothesise that, in bilingual participants,
rehearsing in the language with the shorter digit
length results in better digit spans than in the lan-
guage with longer digit length, and vice versa. If
this is true, then, explicit instruction regarding the
rehearsal language is necessary while testing a bilin-
gual participant, as rehearsal language could be a
potential variable influencing the BD span scores.
Therefore, we measured BD spans in bilingual indi-
viduals to stimuli presented in Kannada language,
where they were explicitly instructed to engage in
overt rehearsal in both their proficient languages.
Specifically, we aimed at observing the differences
in BD span scores with rehearsal in Kannada versus
English, in spite of the digits being presented only in
Kannada. Kannada digits are either bisyllabic or tri-
syllabic (Malda et al., 2008), whereas, English digits
are monosyllabic (except seven). This would mean
that the Kannada digits take longer to articulate
than the English digits. Therefore, we hypothesise
that the BD spans would be longer when rehearsed
in English compared to Kannada.

METHODS
Participants

We recruited 24 participants (10 males, 14
females), with a mean age of 21.15 years (range =
18 to 25 years). Hearing thresholds of all partici-
pants were within 15 dB HL at the octave frequencies
between 250 Hz and 8000 Hz. All participants were
native speakers of the Kannada language. All partic-
ipants had a minimum of 12 years of formal educa-
tion, with the medium of instruction being English.
Additionally, all participants signed an informed con-
sent, according to the Bio-behavioral ethics guide-
lines, prior to the commencement of the experiment.

All participants rated their proficiency in both
Kannada and English languages using the Language
Experience and Proficiency Questionnaire (LEAP-Q)
(Marian, Blumfield, & Kaushanskaya, 2007). The
LEAP-Q is a self-reporting questionnaire designed
to quickly obtain proficiency of language usage, par-
ticularly in bilinguals (Conrad, Recio, & Jacobs,
2011; Kaushanskaya, Blumenfeld, & Marian, 2019).
Multiple previous studies (Anderson, Mak, Keyvani
Chahi, & Bialystok, 2018; Prior & Gollan, 2011) have
utilised the LEAP-Q to obtain the proficiency of the
languages. The procedures for the usage have also
been validated and replicated (Kaushanskaya et al.,
2019; Marian et al., 2007). The LEAP-Q provides,
among other measures, a self-rated proficiency score



for both first language (mother tongue/native lan-
guage) and second language.

Table 1 provides details of the LEAP-Q for all
the participants. The ‘exposure to language (%)’
represents the frequency (in percentage) the partici-
pants are exposed to either language. The ‘choice of
language to read’ and ‘choice of language to speak’
represents the frequency with which the participants
chose to read and speak in either language respec-
tively. The ‘age of acquisition’ refers to the age at
which the participants began acquiring the particular
language. Since all participants were native speak-
ers of Kannada, all of them began acquiring the lan-
guage since birth. The ‘age of fluency of speaking’
and ‘age of fluency of speaking’ represents the age
(in years) at which the participants rated themselves
as being fluent with regards to speaking and reading
either language respectively. ‘Proficiency’ refers to
the self-rated proficiency in either language, which
was obtained by taking the mean of three sections —
speaking, understanding, and reading.

All participants were sequential bilinguals with
English as the second language. All participants self-
rated their proficiency in Kannada with a minimum
score of ‘8 (rated as ‘Very Good’) for the ‘Speaking’,
‘Understanding of Spoken Language’ and ‘Reading’
sections. They also rated themselves with a mini-
mum score of ‘7’ (rated as ‘good’) for English profi-
ciency for the same three sections. We also included
an additional question into the questionnaire to rate
the frequency with which they used English or Kan-
nada language digits in regular conversation. A rat-
ing of 1 was given for using ‘only Kannada’ digits
in daily conversation while a rating of 10 was given
for using ‘only English’ digits in conversation. Most
participants (20 out of 24) used the digits in both
languages equivalently in regular conversation.

Stimuli

All digits for the experiment were presented in
the Kannada language. According to the 2011 Cen-
sus of India, Kannada is spoken by approximately
43 million people, predominantly in the South Indian
state of Karnataka, India. It is a verb-final (predomi-
nantly subject-object-verb) language with a predom-
inant CVCYV syllable structure, with words ending
with open syllables (Nag & Snowling, 2011). Kan-
nada mostly has bi- and tri-syllabic words with few
words containing up to six syllables. Monosyllabic
words are sporadic and can only be observed in some
of its dialects (Nag, Treiman, & Snowling, 2010).
More details regarding the phonemic and phonotac-
tic characteristics of the Kannada language can be
found in Rupela, Manjula, and Velleman (2010).

FEight digits in Kannada language, spoken by a
native female speaker, formed the stimuli for the BD
span task. Digits between zero and eight, except
two, were chosen. All digits chosen were bisyllabic in
nature (e.g. 'naaku’; ’aidu’, ’aaru’ for the digits four,
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five and six respectively). The digit ‘two’ was not
chosen because it was trisyllabic (pronounced ’eradu’
in Kannada). The mean duration of the digits was
560 ms.

Procedure

BD spans were measured on all participants. The
choice of BD span is based on previous reports that
it is more complex than the forward digit span since
BD spans require both storage and concurrent men-
tal reordering of the information (Wilde, Strauss, &
Tulsky, 2004). Yet, the BD span is simple enough
to ensure that there is no flooring effect in any of
the participants. All the measurements were con-
ducted in a sound-treated room with acceptable noise
levels (ANSI, 2003). The stimuli were presented
at 75 dB SPL using a Lenovo-Z50 personal com-
puter connected with Sennheiser HD 380 pro (Wede-
mark, Germany) headphones. The BD task was
carried out using the ‘Audio-Backward Span’ mod-
ule of the custom-designed in-house software called
Smriti-Shravan (Maruthy & Kumar, 2013). The par-
ticipants were instructed to listen to a sequence of
digits, rehearse verbally, and type-in the sequence
in the reverse order. To gain familiarity with the
task, all participants were first given a practice trial
with sequences of three and four digits. Feedbacks
regarding the correctness of the responses were also
provided during the practice trials. The practice
trial was not included for calculating the span scores.
Once familiar with the task, an adaptive one-up-one-
down technique, as used in Basavanahalli Jagadeesh
and Kumar (2019), was used to obtain the BD spans.
The software was set to commence the task with a
series of three digits. A sequence of random dig-
its was presented with an inter-stimulus-interval of
1 second. After the last digit in the sequence is
presented, a new window appeared wherein the par-
ticipant used the number pad of the computer to
type-in the sequence in the reverse order. Partic-
ipants were also instructed to fill in the sequence
with the digit 9 in case they forgot a digit in the
sequence. The participants had a maximum of 30
seconds to type-in their responses. With each correct
response/sequence, the number of digits in the next
sequence (span length) was increased by one, whereas
with a wrong response, the span length in the fol-
lowing sequence was reduced by one. This adaptive
procedure was carried out for a total of six reversals
(from correct to wrong and vice-versa). The first two
reversals were discarded, and the means of the last
four reversals was taken to obtain the BD spans.

As mentioned earlier, the participants were
instructed to verbalise their rehearsal. The primary
aim of the current study was to observe if ‘language of
rehearsal’ resulted in significant word-length effects
(better performances in the language whose digits
are shorter in length). Therefore, BD spans were
measured under three rehearsal instructions — (i)
No instruction regarding the language of rehearsal
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Table 1: Mean responses for the different relevant sections/questions of the LEAP-Q

Parameter Kannada English

Exposure to language (%) 65.20 34.8
Choice of language to read (%) 29.37 70.63
Choice of language to speak (%) 67.5 32.5
Age of acquisition (in years) Since birth 5.0

Age of fluency of speaking (in years) 4.62 12.16
Age of fluency of reading (in years) 10.66 11.16
Proficiency (mean of three sections) 9.15 8.15
Language of using digits 5.62 4.38

Note: Comparisons are made across Kannada (Native language) and English (Second language). The parameter ‘language of using digits’ was
not a part of the LEAP-Q but was additionally included especially for this study.

(NI), (ii) Instructed to rehearse in Kannada (RK),
and (iii) Instructed to rehearse in English (RE). The
NI condition acted as the control condition and was
always the first condition to be tested for all par-
ticipants. Here, no instructions were given regard-
ing the language of rehearsal during this condition.
The NI condition was performed first to ensure that
participants did not develop a bias towards/against
rehearsal in either Kannada or English. However,
all participants were explicitly instructed to rehearse
overtly. It should be noted, here, that for all the
three rehearsal conditions, the stimuli were presented
only in the Kannada language. This ensured that the
language of stimulus presentation did not act as an
additional variable and the only difference between
the three conditions was the language of rehearsal.

It was observed that, in the NI condition, a sig-
nificant proportion of the participants (16 out of 24)
rehearsed in Kannada — the language in which the
stimuli were presented. For the RK and RE con-
ditions, specific instructions were given to rehearse
in Kannada and English, respectively. The order
of testing the second and third conditions was ran-
domised to avoid order effects.

RESULTS

We used the JASP (Version 0.8.6) software pack-
age to perform all statistical analyses (JASP Team,
2018). The results of both the LEAP-Q and the
BD span scores were analysed. We first exam-
ined the results from the LEAP-Q. Table 1 shows
detailed information about the different relevant sec-
tions of the questionnaire. From the table, it can
be observed that the mean proficiency scores (mean
of speaking, understanding and reading sections) for
Kannada (M = 9.15, SD = 0.62) are higher than
English (M = 8.15, SD = 0.61). A paired t-test
confirmed that proficiency in Kannada was signifi-
cantly higher than English [t=5.39, p<0.001, d=1.1].
Further, we performed correlational analyses between
some of the parameters obtained from the question-
naire — mean proficiency scores in Kannada, mean
proficiency scores in English, percentage of English
usage while speaking, and the percentage of usage
of English or Kannada digits in conversation (rows
seven, three and eight respectively in table 1). The
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correlational analyses were done to observe if profi-
ciency in either Kannada or English had any impact
on the usage digits in either language. Analyses
revealed no significant correlation between any of the
four parameters.

Subsequently, we analysed the results of the BD
span under the different rehearsal conditions. Fig-
ure 1 shows the means and (one) standard deviation
of the BD span scores across the three instruction
conditions. Figure 1 shows that the mean BD span
for the RE condition (M = 6.78, SD = 0.74) was
higher than both the RK (M = 5.99, SD = 0.92)
and NI (M = 6.17, SD = 0.88) rehearsal conditions.
We used a one-way Repeated Measures Analysis of
Variance (RM-ANOVA) to explore the statistical sig-
nificance of these mean differences. RM-ANOVA
revealed a significant main effect of rehearsal con-
dition [F (2, 46) = 14.233, p < 0.001, n,2= 0.382].
Post-hoc pairwise comparisons (adjusted for multiple
comparisons using Bonferroni’s correction) showed
that the RE condition resulted in significantly higher
BD span scores than both RK [t=-5.56, p<0.001, d=-
1.131] and NI [t=-3.52, p=0.005, d=-0.719] condi-
tions. There was no statistically significant difference
between the RK and NI conditions [t=1.25, p=0.67,
d=-1.25]. We also performed correlational analyses
between the mean proficiency scores for both Kan-
nada as well as English languages and the BD span
scores across the three conditions. It was observed
that there were no significant correlations between
any of the conditions considered. This indicates that
the proficiency in Kannada or English language did
not influence the performance on BD span scores
across any of the rehearsal conditions.

DISCUSSION

In this study, we explored if rehearsals in a
language whose digits are shorter in length results in
improved BD span scores. We measured BD spans on
bilingual participants who were explicitly instructed
to rehearse overtly in either Kannada (longer digit
lengths) or English language (shorter digit lengths),
even though the stimuli were presented only in Kan-
nada. A ‘No Instruction’ condition, where they were
not given any instructions regarding the language of
rehearsal acted as a control condition. As hypothe-
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Figure 1: Means and (One) Standard Deviations of the Backward Digit Span scores across the three Instruction
conditions. Note: The filled circles, next to the error bars, indicate the individual data points of the participants.

sised, we observed that rehearsal in English resulted
in significantly longer BD spans than rehearsal in
Kannada. Furthermore, there was no association
between the BD spans and the participants’ profi-
ciency in either Kannada or English languages.

Previous studies have shown that languages with
shorter word-durations result in greater WM spans
(Mattys et al., 2017; Shebani et al., 2005; Stigler et
al., 1986; Van De Vijver, 2015). Studies have also
shown bilinguals gain an advantage when the stim-
uli are presented in the language with shorter word
durations (Brown & Hulme, 1995; Cheung & Kem-
per, 1994; Ellis & Hennelly, 1980; Hoosain, 1979).
These studies have shown that the language of stim-
ulus presentation influences the WM span in bilin-
gual participants. Our study extends these findings
and shows that even rehearsal in the language with
shorter word length leads to improvement in the WM
scores.

The cognitive processes used in the rehearsal
strategies are suggested to both influence the WM
task performance and result in large individual vari-
ations (Baddeley, 2000; Hilbert, Nakagawa, Puci,
Zech, & Buhner, 2015; McNamara & Scott, 2001).
The results of our study provide further evidence
that different rehearsal strategies can influence WM
task performance. Additionally, we observed that,
when no instructions were given regarding the lan-
guage of rehearsal (NI condition), 16 out of 24 partic-
ipants rehearsed in Kannada (the language of stim-
ulus presentation). This is in spite of the observa-
tion that both Kannada and English digits were used
equally in regular communication by the participants
(self-rated). They also rated themselves to have at
least ‘good’ proficiency in English, on average. How-
ever, the statistical analyses showed no correlation
between the proficiencies in the two languages and
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BD span scores in any of the three rehearsal condi-
tions. This indicates that it is the rehearsal strategy,
and by extension, the word-length effect, that drives
the result and not the proficiency and/or frequency
of usage of a particular language.

In previously reported studies, typically, word-
length effect reflects the effect of stimulus duration
(both in terms of the number of syllables and time
taken for articulation) on WM performance (Neath
& Nairne, 1995). That is, word-length effects are
driven by stimulus-related properties (Ellis & Hen-
nelly, 1980). However, we hypothesised that word-
length effects could also be related to internal cog-
nitive strategies adopted by the participants. Our
finding that rehearsal in English results in signifi-
cantly better BD spans score, in comparison to Kan-
nada, demonstrates that the word-length effect is
observed even in the selection of the most appropri-
ate rehearsal strategy.

Furthermore, it has been suggested that, in bilin-
guals, irrespective of the language of stimulus pre-
sentation, the lexical representations in both lan-
guages are automatically activated (Dijkstra & van
Heuven, 2002). Since it is not possible to produce
the sounds in both languages, the speaker selects the
most appropriate language (Ratiu & Azuma, 2015).
This selection involves an adaptive selection of task-
relevant language for processing and further compre-
hension, along with inhibition of the task-irrelevant
language (Green & Abutalebi, 2013). We presume it
is during this selection and inhibition of the two lan-
guages that the role of strategy comes in. We believe
that, over the duration of the task, a listener fine-
tunes and updates his strategy to what suits best to
that context. Individuals who use the most efficient
strategies for the given context can often recall more
items than those who cannot (Turley-Ames & Whit-
field, 2003).
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Cross-modal rehearsal strategies have already
been reported (Rayner & Riding, 1997). Therefore,
it is possible that some of the participants can use
an across-language rehearsal strategy when the sit-
uation is appropriate. This indeed was the case in
our study. A small number of participants, eight out
of 24, reported to have rehearsed in English, despite
the stimuli being presented in Kannada. This pro-
vides evidence that across-language rehearsal is cer-
tainly a strategy used by bilinguals. Although it has
been suggested that language-switching comes at the
cost of additional cognitive-linguistic processing load
(Alsaigh & Kennison, 2017; Boukadi, Davies, & Wil-
son, 2015; Olson, 2017), the results of our experiment
provide evidence that language-switching can be ben-
eficial when used as a rehearsal strategy due to the
word length effects.

CONCLUSIONS

In this study, we provide evidence that the word
length effects can also be observed when rehearsals
are done in different languages. Rehearsal in a
language with shorter word lengths leads to better
WM scores, as measured on a BD span task. The
greater WM performance, observed only in bilin-
guals, could also be associated with better metalin-
guistic awareness both their proficient languages. It
is, therefore, essential to consider the bilingual effects
on WM while using backward span tasks in bilin-
gual research. Considering these aspects, it is rec-
ommended, to have different normative values for
bilingual /multilingual populations (like India). It is
also recommended to use clear instructions regard-
ing the language of rehearsal while measuring BD
spans in bilingual participants. This will likely ensure
homogeneity of data in such populations. Also, fur-
ther studies are warranted to understand the use of
such across-language rehearsal strategies while using
other, more complex, tests of WM such as listen-
ing span, operation span, etc. Understanding such
strategies in more difficult-to-listen scenarios is also
warranted. This would help generalise the across-
language rehearsal strategies to a more ecological and
realistic scenario than the simple backward span task.
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