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Evidence from neuroimaging and neuropsychology suggests that portions of the anterior
temporal lobes (ATLs) play a critical role in proper name retrieval. We previously found
that anodal transcranial direct current stimulation (tDCS) to the ATLs improved retrieval
of proper names in young adults (Ross et al., 2010). Here we extend that finding to older
adults who tend to experience greater proper-naming deficits than young adults. The task
was to look at pictures of famous faces or landmarks and verbally recall the associated
proper name. Our results show a numerical improvement in face naming after left or right
ATL stimulation, but a statistically significant effect only after left-lateralized stimulation.
The magnitude of the enhancing effect was similar in older and younger adults but the
lateralization of the effect differed depending on age.The implications of these findings for
the use of tDCS as tool for rehabilitation of age-related loss of name recall are discussed.
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INTRODUCTION
An inability to remember proper names is one of the most com-
mon complaints of older adults (Leirer et al., 1990). All forms of
associative memory appear to decline with healthy aging (Howard
et al., 2006; Yonelinas et al., 2007), but the arbitrary nature of
the relationship between faces and names makes this a partic-
ularly demanding cognitive task for older adults. While there
remains considerable debate regarding the neural mechanisms
which drive these and other age-associated declines in cognitive
function (Buckner, 2004), it has been proposed that weakening of
cortical connectivity may be an important contributor (MacKay
and Burke, 1990; James, 2006). In light of the rapid growth of the
elderly segment of the population in developed countries around
the world, there has been increased interest in interventions for
optimizing and remediating cognitive aging (Daffner, 2010).

In the present study we investigated whether stimulation of the
anterior temporal lobes (ATLs) by means of transcranial direct
current stimulation (tDCS) to the scalp is effective in modulat-
ing the recall of proper names for well-known people (faces) and
landmarks (places) in older adults. tDCS is a technique by which
small electric currents are applied to the scalp. These small cur-
rents transiently modify resting membrane potentials and thereby
affect the likelihood of neuronal discharge. Early animal work
has revealed that the polarity of the electrodes results in a depo-
larization (anodal) or hyperpolarization (cathodal) of membrane
potentials (Nitsche and Paulus, 2000). Applied to the human scalp,
this increase or decrease of cortical excitability has been shown to
extend beyond the time of the actual application of the current
and may last as long as 90 min (Nitsche et al., 2003; Iyer et al.,
2005) These longer-lasting effects may be mediated, in part, by

changes at NMDA receptors, known to subserve cortical plasticity
involved in learning and memory (e.g., Morris et al., 1986; Ferto-
nani et al., 2010). Being non-invasive, safe and inexpensive, tDCS
has increasingly been recognized as having great potential for neu-
rorehabilitation and has been applied to neurotypical subjects, as
well as subjects with a variety of brain pathologies (Fregni et al.,
2005, 2006, 2007) including Alzheimer’s Disease (Ferrucci et al.,
2008). Of special interest here is that tDCS has been shown to
affect language functions manifested by enhanced language learn-
ing (Floel et al., 2008; de Vries et al., 2010; Liuzzi et al., 2010) and
object naming (Fertonani et al., 2010), and has already shown to
be a promising tool for the rehabilitation of language function in
aphasia (Monti et al., 2008; Fiori et al., 2010; Fridriksson et al.,
2011).

In a recent study conducted in a young adult population, we
showed that anodal tDCS can enhance proper name recall for
famous faces when applied over the ATLs, particularly in the right
hemisphere (Ross et al., 2010). We found these effects specifically
in situations in which the recall of the name of a well-known face
was not easily achieved, suggesting that the modulatory effect of
tDCS on memory retrieval tasks may be particularly pronounced
in cases when memory access is difficult. We attributed this
enhancing effect to the modulation of neural connections that rep-
resent biographical information, a processing step that is believed
to underlie person recognition. We hypothesized that this effect
may be enhanced in situations in which the access to such semantic
content is decreased due to weakened cortical connectivity.

In the present study we extended this paradigm to healthy
older participants by presenting them with pictures of the faces of
famous people and landmarks/places. The task was to recall their

Frontiers in Aging Neuroscience www.frontiersin.org October 2011 | Volume 3 | Article 16 | 1

http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/about
http://www.frontiersin.org/Aging_Neuroscience/10.3389/fnagi.2011.00016/abstract
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=20653&d=1&sname=LarsRoss&name=Science
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=2094&d=1&sname=BranchCoslett&name=Science
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=1169&d=1&sname=IngridOlson&name=Science
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=36904&d=2&sname=DavidWolk&name=Medicine
mailto:larsross21@gmail.com
http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Aging_Neuroscience/archive


Ross et al. Proper naming and the brain

names while receiving anodal tDCS over the ATLs. The inclusion of
famous places allowed us to assess the selectivity/generality of any
observed effects. As with our study in young adults, we expected
anodal tDCS over the ATLs to increase proper name recall for
people and possibly places in cases when the name is known,
but cannot be immediately recalled. In particular, tDCS would be
most likely to modulate performance when the item is known, but
recall of the name is slower, similar to a “tip of the tongue” state.
In these instances more exhaustive memory search procedures
may be required to activate name representations. This access may
benefit from an decrease in resting membrane potentials and a
resulting increase in the probability of neuronal discharge.

We expected to find effects similar to the ones reported in our
previous study in young adults (Ross et al., 2010), but hypoth-
esized that the modulation of recall performance may be even
more enhanced in older adults due to the frequently reported nor-
mal decline in name recall in aging (James, 2006; James et al.,
2008), including the significant increase in experience of “tip of
the tongue” events relative to young adults (Evrard, 2002).

MATERIALS AND METHODS
PARTICIPANTS
Fourteen older (seven female) neurologically normal subjects
between the ages of 55 and 69 (M age = 65) served as the older
adult experimental group. The young adult sample was previously
reported in Ross et al. (2010). They consisted of 15 (11 female)
neurologically normal participants between the ages of 19 and 37
(M age = 26). The older adult sample was recruited either through
the University of Pennsylvania Penn Memory Center database or
by flyer. All participants were right handed, had normal or cor-
rected to normal vision and English as their first language. All
participants were consented according to the Institutional Review
Board of the University of Pennsylvania.

NEUROPSYCHOLOGICAL ASSESSMENT OF OLDER ADULTS
To ensure that our older adult sample met standard criteria for
“cognitively normal” the following test battery, made up largely
from the of the National Alzheimer’s Coordinating Center’s Uni-
form Data Set (UDS; Morris et al., 2006), was administered: mini-
mental state (MMSE), Digit Span, Trails A/B (Tombaugh, 2004),
Category fluency (Loonstra et al., 2001), 30-item Boston Naming
Task (BNT; Kaplan et al., 1983), and a 10-item list-learning mea-
sure (Rosen et al., 1984). Semantic memory was measured with
the Pyramids and Palm Trees test (Howard and Patterson, 1992).
All participants scored within the normal range on these tasks (see
Table A1 in Appendix; Mean scores were as follows: MMSE = 28.6
out of 30; digit span = 10.1; Trails A = 33.9 s; Trails B = 74.2 s;
Category Fluency = 24; BNT = 27.5 out of 30; Pyramids and Palm
Trees = 50.8 out of 52). We also used performance on a subset
of these measures to explore whether proper name recall was
related to neuropsychological tests involving naming in general
and whether observed tDCS effects were related to performance
in naming tasks.

STIMULI
The stimulus sets were designed to contain age-appropriate
stimulus material that was recognized and named correctly on

approximately 50% of the trials in a pilot experiment. Difficult to
name stimuli were employed to avoid ceiling effects. Fewer places
were selected due to the relatively lower familiarity of our cohorts
with landmarks. For the older adults, 130 photographs of famous
people and 99 photographs of famous landmarks were selected.
For the young adults, 165 photographs of famous people and 99
photographs of famous landmarks served as stimuli. Young par-
ticipants were shown 88 pictures (55 faces, 33 places) in each of
the three sessions totaling 264 stimuli and the sample of older
adults were shown 77 pictures (44 faces, 33 places) for a total of
2291. The assignment of pictures to conditions was randomized
for each participant.

DESIGN AND PROCEDURE
Experimental treatment – left anodal, right anodal, or sham –
was delivered on three separate days, in a randomized assignment
resulting in a 3 (stimulation condition: left anodal, right anodal,
or sham) × 2 (stimulus category: faces or places) design. After the
application of the electrodes the current was turned on and the first
session started with a 2-min training session. This was followed
by the experimental conditions, in which the stimulus categories
were presented in a blocked, counterbalanced order. Each face or
place stimulus was shown for 10 s during which time responses
were collected. The task was to say the name of the person or place
as quickly as possible, followed immediately by a left mouse click.
If the name could not be recalled or the stimulus was completely
unknown, the right mouse button was pressed. Individual trials
were separated by a 2-s blank screen. Mean accuracy rates and
reaction times (RTs) were calculated for each subject, stimulation
condition, and stimulus category and subjected to a series of paired
t -tests.

We expected the names of places to have lower recall rate and
slower RTs. We further expected tDCS to have its greatest effect for
items requiring longer recall times suggestive of decreased access
efficiency. We therefore selected correct responses that took longer
than 5 s, similar to the analytic approach used in our prior young
adult study (Ross et al., 2010). Percent correct performance for
each subject and condition was log transformed to compensate
for the asymmetry of the resulting performance distributions. Log
transformed data were subjected to a series of planned statisti-
cal comparisons (paired t -tests) to assess the effect of right and
left anodal stimulation on the name recall of faces and places. We
suspected that there might be relationships between neuropsycho-
logical test performance in tasks involving naming so we computed
Pearson correlation coefficients for performance in the BNT and
Category Fluency and the overall performance in the sham condi-
tion (not limited to the > 5 s responses). In a subsequent analysis
we compared the tDCS effects expressed as the log transformed
odds ratios between older and younger subjects from our previous
study directly with a repeated measures ANOVA (RM-ANOVA).

tDCS STIMULATION
Stimulation parameters were identical to that used in our
prior proper-naming study on young adults (Ross et al., 2010).

1Older adults received fewer stimuli because the trial length was 10 s to accommo-
date age-related slowing in memory retrieval, as opposed to 7 s used in the younger
sample. Overall duration of tDCS stimulation per session was limited to 15 min.
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Participants received anodal stimulation over the right or left ATL
or sham stimulation over the right or left ATL on one of three
sessions on separate days. Anodal electrodes (5 cm × 7 cm) were
centered over the ATL using T3 and T4 electrode locations of
the international 10–20 system (Jasper, 1958). The cathodal elec-
trode was placed over the contralateral cheek below the cheekbone
centered over the oral cavity. A Magstim Eldith 1 Channel DC
Stimulator Plus was employed. In the experimental conditions, a
1.5-mA of anodal current was applied for 15 min (15 s phase in–
phase out). In the sham condition, 1.5 mA current was ramped up
(15 s) and ramped down (15 s) before the task began.

RESULTS
PERFORMANCE OF OLDER ADULTS WITH ANODAL STIMULATION: ALL
TRIALS
Correct responses and RTs in left anodal, right anodal, and sham
conditions were averaged and are reported separately for face and
place stimuli (see Table 1). Mean accuracy was higher (faces: 62%;
places: 34%) and mean RTs faster for faces than landmarks (faces:
3630 ms; places: 4516 ms). These results are very similar to the
ones observed in younger adults (Ross et al., 2010). RTs were rela-
tively long because participants had 10 s to respond and they were
generated by the button press that followed the verbal response.
tDCS stimulation did not significantly affect accuracy when all tri-
als were included but was associated with a slowing of responses
when place names were recalled.

PERFORMANCE OF OLDER ADULTS WITH ANODAL STIMULATION AT
LONGER RTs
As laid out in the Section “Materials and Methods” and described
in our study in young adults, we selected all correct responses with
RTs longer than 5 s because we hypothesized that tDCS stimula-
tion would be most relevant in situations when the name of the
item is not immediately recalled (Ross et al., 2010). As seen in
Figure 1 and Table 1, left ATL stimulation increased face naming
accuracy from the baseline level (sham) of 29–40% [t (13) = −2.7;
p = 0.02]. Twelve of the 14 participants improved their face nam-
ing performance after left anodal stimulation. Anodal stimulation
of the right ATL did not significantly affect face name recall
[M = 34%; t (13) = −0.03; p = 0.97], however it did improve the
ability to recall names of places, from 21% in the sham condition
to 33% during stimulation [t (13) = −2.23; p = 0.04]. Left ATL

stimulation did not significantly affect the recall of place names
[t (13) = −1.68; p = 0.12].

COMPARISON OF OLDER TO YOUNGER ADULTS
The results described above were unexpected because we previ-
ously found that right ATL stimulation improved name recall for
faces in young adults (Ross et al., 2010). The data for the young
comparison group can also be found in Table 1. In the older adults,
performance was numerically higher during right ATL stimulation
but the effect did not reach significance. To compare the old and
young adults directly, we computed the log odds ratios (the log 10
of the ratio of the test versus sham conditions)2 at long RTs.

We submitted the resulting values to a RM-ANOVA with
the factors hemisphere (left, right), category (face, place), and
the between-subject factor of group (young, old). The results
are summarized in Table 2. There was a main effect of group
[F(1,27) = 27.11; p < 0.01; Partial η2 = 0.5], which reflected a
greater overall enhancement of naming with tDCS in the older

2The odds ratios were computed to derive the odds of a correct name retrieval in
the stimulation condition given the base performance in the sham condition. The
data were log transformed because the positive skew that resulted from the selection
of responses after 5 s that tended to accumulate at the lower end of the performance
distribution.

FIGURE 1 | Average percent accuracy for correct trials with long

response times in the face condition and place condition (older adults

only).

Table 1 | Accuracy (% correct) and response times.

Faces Places

SHAM L-ATL R-ATL SHAM L-ATL R-ATL

% (all RT) 59 (7.7) 63 (8) 64 (7.3) 31 (5) 35 (6.1) 36 (4.7)

RT (ms) 3649 (222) 3877 (229) 3363 (157) 4184 (274) 4640 (458) 4859 (274)

% old (long RT) 29* (4.3) 40* (5.1) 34 (7.3) 21* (3.4) 29 (3.2) 33* (6.5)

% young (long RT) 27* (4.8) 30 (7.3) 38* (3.7) 32 (5.6) 29 (5.8) 21 (4)

The top row contains percent correct (%) and the SEMs and RT for all trials. The bottom row contains % accuracy for trials with RTs > 5 s. Numbers for the young

participants are from our previous study (Ross et al., 2010). Asterisk signifies a statistically significant difference of comparisons between stimulation conditions for

faces and places respectively.
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Table 2 | Repeated measures ANOVA table.

Effects Σ of squ. df Mean Σ squ. F p Partial η2

Hemisphere 0.003 1 0.003 0.068 0.796 0.003

Hemisphere × group 0.116 1 0.116 2.643 0.116 0.089

Error (hemisphere) 1.181 27 0.044

Category 2.239 1 2.239 16.253 <0.001 0.376

Category × group 0.965 1 0.965 7.007 0.013 0.206

Error (category) 3.72 27 0.138

Hemisphere × category 0.011 1 0.011 0.505 0.484 0.018

Hemisphere × category × group 0.417 1 0.417 19.236 <0.001 0.416

Error (hemisphere × category) 0.585 27 0.022

Group 5.75 1 5.75 27.11 <0.001 0.501

Main effects of within-subject factors hemisphere (left, right) and category (faces, places) and the between-subjects factor group (young, old), along with interactions.

Σ of squ., sum of squares.

adults; the effect was smaller in young adults in whom face nam-
ing was selectively enhanced with right hemisphere stimulation.
Further, tDCS stimulation appeared to modulate face naming to a
greater extent than places as reflected by a main effect of category
[F(1,27) = 16.25; p < 0.01; Partial η2 = 0.38]. Of most interest,
tDCS differentially modulated the performance of both groups,
depending on the stimulation side and category, which led to a sig-
nificant three-way interaction between factors of group, category,
and hemisphere [F(1,27) = 19.23; p < 0.01; Partial η2 = 0.42].

Figure 2 illustrates this complex interaction. The left panel
shows the age-dependent dissociation of hemisphere of stimula-
tion and face naming enhancement, with older adults showing
improved face naming after left ATL stimulation, younger adults
after right ATL stimulation. In the right panel it is apparent that
tDCS to either hemisphere disrupts place name recall in young
adults whereas an improvement is observed in the aging sample.
It is also worth noting that within the older adult group there is
evidence of a category specific dissociation in which place naming
is enhanced by right hemisphere anodal tDCS and face naming by
left-hemisphere tDCS. This is evidenced by a significant interac-
tion between stimulation side and stimulus category in the older
sample [F(1, 13) = 10.15; p = 0.007; Partial η2 = 0.44] as in the
younger sample [F(1, 14) = 10.1; p = 0.007; Partial η2 = 0.42].

NEUROPSYCHOLOGICAL TEST SCORES AND NAMING PERFORMANCE
To understand whether there was a relationship between proper-
naming abilities and more general semantic memory perfor-
mance, we tested whether naming performance, in the absence
of stimulation, was related to performance on the two neu-
ropsychological measures involving naming: category fluency and
BNT. Category fluency was strongly correlated (Pearson, two-
tailed) with naming accuracy in the face condition (r = 0.88;
p < 0.001) and approached significance in the place condition
(r = 0.51; p = 0.06). Similarly, performance on the BNT was
strongly correlated with face naming accuracy (r = 0.7; p = 0.004)
and approached significance in the place condition (r = 0.49;
p = 0.07). These findings indicate that there is a strong relationship
between face naming and more general object naming.

As mentioned in the Section “Materials and Methods” we were
interested in testing whether the observed effects of electrical

stimulation (stimulation – sham) were correlated with prior per-
formance in both naming tasks but could not confirm such a
relationship (Faces – BNT: r = 0.25; p = 0.39; Category Fluency:
r = 0.02; p = 0.03; Places – BNT: r = 0.17; p = 0.57; Category
Fluency: r = 0.11; p = 0.7).

DISCUSSION
This study was carried out to investigate whether anodal tDCS
applied over the ATLs is effective in increasing the likelihood of
the recall of proper names of famous people and places in healthy
older adults. In our prior study (Ross et al., 2010), we demon-
strated that anodal tDCS can enhance the recall of proper names
of famous individuals when applied over the right ATL. This effect
was observed only in cases in which the names were not imme-
diately available. This temporally selective effect on name recall
is intuitive because tDCS is most likely to exhibit a modulatory
effect when name retrieval is difficult. These stimulation effects
are not likely due to a general arousal effect since we demonstrated
selectivity across stimulation site and stimulus category.

We hypothesized that we would find an even larger effect of
tDCS in this task in older subjects because of the known decline
of proper name recall in normal aging (James, 2004; James et al.,
2008). According to the transmission deficit hypothesis, normal
aging is associated with a weakening of neural connections result-
ing in the impaired access to information with sparse connec-
tivity in the semantic network (MacKay and Burke, 1990; James,
2006). The potential beneficial effects of tDCS would fit well with
this framework as anodal stimulation decrease resting membrane
potentials that in turn, could increase the likelihood of neuronal
discharge in such a weakened network. Therefore, tDCS is mech-
anistically appealing as a rehabilitative tool for cognitive decline
associated with healthy aging in addition to possible benefits in
brain injured populations.

The choice of the ATLs as our stimulation site was motivated
by a growing body of imaging literature suggesting this region as
the location for representation of person-specific knowledge (Ser-
gent et al., 1992; Gorno-Tempini et al., 1998; Leveroni et al., 2000;
Nakamura et al., 2000; Gorno-Tempini and Price, 2001; Grabowski
et al., 2001; Sugiura et al., 2001; Pourtois et al., 2005; Rotshtein
et al., 2005; Ross and Olson, 2010) and neuropsychological data
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FIGURE 2 | Left panel: Face naming accuracy difference scores (%) for ATL stimulation versus sham condition for each subject group. Right panel: Place
naming accuracy difference scores (%) for ATL stimulation versus sham condition for each subject group.

showing that focal lesions to the ATLs can cause multimodal per-
son recognition deficits and impaired proper naming (Gainotti,
2007; Olson et al., 2007).

The observed tDCS effects on face naming in this study’s older
sample was surprising because it was in the opposite hemisphere to
what we observed in our younger sample. Left, more so than right,
hemispheric stimulation led to a marked improvement in recall
of face names relative to the sham condition. However, it should
be pointed out that both left and right hemispheric stimulation
led to improvements in both groups. The groups differed only in
the dominance of this effect. Further, unlike in the younger sam-
ple, we observed that name recall of places was positively affected
by right hemisphere anodal stimulation. This finding was unex-
pected, however there is some precedence for it in the literature
given that ATL removal can at times cause proper name deficits
for people as well as places (Tranel, 2009).

We found that object naming and fluency as assessed in the
BNT and Category fluency Test was related to person and land-
mark naming in our task. We hypothesized that beneficial effects
of tDCS may be enhanced in older participants but found that the
improvements in the elderly were comparable to those observed
in the younger sample. Baseline language skills were not related to
naming improvements during tDCS suggesting a more generalized
benefit of stimulation in older adults.

It is important to note that one should be tentative in drawing
inferences from tDCS effects about cortical functional organiza-
tion. One reason is the limited spatial specificity of tDCS due to
large electrode size and current spread such that its effects may
influence a relatively wide area of potentially functionally het-
erogeneous cortex (Wagner et al., 2007). Another reason is that
depolarization and hyperpolarization of resting membrane poten-
tials, and therefore the enhancing and inhibitory effects, depend
on the orientation of neural cell populations relative to the current
flow and the direction of the current (Nitsche and Paulus, 2000).
The cortical folding pattern represents an inconsistent geometry of
cell orientations allowing different tDCS effects for functions that
are located in close proximity to one another and is complicated
by inter-subject variability in cortical folding.

While this study was explicitly designed to explore the rehabili-
tative utility of tDCS in age-associated naming deficits rather than
to provide a detailed account of the functional specialization of the
ATLs for proper name recall, we can at least speculate on possible
reasons for the differences between tDCS effects in younger and
older individuals, keeping the above caveats in mind. A common
finding in the aging literature is evidence of functional reorgani-
zation reflected by a hemispheric asymmetry reduction in BOLD
signal (Cabeza, 2002; Dolcos et al., 2002; Li et al., 2009). The hemi-
spheric asymmetry reduction in older adults (HAROLD) model
poses that these changes reflect compensatory processes due to
under- or inefficient recruitment of the specialized, unilateral net-
works activated in young adults. This compensatory recruitment is
often in homologous regions in the contralateral hemisphere from
the cortical regions activated in young adults. Furthermore, such
compensatory behavior may be differentially instantiated depen-
dent on task and subject related factors (Cabeza, 2002; Park and
Reuter-Lorenz, 2009). It is possible that the observed effects here
reflect promotion of this compensatory activity in the left ATL with
anodal tDCS over this structure in support of ineffective unilat-
eral right ATL recruitment, which underlies face naming in young
adults. Direct right ATL stimulation, which produced a more mod-
est, but not statistically significant benefit in the older adults, may
be less effective in overcoming inherent inefficiencies than stimula-
tion of alternative networks to support performance. Such a result
is not without precedent as Sole-Padulles et al. (2006) described a
face–name episodic encoding task in which repetitive transcranial
magnetic stimulation to the prefrontal cortex enhanced activity
in this region and improved memory performance in older adults
presumably by compensating for inefficient memory networks.

Another possible explanation for the observed differences is
based on the different stimulus material used for young and older
participants. In the young adults, knowledge of most of the famous
faces was likely acquired relatively recently. In contrast, the knowl-
edge about faces (and places) in our older sample was presumably
learned decades ago (such as the face of Marilyn Monroe). The
search for the name of a person that has been learned a long
time ago may place different demands on the neural networks
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underlying name recall and may involve a more comprehensive
search through long-term memory.

A different explanation for the observed differences between
older and younger participants derives from the complexity of
the processes underlying person recognition and proper naming.
The access to phonological representations in a name recall task is
thought to be a late step in a serial information processing hier-
archy (Bruce and Young, 1986; Burton et al., 1990; Galdo Alvarez
et al., 2009). In our previous publication (Ross et al., 2010) we spec-
ulated that the right-sided effects in younger adults were due to
the modulation of right hemispheric neural networks underlying
the recognition or retrieval of person-specific semantic informa-
tion rather than the recall of its name. This idea is supported by
studies of patients with focal ATL lesions that have shown that
right-sided damage tends to be associated with the loss of feelings
of familiarity and access to biographical information (excluding
the name; Gainotti, 2007; Gainotti et al., 2010). In our experi-
ment this enhanced ability for person recognition may in turn
have affected the downstream retrieval of left-hemisphere phono-
logical representations (Burton and Bruce, 1992). It is possible
that in older adults, tDCS enhanced this later stage which has
been shown to have a left hemispheric focus (Tranel et al., 1997;
Grabowski et al., 2001; Tranel and Jones, 2006; Tsukiura et al.,
2006). Therefore, tDCS in the elderly would seem to have a most
robust effect in situations similar to a true “tip of the tongue”
state. Here, a person or object is already recognized and the recall
of the proper name is subjectively perceived to be imminent but
cannot be accessed (Maylor, 1990; Burke et al., 1991). It should
be mentioned here that this phenomenon is often experienced

with proper names, but is not necessarily limited to them. The sig-
nificant relationship in our data between neuropsychological test
performance in tasks involving object naming (BNT) and verbal
fluency (Category fluency) and performance in our proper name
task suggest that tDCS may be effective in language production
in general. This is indeed supported by experiments investigating
word and name retrieval in patients with aphasia (Monti et al.,
2008; Fiori et al., 2010; Fridriksson et al., 2011) and healthy partic-
ipants (Fertonani et al., 2010). The recall of proper names can
be seen as a special case of name retrieval due to the unique
and arbitrary nature of proper names that are often harder to
access.

In conclusion, recall of proper names in older adults can be
enhanced with electrical stimulation over the ATLs. Anodal tDCS
improved proper naming of both famous faces and landmarks
with left and right ATL stimulation, respectively. The effects of
face naming observed here were of a similar magnitude to that of
young adults, but only older adults demonstrated an effect on place
naming, suggesting a potential more general benefit of anodal
stimulation. Our data lend support to increasing evidence of the
effectiveness of tDCS as a potential tool for the neurorehabilitation
of cognitive function in healthy and pathological cognitive decline.
However, more research is needed to clarify the exact conditions
under which the applications of tDCS can be useful.
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APPENDIX

Table A1 | Neuropsychological test performance.

Sub # Age Gender MMSE Digit span Trails A time Trails B time Category fluency BNT Pyramids and palm trees

1 55 M 28 10 36 95 21 26 52

2 61 M 30 13 31 75 29 30 51

3 67 F 27 12 37 91 22 30 49

4 65 F 29 9 50 85 25 28 52

5 65 F 29 13 29 87 29 28 52

6 65 F 29 12 40 81 18 25 49

7 63 M 30 8 23 54 27 30 52

8 66 M 30 8 33 79 21 25 52

9 69 M 25 8 45 84 26 28 51

10 61 M 30 11 35 78 16 *21 48

11 65 F 30 8 26 34 26 30 51

12 67 F 30 9 27 37 30 30 51

13 66 M 25 9 34 100 20 28 50

14 65 M 29 11 26 57 25 25 50

M 64.4 – 28.6 10.1 33.9 74.2 24 27.5 50.8

Individual and mean scores on neuropsychological tests administered to older participants. The MMSE score is out of 30. Digit span was calculated by forward total

score (total = 16). The BNT score represents total correct (number correct without a cue + number correct with semantic cue; phonetic cues not included) and is out

of 30. The pyramids and palm tree score is out of 52. The one abnormal score is marked by an “*.”
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