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Abstract

Background—Working memory (WM) limitations have been suggested as a significant source
of the linguistic processing deficits observed in individuals with aphasia (IWA). Digits forward
(DF) and digits backward (DB) span tasks are frequently used to study WM in both healthy and
clinical populations. Unfortunately, only a handful of studies have explored digit span in IWA.

Aims—The purpose of the current study is to measure the DF and DB spans of IWA and compare
their digit spans to a group with right brain damage, but no aphasia (RBD). Additionally, DF and
DB span is compared within each group to determine if there is indeed a performance differential
that may support the idea that DB is a more difficult WM task in these populations.

Methods and Procedures—Seventeen IWA and 14 individuals with RBD participated in a DF
and DB span task. Madifications to the span tasks were implemented to accommodate language
deficits. A series of two digits were orally presented to each participant continuing to a maximum
of eight digits. There were seven trials per digit series. Participants were asked to point to the
correct order of digits on a written 1-9 digit list provided on individual note cards or verbally
repeat the numbers if the participant was able to do so.

Outcomes and Results—IWA demonstrated shorter digit spans than the RBD group. Both
groups performed worse on the DB span tasks than the DF span tasks.

Conclusions—The results are consistent with previous studies suggesting that DB span is
shorter than DF span in other populations and that there are differences in performance on digit
span tasks between the two groups. The differences between RBD group and IWA may be
explained by decreased attentional capacity or inefficient resource allocation in IWA, or
alternatively, a deficient phonological loop. Future studies should explore these possibilities.

Many have argued that working memory (WM) is critical for the processing of language
(Caspari, Parkinson, LaPointe, & Katz, 1998; Friedmann & Gvion, 2003; Wright, Newhoff,
Downey & Austermann, 2003). Indeed, a number of studies have linked measures of verbal
WM with expressive language skills and sentence comprehension skills in individuals with
aphasia (IWA; e.g., Caspari et al., 1998; Tompkins, Bloise, Timko, & Baumgaertner, 1994;
Heilman, Scholes, & Watson, 1976; Rothi & Hutchinson, 1981), as well as discourse
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production in individuals with right brain damage (RBD; Beeman, 1998; Brownell &
Martino, 1998) and comprehension in RBD (Blake 2009a, 2009b; Lehman-Blake &
Tompkins, 2001; Tompkins, Baumgaertner, Lehman, & Fasshinder, 2000; Tompkins et al.,
1994; Tompkins, Lehman-Blake, Baumgaertner, & Fassbinder, 2001; Tompkins et al., 2002;
Tompkins, Meigh, Scott, & Lederer, 2009; Tompkins, Scharp, Meigh, & Fassbinder,
2008c). Working memory limitations have been suggested as a significant source of deficits
in linguistic processing observed in IWA (Caspari, Parkinson, LaPointe, & Katz, 1998;
Conner, MacKay, & White, 2000; Dick et al., 2001; Friedmann & Gvion, 2003; Martin,
2000; Murray, 2004; Wright, Newhoff, Downey, & Austermann, 2003; Yasuda &
Nakamura, 2000), and RBD (Lehman & Tompkins, 1998; Tompkins et al., 1994). The idea
that WM skills and language impairments are related emerged from the development of
several models describing the relation between WM and language (Baddeley, 1986; Caplan
& Waters, 1999; Just & Carpenter, 1992).

Typical descriptions of WM include components of temporary storage and manipulation
utilized for cognitive processes such as language (Baddeley, 2003). Baddeley (1986)
suggested a single resource model with a multicomponent makeup that works to store and
manipulate information. The single resource model theory refers to the idea that a single or
central processor is responsible for all language processing. Essential to this model is the
idea of a phonological loop and visuospatial sketchpad, which are slave systems to the
limited capacity attentional control system called the central executive. Alternatively,
Caplan and Waters (1999) offered a dual resource model that focuses on a limited resource
pool for either automatic tasks or more conscious processing of language. Relatedly, Just
and Carpenter (1992) proposed that a limited capacity variation in working memory leads to
comprehension discrepancies and individual differences. Although there are differences in
each model, each commits to the idea of simultaneous processing and manipulating
language for the definition of working memory (Wright & Shisler, 2005). For the purposes
of this paper, WM is defined as a process that uses a central executive as an attentional
control system to briefly store and manipulate information in the phonological loop and
visuospatial sketchpad (Baddeley, 1996; Baddeley, 2000).

Past research has suggested that the right hemisphere is important for only spatial WM and
the left hemisphere is dominant for verbal WM (Jonides et al., 1993; Smith, Jonides &
Koeppe, 1996; Paulesu, Frith, & Frackowiak, 1993; Kapur et al., 1994). However, more
recent evidence from brain imaging and behavioral studies suggests that both the right and
left hemispheres are involved in verbal WM skills (D’Esposito et al., 1998; Philipose, Alphs,
Prabhakaran, & Hillis, 2007; Prabhakaran, Narayanan, Zhao, Gabrieli, 2000; Rypma &
D’Esposito, 2000). Individuals with RBD have demonstrated decreased verbal working
memory when compared to neurologically intact controls (Tompkins et al., 1994; Tompkins,
Lehman, & Baumgaertner, 1999; Tompkins et al., 2008b; Tompkins et al., 2008c), which
appears to be related to discourse-level linguistic performance for this population. For
example, in RBD, WM appears to be related to discourse comprehension (Tompkins et al.,
1999; Tompkins et al., 2000; Tompkins et al., 2009), inferencing related tasks (Lehman-
Blake & Tompkins, 2001; Blake, 2009b; Tompkins et al., 1999), reaction times in lexical
decision tasks (Tompkins et al., 2008a), and may even be used to predict performance on
tasks that require increased information processing (Tompkins et al., 1994). Research
regarding the role of the two hemispheres in WM and the association of WM deficits and
linguistic processing deficits in the two hemispheres reveals a need for further inquiry into
WM skills in IWA and RBD patients. Therefore, the current study explores digit span, a
common index of WM, in IWA and individuals with RBD in an effort to further understand
the relation between WM and language performance in these two populations.
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Digits forward (DF) and digits backward (DB) span tasks are a mainstay in psychological
assessment and are used to study working memory (WM) in both healthy and clinical
populations (Wilde, Strauss, & Tulsky, 2004). These tasks require participants to orally
repeat a sequence from 3 to 9 digits in the DF span task and 2 to 8 digits in the DB span
task. When the participant fails two consecutive trials the task is discontinued. The span is
calculated as the maximum number of digits repeated by the participant. It is presumed that
DB span is typically shorter than DF span in adults due to the greater demand on WM skills
(The Psychological Corporation, 2002; Wilde et al., 2004). Digits forward has been
characterized as a simple span test, and is thought to measure the storage and maintenance
components of WM by deemphasizing the manipulation of the material. Digits backward is
thought to be a more complex span task which relies more heavily on WM processing
because it requires information storage as well as concurrent processing essential to
mentally reordering the information (Black & Strub, 1978; The Psychological Corporation,
2002; Wilde et al., 2004). Digit span tasks activate the phonological loop (verbal memory),
the sketchpad if information is visualized (Philipose, Alphs, Prabhakaran, & Hillis, 2007),
and the central executive depending on the amount of manipulation necessary (Baddeley,
2000; Baddeley & Hitch, 1976; Ostrosky-Solis & Lozano, 2006).

With verbal WM components possibly found in both left and right hemispheres, it becomes
important to determine how lesions might influence performance on digit span measures.
Over the years a handful of studies have investigated the effect left brain damage (LBD) and
RBD has on digit span as a way to determine brain-behavior relations. Overall, the studies
have yielded mixed results. Black (1986) found that patients with RBD perform similarly to
neurologically intact (NI) controls on DF span tasks, but LBD patients demonstrated a
shorter DF span than both groups. Similar results were observed for DB span in that the
LBD group demonstrated a shorter digit span than the RBD group. In contrast, Heilbronner,
Henry, Buck, Adams, and Fogale (1991) and Philipose et al. (2007) did not find a difference
in DF or DB span between RBD and LBD groups. Similarly, Black and Strub (1978) found
digit span tasks did not discriminate between right and left hemisphere brain damage.
Therefore, it is unclear whether individuals with LBD or RBD perform differentially on DF
and DB span tasks between groups or whether there is differential performance on DF and
DB span tasks within the groups (Black & Strub, 1978; Costa 1975; McFie, 1969;
Newcombe, 1969; Weinberg, Diller, Gerstmann, & Schulman, 1972). Additionally, while
Black (1986) did include IWA, he did not separate the results for IWA from individuals with
LBD and no aphasia. Eight percent of the LBD participants in the Black and Strub (1978)
study were diagnosed with aphasia while the studies by Heilbronner et al. (1991) and
Philipose et al. (2007) did not report whether IWA were included in their participant sample.
The type of participants (i.e., LBD with or without aphasia, the aphasia profile; lesion size
and location of RBD participants, e.g., see Philipose et al., 2007) included in these studies
could contribute to the inconsistent results.

In addition to the previous research examining the relation between digit span and brain
damage, several studies have explored DF span specifically in IWA. Ronnberg et al. (1996)
and Ween et al. (1996) found that IWA have significantly shorter digit spans than NI
counterparts, based on an average of one digit difference (Ronnenberg et al., 1996; Ween,
Verfaellie, & Alexander, 1996). Ronnberg et al. (1996) studied nine IWA (mild) resulting
from subarachnoid hemorrhage (SAH) along with two control groups. One control group
consisted of individuals with SAH, but no aphasia while the others consisted of age-matched
NI individuals. Requiring recall of digits (not recognition), they found significant
differences on DF spans for IWA (M = 4.78 digits) as compared to the NI group (M = 5.89
digits), but no significant difference for IWA compared to the SAH group (M = 5.67 digits).
In addition, they also observed deficits on other WM measures that IWA completed in their
assessment battery and concluded that the deficits could be due to an inefficient central
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executive. Similarly, Ween et al. (1996) used digit span with standard recall as the modality.
They studied 16 IWA from various etiologies as well as 16 NI controls and similarly found
shorter DF spans for IWA and concluded IWA have significant memory deficits.

As part of a larger study investigating sentence comprehension and WM, Friedmann and
Gvion (2003) found that during a recognition digit span task participants with conduction
aphasia demonstrated an average DF span of 3.2 and the agrammatic group had a DF span of
2.6. Both groups had a much shorter DF span than the healthy control group (M = 7.25
digits). Overall, it appears that DF span is shorter in IWA than healthy controls, which
provides some information about WM in the IWA population. Finally, a 2003 study by Pluth
and colleagues administered visual memory span (VMS) tasks and digit span tasks (DF and
DB) to IWA. The results revealed that VMS was longer than DF and DB, and performance
on DB was correlated with the degree of language loss (Pluth, Bogdanova, White, Lundgren,
& Albert, 2003). This study, however, did not compare digit span performance between
IWA and RBD. Therefore, the extent that DS is related to aphasia as a result of left brain
damage remains unknown. Given the belief that DB tasks are more demanding of WM
skills, exploration of DB span may provide a greater understanding of WM skills specific to
IWA.

The purpose of the current study is to measure the DF and DB span of IWA and compare
their digit spans to a group with RBD, but no aphasia. RBD was chosen as a comparison
group in order to effectively isolate linguistically-based language disorders characteristic of
aphasia as much as possible. This comparison of RBD and IWA is important due to the
conflicting reports of digit span between LBD and RBD individuals, and the regularity with
which digit span tasks are clinically administered to stroke populations. Additionally, DF
and DB span is compared within each group to determine if there is indeed a performance
differential that may support the idea that DB is a more difficult WM task. It is predicted
that IWA will demonstrate a shorter DF and DB span than the RBD group given the
suggested association between diminished WM and decreased language processing (Caspari
et al., 1998; Miyake, Carpenter, & Just, 1994; Murray, 2004). As mentioned earlier, some
research has suggested that individuals with RBD demonstrate decreased verbal WM and
decreases in discourse-level abilities (Blake, 2009b; Lehman-Blake & Tompkins, 2001;
Tompkins et al., 1994; Tompkins et al., 1999; Tompkins et al., 2000; Tompkins et al., 2008a
Tompkins et al., 2008b, Tompkins et al., 2008c; Tompkins et al., 2009). While individuals
with RBD may have compromised communication, the extent and type of the linguistic
impairments differ from those with left brain damage and aphasia (Archibald & Wepman,
1968; Deal, Deal, Wertz, Kitselman, & Dwyer, 1979; Eisenson, 1962, Myers & Lehman
Blake, 2008). Due to the findings in previous research regarding both right and left
hemisphere involvement in verbal WM (D’Esposito et al., 1998; Prabhakaran, Narayanan,
Zhao, & Gabrieli, 2000; Rypma & D’Esposito, 2000), and that executive functioning is
necessary for WM tasks and relies on activity and interactions between multiple regions of
the brain (for review, see Collette & Van der Linden, 2001), it is also predicted that both
groups will demonstrate a much shorter DB span than DF span given the increased WM
demands required to manipulate information active in the phonological loop and processed
in the central executive.

Post-stroke patients were recruited through speech-language pathology departments in
hospitals located in a large urban area in the Southeastern United States. Participants were
paid for their involvement. A total of 36 individuals (22 IWA; 14 individuals with RBD)
between 40 and 74 years of age were recruited to participate in this study. Five IWA were
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excluded from the study due to their inability to give any response during the experimental
task (WAB AQ’s of the excluded participants were 7.9, 14.15, 15, 27.2, and 35.8). Clinical
data for IWA and the RBD groups are listed in Tables 1 and 2. Mean age was 53.14 years
(SD =7.93) for IWA and 61.21 years (SD = 8.85) for the RBD group. A significant group
difference for age was found [t (29) = —2.68, p < .05]. The IWA group ages ranged from 40—
66 years and the RBD group ages ranged from 43-74 years. Mean recovery time from the
stroke was 1.89 months for the IWA and 2.28 months for the RBD group. No significant
difference between the groups was found for months post-onset [t(29) = 1.51, p > .05].
Mean years of education was 14 (SD = 2.69) for IWA and 13 (SD = 3.55) for the RBD
group. No significant difference between the groups was found for years of education [t(29)
=.25, p > .05]. All participants had a premorbid history of normal speech and language as
determined by self/family report. Participants all passed a hearing screening at 45 dB
bilaterally at 500, 2K, and 4K Hz unaided.

The participants with aphasia ranged from mild to severe aphasia according to the Western
Aphasia Battery (WAB; Kertesz, 1982). Average WAB Aphasia Quotient (WAB AQ) for the
IWA was 65.67 (SD = 27.2). Participants in the RBD group ranged in severity from mild to
moderate-severe right brain deficits. The average stanine score for the Mini-Inventory for
Right Brain Injury-2 (MIRBI-2; Pimental & Knight, 2000) for the RBD group was 5.71(SD
= 1.23). Stanine scores for MIRBI-2 can range from 1-9. The current group demonstrate a
rather narrow range of stanine scores from 4-7.

As part of a larger study investigating the relation between salivary cortisol and language
and memory recovery following stroke, all participants completed a DF span task followed
by a DB digit span task described below. The IWA group was administered the WAB during
the same session as the experimental task. The RBD group was given the MIRBI-2 during
the same session as the experimental task. Modifications to the span tasks, such as altering
the response modality to include either verbal or gestural responses, were implemented to
accommodate language deficits. Such modifications have been conducted in previous
studies (Friedmann & Gvion, 2003; Sakurai et al., 1998). Participants from both groups were
provided this modification.

Digits forward

The DF span task was modeled after Friedmann and Gvion (2003). The task begins with a
series of two digits orally presented to each participant continuing to a maximum of eight
digits. There were seven trials per digit series. Participants were asked to point to the correct
order of digits on a written 1-9 digit list provided on individual note cards (one number per
note card) or verbally repeat the numbers if the participant was able to do so. Note cards
were placed on the table in front of all participants; however, the response mode was
selected by the participant. Span was defined as the maximum level at which 3 trials out of 7
were accurate. An additional half point was given if 2 trials out of 7 were accurate. The task
was discontinued when only 2 trials out of 7 were accurate. Digits were presented at 1 per
second. The examiner provided one repetition of a trial if requested by the participant.

Digits backward

The DB task followed the same procedure as described with the DF task. The same digit
sequences used during the DF task were used for this task. All sequences were orally
presented to the participant. The participant then verbally repeated the numbers or pointed to
the numbers written on individual note cards in reverse order. A criterion for maximum level
of DB was the same as for DF.
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See Figure 1 for average DF and DB span for each group. A multivariate analysis of
variance (MANOVA) was used to analyze between group effects and two-tailed paired
samples t- tests with alpha set at .05 were conducted to explore differences within groups
and tasks. A significant group effect was found for the DF span, F(1, 29) = 7.05, p = .01, r2
= .2, and the DB span, F(1, 29) = 5.31, p = .03, r2 = .16. The IWA group performance was
significantly lower on the DF span (M = 4.38, SD = 1.96) than the RBD group (M = 5.96,
SD = 1.17). Similarly, the IWA group performance was significantly lower on the DB span
(M =2.03, SD = 1.39) than the RBD group (M = 3.43, SD = 1.99). Analysis of within group
performance between tasks revealed both groups had significantly decreased performance
on the DB span than the DF span [IWA, t(16) = 5.47, p =.00; RBD, t(13) = 5.23, p =.00].

To determine whether severity of deficits and digit span were related, a post-hoc correlation
analysis was performed. Pearson’s r correlation coefficient revealed DF and DB span were
strongly correlated with severity in the IWA group as measured by WAB AQ (forward, r =.
62, p = .01; backward, r = .66, p =.00). A strong correlation between MIRBI-2 and DB span
was found (r = .61, p = .03), but no correlation was found between MIRBI scores and DF
span (r = —.05, p = .88).

Discussion

Working memory in IWA was studied by comparing performance on DF and DB span tasks.
Similar to some of the findings in the literature (e.g., Black, 1986), IWA demonstrated
decreased performance on DB (i.e., a shorter span) in comparison to DF. In addition,
performance on these two tasks was compared between IWA and a RBD group without
aphasia. IWA also presented with a shorter DF and DB span in comparison to RBD
participants. This finding is consistent with previous work indicating that digit span tasks are
more affected in LBD than RBD (Black, 1986). Performance for DF in IWA was also
similar to Ronnberg et al.’s (1996) findings. However, the results do conflict with other
reports suggesting there is no difference between LBD and RBD digit span (Black & Strub,
1978; Heilbronner et al., 1991, Philipose et al., 2007). The present study included only IWA
in the LBD group, whereas, the other studies did not specify presence of aphasia in their
LBD participants (Heilbronner et al., 1991; Philipose et al., 2007) or included only a few
IWA in their participant samples (Black, 1986; Black & Strub, 1978).

It could be argued that language impairments for IWA may be due to deficits in the
phonological loop and therefore observed as shortened DF and DB span. In fact, past
research has demonstrated that IWA have phonological loop deficits (Heilman, Scholes &
Watson, 1976; Martin, 1987; Rothi & Hutchinson, 1981) and that phonological loop deficits
are related to comprehension deficits in IWA (Caramazza, Basili, Koller & Berndt, 1981;
Ostrin & Schwartz, 1986; Saffran & Martin, 1975; Vallar & Baddeley, 1984). The
phonological loop is a prime component of the WM system. If an IWA has decreased WM
due to a deficient phonological loop, this could influence language learning and performance
(Baddeley, 2003; Murray, 2004). This would suggest that WM deficits (which are
potentially deficiencies in the phonological loop) contribute to the linguistic deficits
observed in IWA. Yet, it is unclear from this study alone whether it is indeed a deficient
phonological loop or rather another possibility. Other authors may argue that language
impairments could result from capacity limitations of the central executive (eg., Beeson,
Bayles, Rubens, & Kaszniak,1993) and/or inefficient resource allocation (Murray et al,
1997; Tseng, McNeil, & Milenkovic, 1993). Again, further study of the components of WM
in IWA would be necessary to answer this particular question.
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Subsequent studies could include a LBD control group with no aphasia to make firmer
conclusions about the interaction of brain damage, language and digit span performance.
Some would argue that the inability to replicate previous findings could be due the
individual differences in WM (Engle, Kane, & Tuholski, 1999; Turner & Engle, 1989) and
could account for the differences seen in IWA. Future research could compare DS with other
measures of WM (especially those with linguistic components) that have been used in the
past (Caspari et al., 1998; Tompkins et al., 1994). This comparison becomes increasingly
important since studies have found a correlation with WM scores and language abilities
(Caspari et al., 1998; Conner et al., 2000; Dick et al., 2001; Friedmann & Gvion, 2003;
Martin, 2000; Murray, 2004; Wright et al., 2003).

Furthermore, both groups demonstrated a shorter DB than DF span, consistent with digit
span performance in healthy populations. According to a standardization sample from the
Wechsler Memory Scales - 111 (The Psychological Corporation, 2002) average digit spans
(DF, DB) for healthy adults are as follows: 6.57, 4.79 (45-54 years); 6.35, 4.55 (55-64
years); 6.28, 4.48 (65-69); and, 6.14, 4.4 (70-74 years). Participants included in the current
study fall within the previous age ranges (IWA group M = 53.14 years; RBD group M =
61.21 years). A shorter DB span within both clinical groups included in the current study is
consistent with the idea that DB is a more challenging task and may demand more WM
capacity, and therefore, taps into the central executive (Rypma, Prabhakaran, Desmond,
Glover, & Gabrieli, 1999). However, this does not explain why IWA demonstrate a shorter
DB span than RBD individuals. One possibility is that IWA may be exhibiting decreased
performance on DB relative to those with RBD due to the above-mentioned deficits in the
phonological loop or potential capacity limitations of the central executive (Beeson et al.,
1993). An alternative explanation may be made regarding resource allocation deficits to
explain the performance of IWA in the current study. The inability to allocate sufficient
resources to a task will result in decreased performance (Kahneman, 1973; Murray, 2004;
Norman & Shallice, 1986) and it has been found that IWA have decreased resource
allocation (McNeil, Odell, & Tseng, 1991; Murray, Holland, & Beeson, 1997; Slansky &
McNeil, 1997). With previous literature demonstrating decreased resource allocation for
IWA (Murray et al, 1997; Tseng, McNeil, & Milenkovic, 1993) as well as decreased WM
capacity for both RBD and IWA (Capsari et al., 1998; Tompkins et al., 1994; Tompkins,
Lehman, & Baumgaertner, 1999; Tompkins et al., 2008b; Tompkins et al., 2008c; Wright et
al., 2003), it is interesting that DB span is shorter in IWA than the RBD group. It could be
argued that IWA have greater resource allocation deficits than individuals with RBD
(Murray, 2000). Alternatively, although individuals with RBD demonstrate limitations in the
central executive (Mecklinger, von Cramon, Springer, & Matthes-von Cramon, 1999), they
may not have similar deficits in the phonological loop (Gainotti, Cappa, Perri, & Silveri,
1994; Hanley, Young, & Pearson, 1991).

Additionally, it is understood that healthy aging negatively affects both DF and DB span
(Hester, Kinsella, & Ong, 2004; Myerson, Emery, White & Hale, 2003; Wilde et al., 2004)
with some indication that DB span is affected more by age than is DF (Babcock &
Salthouse, 1990; Lezak, 1995). In the current study the IWA were younger than the RBD
group. Nevertheless, because there is only a small difference between standardized DS
scores for the participants’ respective age groups (e.g., 6.57 vs. 6.35 for DF; 4.93 vs. 4.55
for DB), age should not be considered a significant factor when considering the differences
in DS between the two groups. While it is also acknowledged that education influences digit
span in healthy populations (Ostrosky-Solis & Lozano, 2006), the amount of education for
both groups did not differ significantly and therefore is not a likely factor in the results.

The current study also revealed a significant relationship between severity scores of the
WAB and MIRBI and digit span. While only the DB task strongly correlated with the MIRBI
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scores, both DF and DB did correlate with performance on the WAB AQ. This provides
further support that WM may be associated with the severity of cognitive and language
deficits (Tompkins et al., 1994). Other studies have found correlations between performance
on the WAB and WM capacity (Caspari et al., 1998) and have suggested that simple span
tasks (such as DF) do not predict language performance. The significant correlation between
the digit spans and WAB AQ found in the current study does not support that idea. As
Caspari et al. (1998) discussed as well, the significant correlations may simply be driven by
overall severity.

Alternatively, the correlations of WAB AQ with DF and DB in IWA could be interpreted as
support for phonological loop deficits in IWA leading to decreased span scores, both
forward and backward. In comparison, MIRBI scores (RBD) correlating only with DB may
suggest a more general central executive processing deficit. This is further supported by the
findings that DF was longer in RBD than IWA in the current study. With the two groups’
linguistic performance differences, it is possible that performance on DS tasks for these two
populations can be attributed to different aspects of the WM system. Without other measures
of WM to compare for the current study, this is only a provisional suggestion and requires
further study.

Potentially, the findings of the current study could be influenced by task modifications used
in order to compensate for language deficits in the brain damaged groups, which is similar to
what previous studies have done (Friedmann & Gvion, 2003; Sakurai et al., 1998). This
modification, while necessary to allow participants with language deficits the opportunity to
participate, may have altered the sensitivity of DF and DB span tasks. It is known that
recognition is easier than recall in such tasks (e.g., Flexser & Tulving, 1978); however, all
participants were presented with numbered cards and the modification affected response
modality, not recall. Participants were able to use the cards if they believed it aided their
communication of the digits. Although data regarding the number of participants from each
group who chose to use the cards was not collected, anecdotal evidence showed that
individuals from the RBD group as a whole did not use the cards. Some IWA did choose to
use them and yet the IWA group performed worse than the RBD group. Subsequent studies
should compare digit span performance with and without the use of cards. Furthermore, all
participants were exposed to the digit sequences twice, once during the DF task and then
during the DB span task. Although there is a chance that a practice effect for DB span may
be present, all participants experienced this exposure. Therefore, group differences in DB
span cannot be explained by a practice effect. It is possible, however, that DB spans of both
groups may be shorter if they received new sequences. Additionally, because the DB task
was always presented following the DF task the DB span may be influenced by fatigue
effects. Future studies will need to implement a method of counter-balancing span
assessment to avoid the potential confound of fatigue.

Overall, the current study suggests that IWA have shorter DF and DB spans than do
individuals with RBD and no aphasia. Consistent with previous studies in healthy
populations, the current study also found that DB is shorter than DF in IWA. Both findings
have implications for our understanding of IWA performance on digit span tasks and
measurement of WM. IWA will show decreased WM performance even on simple DF span
tasks. Further, while participants with RBD demonstrated shorter DB than DF, the
performance differential on digit span tasks between RBD and IWA suggests that language
deficits are associated with digit span performance, with various potential explanations.
Shorter digit spans could indicate that WM skills are decreased in IWA as compared to the
RBD group. Based on the limited exploration of digit span in IWA, future research
examining the relationship of WM and language in IWA and performance on digit span
tasks should continue.
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Figure 1.
The means of DF and DB for each group. Bars represent standard deviations.
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