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ABSTRACT ARTICLE HISTORY
Background: Overall, there is growing consensus that working Received 6 November 2015
memory (WM) should be routinely assessed in individuals with Accepted 24 March 2016
aphasia as it can contribute significantly to their level of language KEYWORDS
impairment and_ be. an important fz?\ctor in treatment p_Ianning. Working memory; complex
However, there is still no consensus in the field as to which tasks span tasks; N-back tasks;

should be used to assess WM in aphasia. The two main alterna- fluent aphasia; non-fluent
tives are adapted complex span tasks and N-back tasks. Both have aphasia; language
been used interchangeably in previous studies of WM in aphasia, comprehension

even though the correspondence between the two tasks has not
been properly established.

Aims: The current study investigates the relationship between two
WM tasks—complex span and N-back tasks—in a large sample of
individuals with aphasia. The relationships of these tasks to mea-
sures of language comprehension are also explored, as well as
differences in performance patterns between individuals with non-
fluent and fluent aphasia.

Methods & Resources: Forty-four participants with aphasia (non-
fluent: n = 27; fluent: n = 13; mixed: n = 4) were examined with a
modified listening span task (lvanova & Hallowell, 2014), an audi-
tory verbal 2-back task, and a standardised Russian language
comprehension test.

Outcomes & Results: Results revealed a moderate relationship
between the two WM measures, but demonstrated a divergence
in terms of their relationship to language comprehension.
Performance on the modified listening span task was related to
language comprehension abilities, but performance on the 2-back
task was not, suggesting that the two tasks primarily index differ-
ent underlying cognitive mechanisms. Furthermore, the relation-
ship between the modified listening span task and language
comprehension was significant for individuals with non-fluent
aphasia, but not for those with fluent aphasia.

Conclusions: Overall, the data demonstrate that while performance
of individuals with aphasia was related on the two tasks, the two
tasks cannot be substituted for one another without further inqui-
ries into their underlying differences.
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Introduction

Deficits in working memory (WM), the capacity to temporarily hold and manipulate task
relevant information, are amongst the most widely acknowledged cognitive impair-
ments in aphasia (Salis, Kelly, & Code, 2015). This is not surprising given the strong
association between language and WM (Daneman & Merikle, 1996; Just & Carpenter,
1992) and that WM engages brain areas often damaged in aphasia (Chein, Moore, &
Conway, 2011; D’Esposito & Postle, 2015; Ricker, AuBuchon, & Cowan, 2010; Rottschy
et al,, 2012; Sreenivasan, Curtis, & D'Esposito, 2014). Numerous previous investigations of
WM in aphasia have reported decreased WM capacity in individuals with aphasia
compared to age-matched neurologically healthy control groups (Christensen &
Wright, 2010; DeDe, Ricca, Knilans, & Trubl, 2014; lvanova & Hallowell, 2014; Tompkins,
Bloise, Timko, & Baumgaertner, 1994; for a review see; Salis et al,, 2015; Wright &
Fergadiotis, 2012). Many studies have established strong relationships between
decreased WM capacity and language comprehension (lvanova, Dragoy, Kuptsova,
Ulicheva, & Laurinavichyute, 2015; Sung et al., 2009; Wright, Downey, Gravier, Love, &
Shapiro, 2007). Further, an emerging body of research suggests that, in individuals with
aphasia, treatment of specific cognitive deficits, including WM, could lead to improve-
ments not only in these cognitive non-linguistic domains, but also in various language
comprehension and production abilities (Berthier et al., 2014; Francis, Clark, &
Humphreys, 2003; Helm-Estabrooks, Connor, & Albert, 2000; Mayer & Murray, 2002;
Salis, 2012; for a review see Salis et al., 2015).

Overall, there is a growing appreciation that WM should be routinely assessed in
individuals with aphasia as it can contribute significantly to their level of language
impairment and be an important factor in treatment planning. However, there is still
no consensus in the field as to which tasks should be used to assess WM in aphasia,
whether in aphasia research or in clinical practice (DeDe et al., 2014; lvanova & Hallowell,
2014; Salis et al.,, 2015; Wright & Fergadiotis, 2012). The two primary paradigms used in
aphasia research are simplified complex span tasks—specifically adapted for individuals
with language impairment—and N-back tasks. In a typical complex span task, a proces-
sing task (e.g., sentence reading) is given along with a set of stimuli (e.g., words) to be
remembered for later recall or recognition. In N-back tasks, participants are presented
with a continuous string of items and are instructed to judge whether an item matches a
previous one that was presented N-items before. Proponents of complex span tasks
state that these tasks are the gold standard for assessing WM capacity in cognitive
psychology (Conway et al., 2005) and that variations of these tasks are a valid means of
indexing WM capacity within different theoretical frameworks (Caspari, Parkinson,
LaPointe, & Katz, 1998; Ivanova & Hallowell, 2014; Sung et al., 2009; Waters & Caplan,
2003). On the other hand, researchers using N-back tasks assert that since these tasks are
more language-free in nature, they are more appropriate for indexing cognitive non-
linguistic abilities in language-impaired populations (Christensen & Wright, 2010; Mayer
& Murray, 2012). Apart from these two tasks, backward span tasks, that require partici-
pants to repeat items in the reverse order to which they were presented, have also been
used to assess WM in aphasia in a few studies (DeDe et al., 2014; Laures-Gore, Marshall, &
Verner, 2011). However, in aphasia research, the adapted complex span and N-back tasks
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remain the two most commonly used tools to investigate WM capacity (Wright &
Fergadiotis, 2012) and were hence utilised for the current study.

A key question regarding these two tasks is whether they can be used interchange-
ably as a measure of WM. From a conceptual standpoint, the two tasks involve different
cognitive processes. The complex span task requires shifting rapidly between several
processes: storing and constantly rehearsing incoming items along with performing
some type of a parallel processing task. This is radically different from an N-back task
that simply engages updating of WM contents. Previous research on executive functions
has indicated that these mechanisms—shifting and updating—are clearly separable
(Miyake & Friedman, 2012; Miyake et al., 2000). Also, distinctions between the two
tasks can be made within existing models of WM. According to Cowan’s embedded
processes WM model, a prominent and widely acknowledged state-based model of WM
(Cowan, 1999; D’Esposito & Postle, 2015), performance on the N-back task merely
requires constant updating of the focus of attention, while successful execution of a
complex span task also depends on efficient retrieval of items from activated long-term
memory.

In accordance with these conceptual considerations, several empirical investiga-
tions comparing the two tasks in healthy controls have demonstrated no relationship
between them (Jaeggi, Buschkuehl, Perrig, & Meier, 2010; Kane, Conway, Miura, &
Colflesh, 2007) while others have indicated a significant relationship between tasks
(Schmiedek, Hildebrandt, Lévdén, Wilhelm, & Lindenberger, 2009). Surprisingly no
studies to date have directly investigated the relationship between these two types
of tasks in individuals with aphasia, a population in which these tasks are often used.
Friedmann and Gvion (2003) administered both tasks to six individuals with aphasia,
but were only able to perform qualitative analysis of the WM data, and could not
establish a clear correspondence between performance on the two types of WM
tasks and between performance on N-back and processing of different sentence
types. DeDe et al. (2014) presented both tasks to 12 individuals with different
types and severity of aphasia, but did not report the correlations between their
WM tasks. However, analysis of the raw data reported in their paper indicated no
relationship between listening span (an adaptation of a complex span task for
individuals with aphasia) and 1-back (r; (n = 12) = -.243, p = .472) and 2-back
tasks (rs (n = 12) = -.109, p = .751).

In other studies, performance on the complex span task in aphasia studies has
repeatedly been related to performance on standardised language tests (Caspari et al.,
1998; Ivanova et al,, 2015; lvanova & Hallowell, 2014; Sung et al., 2009). Similar correla-
tions have not been found for N-back tasks (Christensen & Wright, 2010; Wright et al.,
2007). Only in the Mayer and Murray (2012) study did the authors obtain a significant
correlation between non-nameable (face) N-back task performance and aphasia severity,
while the other two verbal N-back tasks were not found to be related to standardised
language scores. The authors acknowledge that these results require further investiga-
tion and explanation. Thus, it appears that all published studies using complex span
tasks demonstrated a relationship between WM and standardised language test perfor-
mance, while N-back tasks show an almost complete lack of significant correlations with
language measures. This discrepancy in reported associations with language measures
between the two WM tasks cannot be simply accounted by somewhat less frequent use
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of N-back tasks in published studies. Additionally, a recent study (lvanova et al., 2015)
suggests that the relationship between WM and language comprehension might
depend on the type of aphasia. WM seems to exert more influence on language
comprehension abilities of individuals with non-fluent aphasia, suggesting that general
cognitive mechanisms might be underlying their language comprehension deficits
(Ardila, 2010). These suppositions also require further exploration.

Taken together the earlier findings suggest that while complex span and N-back tasks
have been used interchangeably in previous studies of WM in aphasia and similar
conclusions regarding WM capacity have been drawn from them, they may, in fact,
index different underlying processes. Thus, the relationship between these two WM
tasks needs to be explored further, specifically in the aphasia population. The principal
aim of the present study was to directly investigate the relationship between these two
most commonly used WM tasks in aphasia research—an adapted version of a listening
span task and a 2-back task—in a large sample of individuals with different types of
aphasia, and to relate performance on these tasks to measures of language comprehen-
sion. Such a comparison has not been achieved before in a single study with large
numbers of participants receiving both tests. In addition, the large sample allowed us to
explore variations in performance patterns between individuals with non-fluent and
fluent aphasia that could indicate differences in underlying mechanisms of language
comprehension impairment.

In order to make performance on the two tasks comparable, we chose specific
versions of these tasks with maximally similar perceptual processing requirements:
modified listening span tasks with words and an auditory word 2-back task. In
accordance with the literature reviewed earlier, we anticipated little or no relation-
ship between performance on the complex span and N-back tasks, similar to what
has been previously demonstrated in healthy controls (Jaeggi et al., 2010; Kane
et al., 2007) and in individuals with aphasia (DeDe et al., 2014). Such a result would
support the suggestion that the two tasks involve different cognitive mechanisms
(Miyake et al., 2000). In addition, we expected that performance on the complex
span task, but not the N-back task, would be related to a standardised language
comprehension measure, as only performance on complex span tasks has been
consistently related to language abilities (Caspari et al., 1998; Ivanova & Hallowell,
2014; Sung et al, 2009). Finally, based on our previous research in this area
(lvanova et al.,, 2015) we expected that performance on the complex span task
would only be significantly related to language comprehension in individuals with
non-fluent type of aphasia.

Method
Participants

Individuals with aphasia following stroke were recruited at the Center for Speech
Pathology and Neurorehabilitation in Moscow, Russia. All participants were right-
handed and native speakers of Russian. None of the participants had diagnosed
neurodegenerative disorders, epilepsy, other psychiatric disorders, such as depression
(as diagnosed by a certified psychiatrist), or history of alcohol or drug abuse. This
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information was collected from medical health histories. All participants passed vision
and hearing screening prior to administration of experimental tasks. Forty-four
individuals participated in the study (21 male, 23 female; M.qe = 53.39 years,
SD = 9.38, age range: 33-73 years). Participants had education levels ranging from
completing secondary school to a university degree (Myears of education = 13.32,
SD = 2.11, years of education range: 10-15 years). They had various types and
severity of aphasia resulting from single or multiple left-hemisphere strokes involving
perisylvian areas and underlying white matter, the latest being no earlier than 2
months prior to testing (Mpost-onset = 29.43, SD = 27.99 months, post-onset range:
2-111 months).

Each person with aphasia was examined by a speech-language pathologist and a
neuropsychologist of the Center (the second author), and their language deficit was
classified according to Luria’s system (Luria, 1980). Efferent motor aphasia (most
similar to Broca's aphasia) is distinguished by perseverations of syllables and
words, non-fluent, effortful and agrammatic language output accompanied by rela-
tively spared comprehension abilities. Dynamic aphasia (with features of Broca’s
aphasia and possibly Transcortical Motor aphasia) is characterised by disrupted
utterance planning and thus difficulties in producing grammatically correct sentences
and coherent connected speech. Sensory aphasia (corresponds closely to Wernicke's
aphasia) is differentiated by fluent speech with abundant phonological and semantic
paraphasias complemented by pervasive difficulties in phoneme perception and
selection. Acoustic-mnestic aphasia (somewhat analogous to Anomic aphasia) repre-
sents a continuation of sensory aphasia at the word level and is primarily charac-
terised by word retrieval difficulties and reduction of auditory verbal memory. It
should be noted that within Luria’s approach an individual can be classified as
having several types of aphasia simultaneously, for instance, efferent motor aphasia
and dynamic aphasia. While there is no accepted one-to-one correspondence
between Luria’s classification and the western multidimensional approach (see
Akhutina, 2015 for more on this), the general distinction made between individuals
with non-fluent and fluent aphasias is shared and accepted within both approaches
(Ardila, 2010; Ivanova et al., 2015).

For the purposes of this paper, individuals with efferent motor and/or dynamic
aphasia were grouped into a “non-fluent” group, while individuals with sensory and/
or acoustic-mnestic aphasia were included in a “fluent” group. Note that the assign-
ment of the general categories “non-fluent” and “fluent” was not based on the
performance on a single fluency task, but on the qualitative division between two
major aphasia syndromes—non-fluent and fluent—suggested by Benson and Ardila
(1996) and Ardila (2010). Only individuals who were unanimously classified as having
exclusively non-fluent or fluent types of aphasia by both the speech-language
pathologist and the neuropsychologist were included in the respective groups.
Those individuals for whom specific aphasia types could not be unambiguously
determined were classified as having mixed aphasia. Accordingly, aphasia subtypes
were distributed among patients as follows: 27 non-fluent, 13 fluent, 4 mixed.
Aphasia severity, as indexed by the overall score on the Russian standardised aphasia
battery—Assessment of Speech in Aphasia test (ASA; Tsvetkova, Akhutina, & Pylaeva,
1981; see Language assessment section for more information on this test)—ranged
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from mild to moderate (M,phasia severity = 81.33 = 13.61%). There were no significant
differences in age, years of education or overall aphasia severity between individuals
with non-fluent (n = 27; Mage = 53.56 + 8.74 years; Myears of education = 12.96 * 2.26 years;
Maphasia severity = 82.66 = 12.65%) and fluent aphasia (n = 13; Mg = 54 £ 11.6 years;
Myears of education = 13.69 = 1.93 years; Maphasia severity = 76.87 £ 16.5%). Individual
participant data are presented in Appendix.

Language assessment

As mentioned earlier, all participants were administered the ASA test (Tsvetkova et al.,
1981). This is a traditional Russian language battery for aphasia that includes production
and comprehension subtests and a rating of conversational speech (see Ivanova et al.
(2015) for a detailed description of the test). The overall score on the test in clinical
practice is routinely used as a measure for aphasia severity and not for purposes of
classification. The comprehension subtest examines single-word auditory comprehen-
sion (matching single nouns (njtems = 30) and verbs (Ni.ems = 30) to pictures), sentence
comprehension (matching sentences of varying complexity to pictures (Njems = 15)),
following commands (performing manipulations with objects following oral instructions
(Nitems = 10)) and question comprehension in a dialogue (understanding a series of basic
everyday questions (Nj.ems = 10)). For each subtest a maximum score of 30 can be given.
The different comprehension tasks included within the comprehension subtest of the
ASA test were designed to be considered in combination. In the current study, the
comprehension subtest average score was thus used as the dependent variable for
language comprehension. Interested readers can find scores on individual comprehen-
sion tasks for each participant in Appendix.

Working memory assessment

Modified listening span (MLS) task

This is a simplified version of the complex span task adapted specifically for individuals
with aphasia. In this task, participants have to listen to spoken sentences and match
them to the target picture in an array of four pictures and simultaneously remember a
word presented aurally for subsequent recognition. The theoretical and methodological
rationale for this task and its features are described in more detail in our previous
publication (see Ivanova & Hallowell, 2014). In the current study, we used a Russian
version of the task that is different from the original English version in that: (a) only the
condition with short and simple sentences was used, as the initial study verified its
sufficient difficulty for individuals with aphasia to engage in effortful processing and yet
maintain an acceptable level of performance on the processing component of the task;
(b) high-frequency disyllabic words were used for to-be-remembered items as there is a
shortage of high-frequency monosyllabic words in Russian; (c) three sets instead of one
for each set-size were presented to participants to increase reliability of assessment. As
in the original version, sets ranging in size from two to six items were presented to
participants in ascending order. At the end of each set participants had to recall the to-
be-remembered words by pointing to matching pictures amongst distractors in a visual
array. This format of the processing and recall components minimised the influence of
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Figure 1. Example of a set from the modified listening span task (set size three). All words for
recognition are disyllabic in Russian.
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expressive language and motor speech deficits on performance. See Figure 1 for an
example of a set from the Russian version of the MLS task. Performance on the task was
scored based on a partial credit unit scoring scheme of the recall component (Conway
et al., 2005). Storage items (separately presented words) were scored as a proportion of
correctly recognised elements per set; for the final MLS score a mean of these propor-
tions was calculated. Thus, in calculating the MLS score, only performance on the recall
component of the task was taken into account.

2-back task

In this task, participants were aurally presented with a continuous string of words and
were instructed to judge whether a word matched a previous one they had heard 2
items before. The 2-back task contained 20 different stimuli consisting of high-frequency
disyllabic concrete words similar but not identical to the words used for to-be-remem-
bered items in the MLS task. The auditory presentation of stimuli and the use of words
with comparable psycholinguistic characteristics allowed us to make the perceptual
processing requirements between the two WM tasks considerably similar. Altogether,
150 items containing 36 targets (24%) were presented. Items were presented in 3 blocks
of 50 items each with an interstimulus interval of 2 seconds. The participants responded
with their non-dominant hand by pressing the spacebar on a keyboard to indicate that
the current item was the same as the one presented two stimuli before. The percentage
of targets and the length of the task were selected to be similar to existing tasks in the
literature (Christensen & Wright, 2010; Mayer & Murray, 2012; Wright et al., 2007).
Performance on the task was indexed via d' (d-prime), as it does not depend on a
person-specific response criterion (Christensen & Wright, 2010; Lachman, Lachman, &
Butterfield, 1979). D' is computed by subtracting the Z-scored false positive rate from
the Z-scored hit rate.

Individual scores for both WM tasks are presented in Appendix.

Results

Descriptive statistics of WM measures for the aphasia group overall, as well as non-
fluent, fluent and mixed subgroups are presented in Table 1. To provide an indication of
overall accuracy of performance on the 2-back task, descriptive statistics for hit rate and
false positive rate are also provided in Table 1.
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Table 2. Correlations between working memory and language variables.
Spearman correlation

Individuals with different types of aphasia (n = 44)

® MLS with 2-back A44%* (p = .003)
%% -

® MLS with ASA comprehension A39*% (p = .003)

® 2-back with ASA comprehension 216 (p = .159)

Individuals with non-fluent aphasia (n = 27)

® MLS with 2-back .458:*(17 =.016)

® MLS with ASA comprehension 625%* (p < .001)

® 2-back with ASA comprehension 151 (p = 454)

Individuals with fluent aphasia (n = 13)

® MLS with 2-back .569% (p = .042)

® MLS with ASA comprehension 270 (p = 373)

® 2-back with ASA comprehension 192 (p = .529)

*p < .05 **p < .01

As the WM and language scores overall and within each subtype (non-fluent and
fluent) of aphasia were not distributed normally due to negatively skewed distribution of
scores, non-parametric tests were used. Spearman correlations between different WM
and language variables are presented in Table 2. As somewhat expected, only a
moderate correlation was observed between the two WM tasks for the aphasia group
overall and within the non-fluent and fluent subgroups. There were too few participants
with “mixed” aphasia to perform separate analyses within this group. Furthermore, each
WM task related differently to language processing, with MLS showing a significant
relationship to language comprehension abilities and the 2-back showing no significant
relationship.

We also compared the pattern of performance of individuals with different general
types of aphasia. Individuals with fluent aphasia performed slightly worse on language
comprehension measures compared to individuals with non-fluent aphasia (Z = 2.02,
p = .043). There were no significant differences between groups on either of the WM
tasks (MLS: Z = 0.14, p = .885; 2-back: Z = 1.06, p = .291). However, when we investigated
the relationship between language comprehension and WM in fluent and non-fluent
aphasia, a different pattern of performance was observed for the two groups (see also
Table 2), with the MLS being related to language comprehension only in the non-fluent
group. Performance on the 2-back task was not related to language comprehension
scores for either of the groups.

Discussion

The present study aimed to investigate the relationship between performance on two
routine WM tasks: a modified version of a complex span task and an N-back task—in
individuals with various types of aphasia. Previous studies have yielded conflicting
results as to whether these tasks index similar underlying cognitive processes, with
the majority of studies of healthy controls showing a minimal relationship between
the two tasks (Jaeggi et al., 2010; Kane et al., 2007). However, despite lack of evidence
for their similarity, the two tasks have been used interchangeably in aphasia research
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and the relationship between them has never before been directly explored in indivi-
duals with aphasia.

Our investigation of the relationship between the MLS and 2-back tasks when
performed by individuals with aphasia demonstrated that the two tasks were moder-
ately related. Further, the relationship between these two tasks remained significant
within two different subtypes of aphasia: fluent and non-fluent. While significant, the
observed association accounted for only 20-32% variance, suggesting that the two tasks
largely target different underlying processes. Tasks that index the same underlying
cognitive abilities are predicted to share substantially more common variance. This is
consistent with the cognitive literature on executive functions that states that these
tasks target different components or submechanisms of executive abilities. Complex
span tasks involve rehearsal, shifting flexibly between tasks or mental sets, while N-back
tasks primarily rely on updating, that is rapid addition/deletion of WM contents (Conway
et al., 2005; Miyake & Friedman, 2012). Previous research investigating these aspects of
executive functions indicates that the processes of shifting and updating, while moder-
ately related, are clearly separable (Miyake et al, 2000). Another perspective on the
construct of WM is that only tasks that require both active maintenance of presented
materials and controlled cue-dependent search of memory when maintenance becomes
impeded are indicative of WM abilities (Unsworth & Engle, 2007). Indeed, complex span
tasks engage these processes to a greater extent compared to N-back tasks that rely
primarily on recognition mechanisms. In addition, the two tasks target distinctive
cognitive processes according to Cowan’s embedded processes WM model (Cowan,
1999), with N-back involving only retrieval from the central focus of attention and
complex span depending on processing of items in both the focus of attention and
activated long-term memory.

Still, it should be acknowledged that in our study the two tasks were not completely
unrelated to each other. This is possibly because in the current modification of the
complex span task the recall component was changed to a recognition task to accom-
modate potential motor speech deficits of individuals with aphasia. Yet, a traditional
complex span task necessitates recall, when participants depend only on their own cues
to retrieve items from temporary storage, while N-back tasks principally require recogni-
tion to discern items from foils. Additionally, previous studies in healthy controls
employed a letter N-back task (Jaeggi et al., 2010; Kane et al.,, 2007). It is plausible to
assume that a visual letter N-back task possess somewhat different processing require-
ments compared to the auditory word N-back task used in this study to maximise
perceptual similarity to the complex span task. Thus, the partial overlap in task demands
in the current study may have led to the observed moderate relationship in performance
on the two tasks purportedly taxing different aspects of WM. Here we would like to
address the issue of generalisability of our results to other versions of these WM tasks.
Mayer and Murray (2012) previously demonstrated that performance accuracy on verbal
and nonverbal modifications of 2-back tasks in a small sample of individuals with
aphasia were highly inter-correlated. Thus, we hypothesise that while visual and non-
verbal versions of N-back tasks might show a slightly weaker relationship to verbal
complex span tasks due to differing perceptual processing requirements, the overall
pattern of results and correspondence to language measures for various types of N-back
tasks will be similar. As for generalisation of findings to other types of complex span
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tasks, it is also reasonable to expect that similar patterns will hold for other verbal, and
potentially even nonverbal, modifications of complex span tasks. Previous studies of
young healthy controls demonstrated large and significant intercorrelations between
various types of verbal and nonverbal complex span tasks (Engle, Tuholski, Laughlin, &
Conway, 1999; Kane et al., 2004). Indeed, these suppositions require further exploration
and experimental validation. Future investigation will need to determine to what extent
patterns observed in individuals without neurological and cognitive impairments hold
for the aphasia population.

Additionally, the observed relationship between the two tasks, that supposedly index
different aspects of WM or executive abilities, might be due to the fact that brain injury
rarely affects only one cognitive system. It is very probable that neural networks
supporting various aspects of executive functions are damaged synchronously, particu-
larly in cases of middle cerebral artery stroke. This is especially plausible given that
functional neuroimaging studies do show overlapping regions of activation during
execution of complex span and N-back tasks (Chatham et al., 2011; Chein et al., 2011;
Owen, McMillan, Laird, & Bullmore, 2005; Rottschy et al., 2012). So while in healthy
controls the two processes of cue-dependent search and recognition (or switching
versus updating) can and do dissociate, in persons with brain injuries these processes
(while still separable) can often be damaged concurrently, leading to a detectable
relationship between tasks that index these submechanisms. Future lesion studies will
help to further clarify the neural underpinnings of the cognitive processes involved in
execution of these tasks.

However, what further points to the conceptual differences in the two tasks is their
strikingly different relationship to language comprehension. The complex span task was
moderately related to a standardised language comprehension measure, while the
N-back task was completely unrelated. These findings are in line with prior research,
as earlier studies in aphasia also consistently failed to demonstrate a significant relation-
ship between performance on N-back tasks and measures of language comprehension
(Christensen & Wright, 2010; Wright et al., 2007), while with various adapted and
simplified versions of the complex span task, this relationship was consistently demon-
strated (Caspari et al, 1998; Ivanova & Hallowell, 2014; Sung et al., 2009). Possibly
performance on the MLS task was related to language processing because of its more
complex cognitive nature compared to N-back tasks and because the submechanism of
shifting in combination with verbal rehearsal is more critical for language comprehen-
sion than updating verbal information. If the current findings are considered within
Cowan’s embedded processes model (Cowan, 1999), then performance on the N-back
task requires constant updating of the capacity-limited focus of attention, while success-
ful execution of a complex span task also necessitates retrieval of items from activated
long-term memory that are susceptible to interference and temporal decay. It is evident
that language comprehension also engages both levels of the system: focus of attention
and activated memory. Thus, complex span tasks capture a wider range of cognitive
mechanisms relevant for language processing.

In the current study, the MLS task performance was moderately related to language
comprehension in the overall sample and strongly related in the group of non-fluent
aphasia, while for individuals with fluent aphasia this relationship was not significant.
The differential relationship between this task and language comprehension measures
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for individuals with non-fluent versus fluent aphasia mirrors our earlier findings in a
different sample of individuals with aphasia and with a slightly different WM task
(Ivanova et al., 2015). As we have argued in our previous work, this distinct pattern of
performance in fluent and non-fluent aphasia, especially given comparable severity, is
intriguing. We hypothesise that it points to different underlying mechanisms of impair-
ment (Akhutina, 2015; Ardila, 2010). In non-fluent aphasia, potential cognitive limitations
underlie their language difficulties in sequencing linguistic elements, leading to stronger
relationships between cognitive tasks and language, while in fluent aphasia perhaps
fundamental lexical-semantic language impairment leads to difficulties in performance
of even basic language-mediated cognitive tasks. In other words, word level compre-
hension deficits may transcend the cognitive impairments that individuals with fluent
aphasia are experiencing. While the smaller sample size of the fluent group could
potentially account for the lack of a significant relationship in this group, we did have
.78 power to detect a relationship of similar magnitude to the one detected in the non-
fluent group.

One common criticism of listening span tasks is that they overlap in their processing
requirements much more closely with the auditory comprehension measures (i.e., both
involve listening to sentences and pointing to a pictures) than N-back measures (Wright
& Fergadiotis, 2012). This leads to speculation that the observed relationship between
listening span and the comprehension measure reflects language demands of both
tasks, rather than WM per se (MacDonald & Christiansen, 2002). We believe this is not
the case in the present study for the following reasons. First, in calculating the MLS
storage score, only performance on the recall component of the task was taken into
account (i.e., accuracy of matching sentences to pictures did not contribute to the final
score) and still a significant relationship with language measures was observed. Second,
if the similarity between tasks rather than common cognitive mechanisms is behind the
relationship, than a similar pattern should have been observed for all types of aphasia.
However, we did not observe a relationship between recall performance on the MLS task
and language comprehension in individuals with fluent aphasia. Taken together this
leads us to conclude that the MLS task is not simply another language task, but a
cognitively demanding task that taps into specific WM mechanisms that are critical for
successful language comprehension (see also Just & Varma, 2002 for conceptual argu-
ments in favour of this position).

The present study demonstrated that although N-back tasks seem similar to tradi-
tional complex span measures and also index abilities related to executive functions,
they tap into different underlying cognitive faculties. This was demonstrated through a
merely moderate intercorrelation and a differential relationship to language comprehen-
sion; performance on the MLS task provided a much stronger predictor of auditory
language comprehension than the 2-back task. From an important practical standpoint,
this means that these tasks are not interchangeable as measures of WM, as the tasks
seem to tap into different aspects of this process. Other authors have raised concerns
with the construct validity of N-back tasks and their unstable psychometric properties
(DeDe et al.,, 2014; Jaeggi et al., 2010). Thus, we advise that the two tasks—adapted
versions of the complex span and N-back tasks—should not be used interchangeably in
aphasia research or clinical practice, as findings with these different WM tasks were not
the same and cannot be generalised without further inquiry into their underlying
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differences and potential commonalities. Similarly, findings with other WM tasks, such as
forward and backward span, that are more commonly used in clinical practice, should be
carefully evaluated and probed for concurrent validity, prior to broadly interpreting
results obtained with them as suggestive of WM limitations. In all, the current study
highlights the importance of carefully considering task demands and existing empirical
evidence supporting validity of a chosen task when assessing cognitive abilities of
individuals with aphasia.
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