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People’s names have an embarrassing propensity to be forgotten. This problem is exacerbated by normal
aging and by some kinds of dementia. As evidence from neuroimaging and neuropsychology suggest
that portions of the anterior temporal lobes play a role in proper name retrieval, we hypothesized that
transcranial direct current stimulation (tDCS), a technique that modulates neural transmission, to the
anterior temporal lobes would alter the retrieval of proper names. Fifteen young adults received left
anodal, right anodal, or sham stimulation of the anterior temporal lobes while naming pictures of famous
individuals and landmarks. Right anterior temporal lobe stimulation significantly improved naming for
emory
rain stimulation
DCS
erson identity
emantic
ocial cognition

people but not landmarks. These findings are consistent with the notion that the anterior temporal lobes
are critically involved in the retrieval of people’s names.

© 2010 Elsevier Ltd. All rights reserved.
euroscience
lectrophysiology

Recent evidence has identified the anterior temporal lobes (ATL)
s a likely anatomical location for layers within the semantic
etwork that link together person-specific information, including
roper names. ATL damage from focal injury, epilepsy resection
urgery, or from cell loss in the temporal variant of frontotempo-
al dementia,1 can cause a multimodal person recognition deficit
Gainotti, 2007a; Olson, Plotzker, & Ezzyat, 2007). Two distin-
uishing features of this deficit are that patients’ have preserved
erception of faces, but impaired recognition of faces, and their
eficit extends to non-face recognition cues, such as recognizing
eople from their voice or name (Evans, Heggs, Antoun, & Hodges,
995; Gainotti, Barbier, & Marra, 2003; Gentileschi, Sperber, &

pinnler, 2001; Snowden, Thompson, & Neary, 2004). The idea
hat the ATL represents person-specific semantic knowledge is

ade more credible by neuroimaging studies reporting increased
TL activations to familiar faces as compared to unfamiliar faces

∗ Corresponding author. Tel.: +1 215 204 1708.
E-mail address: larsross21@gmail.com (L.A. Ross).

1 It should be noted here that semantic dementia is associated with a pervasive
emantic impairments for which the degradation of person knowledge is but one
lement. It has been suggested that person knowledge is particularly vulnerable to
ecline in this disorder because specific levels of knowledge tend to degrade first
Rogers et al., 2004; Warrington, 1975).

028-3932/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2010.07.024
(Gorno-Tempini et al., 1998; Grabowski et al., 2001; Leveroni et al.,
2000; Nakamura et al., 2000; Pourtois, Schwartz, Seghier, Lazeyras,
& Vuilleumier, 2005; Rotshtein, Henson, Treves, Driver, & Dolan,
2005; Sergent, Ohta, & Macdonald, 1992; Sugiura et al., 2001).

In the study reported here we investigated whether stimula-
tion of the ATL by means of transcranial direct current stimulation
(tDCS) is effective in modulating the recall of proper names of
known people and landmarks (places). tDCS is a technique by which
small electric currents are applied to the scalp. These small currents
transiently modify transneural electrical potentials, which either
enhance or inhibit the likelihood of neural firing. Cathodal stimu-
lation typically reduces excitability in underlying neural substrates
(Ferrucci et al., 2008) whereas anodal stimulation can increase
the likelihood of neural firing thereby enhancing brain functions
(Iyer et al., 2005; Nitsche & Paulus, 2000). The effects typically last
30–90 min and may be mediated, in part, by long-term potentiation
or depression-like effects. tDCS has been used in both normal sub-
jects as well as subjects with a variety of brain pathologies (Fregni
et al., 2005, 2006) including Alzheimer’s Disease (Ferrucci et al.,
2008).
In the current study, participants were presented with famous
people and places and were asked to recall their names while
receiving anodal tDCS over the ATLs. Famous places served as a
well-matched comparison condition since they have proper names
associated with them but lack the social importance of faces.

dx.doi.org/10.1016/j.neuropsychologia.2010.07.024
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:larsross21@gmail.com
dx.doi.org/10.1016/j.neuropsychologia.2010.07.024
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Table 1
Mean naming accuracy in percent correct and reaction times (RT). The bottom row contains % correct for trials in which RTs > 5 s.

Faces Places

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

Accuracy % (all RT) 50 51 53 35 32 33
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we performed a second analysis in which we analyzed accuracy
at long RTs, defined as those greater than 5 s. Here we found an 11%
increase in face naming accuracy, from 27% in the sham condition
to 38% after stimulation of the right ATL (t(14) = −1.82; p = 0.036;
RT (ms) 3121 3078
Accuracy % (long RT) 27* 30

ccuracy rates marked in bold are significantly different (*p < 0.05).

he inclusion of this condition allowed us to assess the selectiv-
ty/generality of any observed effects.

We reasoned that anodal tDCS over the ATLs may increase
roper name recall for people and possibly places in cases when the
ame is known, but cannot be immediately recalled. Improvements

or well-known items may be subject to a ceiling effect because
heir names are immediately recalled. We hypothesized that tDCS
ould be most likely to modulate performance when the item is

nown but recall of the name is slower, similar to a “tip of the
ongue” state. In these instances more exhaustive memory search
rocedures may be performed to activate name representations.
his access may benefit from an increase in resting membrane
otentials and a resulting increase in the probability of neuronal
ischarge.

There are two theoretically plausible mechanisms by which ATL
timulation could improve person naming. First, tDCS could modu-
ate access to person-specific semantic information, a stage that is
hought to precede access to the name (Bruce & Young, 1986). Sec-
nd, tDCS could instead directly modulate access to phonological
nformation (=the name itself). The neuropsychological literature
uggests that the first mechanism should be more closely associ-
ted with the right ATL, the second mechanism with the left ATL
Gainotti, 2007a).

. Method

.1. Participants

Fifteen (11 females) neurologically normal subjects between the ages of 19 and
7 (M age = 25.6) participated. All participants had normal or corrected to normal
ision and English as their first language. All participants were consented according
o the Institutional Review Board of the University of Pennsylvania.

.2. Stimuli

One hundred sixty-five photographs of famous people and 99 photographs of
amous landmarks served as stimuli. These items were selected because normal sub-
ects named them correctly on approximately 50% of trials in a previous norming
tudy. This accuracy level was chosen because we reasoned that in order for tDCS
o modulate performance, the items should not be too known or unknown. Fewer
laces were selected due to the relatively lower familiarity of our cohort with land-
arks. In each of the three testing sessions participants were shown 88 pictures (55

aces, 33 places) for a total of 264 stimuli. The assignment of pictures to conditions
as randomized for each participant.

.3. tDCS stimulation

There were three stimulation conditions: anode over the left ATL, anode over
he right ATL, or sham stimulation. Anodal electrodes were centered over the ATL
sing T3 and T4 electrode locations of the international 10–20 system (Jasper,
958). The cathodal electrode was placed over the contralateral cheek inferior to
he zyomatic arch (cheekbone). In the experimental conditions, a 1.5 mA anodal
urrent was applied for 15 min using 5 cm × 7 cm electrodes (15 s ramping, phase
n–phase out). In the sham condition, 1.5 mA current was ramped up (15 s) and then
own (15 s) with no further stimulation during the task. A Magstim Eldith 1 Channel
C Stimulator Plus was employed.
.4. Design and procedure

The experiment had a 3 (stimulation condition: left anodal, right anodal, or
ham) × 2 (stimulus category: faces or places) design. Experimental treatment was
elivered on 2 separate days. On day 1, one of the active stimulation conditions
either left or right anodal; pseudo-random assignment) was delivered. On day 2,
3036 3794 3876 3931
38* 32 29 21

the alternate active stimulation condition was administered. Sham stimulation was
delivered on the first or the second day and preceded the active condition to avoid
carryover effects for sham performance (for a similar design see Fertonani, Rosini,
Cotelli, Rossini, & Miniussi, 2010). After the application of the electrodes, the current
was turned on and participants received 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 7 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. Participants had 7 s to make a response for each trial.
Each trial was followed by a 2 s ITI consisting of a blank screen.

Accuracy was the primary dependent measure of interest, and RT was secondary.
We expected RTs to be relatively long because (a) RTs for proper names tend to be
long (Evrard, 2002); (b) we purposely used difficult stimuli and a recall, rather than
recognition task; (c) an open stimulus set was used; and (d) we recorded RTs to the
subjects’ button press which occurred after naming the item.

2. Results

Correct responses in left anodal, right anodal, and sham con-
ditions were averaged and analyzed separately for face and place
stimuli by means of two-tailed, paired t-test (˛ = 0.05). Overall,
mean accuracy was higher (faces: 52% correct; places: 33% cor-
rect) and mean response times (RTs) faster (faces: 3078 ms; places:
3869 ms) for faces than landmarks (see Table 1 and Fig. 1).

In both face and place conditions the average accuracy of name
recall was similar across stimulation conditions and statistical com-
parisons yielded no significant effects of stimulation. However, we
found that in the face condition RTs were 85 ms faster after right-
ATL stimulation relative to sham, a difference that approached
significance (p = 0.09). As we expected that the effects of tDCS
would be most apparent for stimuli that were harder to name,
Fig. 1. Average percent accuracy for correct trials with long response times in the
face condition and place condition.



L.A. Ross et al. / Neuropsycholog

F
d

s
n
I
f
p

1
p
A
(
b
T
w
a

3

E
T
s
t
a
A
m
i

i
b
r
b
t
b
r
i
1
b
s
d
t

o
a

ig. 2. Percent difference in naming accuracy between right anodal and sham con-
itions for each individual subject. Numbers on the x-axis denote subject numbers.

ee Fig. 1). Remarkably, 13 out of 15 participants showed increased
aming performance after right anodal stimulation (see Fig. 2).

nterestingly, the two participants that showed a decrease in per-
ormance were unique in our sample in that tDCS diminished their
erformance in all conditions.

An inverse trend was apparent in the place condition—an
1% decrease in accuracy after right-ATL stimulation (t(14) = 1.9;
= 0.077; see Fig. 1). This dissociation was evident in a separate RM-
NOVA [stimulation (sham, left anodal, right anodal) × material

faces, places) × order (1–4)]2 with a significant interaction
etween factors stimulation by material (F(2,22) = 5.66; p = 0.01).
he RM-ANOVA also revealed that the order in which conditions
ere delivered did not have a significant contribution to the vari-

nce of the dependent variable [F(3,11) = 0.64; p = 0.61].

. Discussion

Proper names are difficult to learn (McWeeny, Young, Hay, &
llis, 1987) and prone to loss in memory decline (James, Fogler, &
auber, 2008). It has been hypothesized that this is due to their
parse connectivity in the semantic network. We reasoned that
DCS may be effective in enhancing proper name recall when items
re more difficult to retrieve. We found that tDCS over the right
TL enhanced recall of names for famous people but not land-
arks, in cases when the items were known, but their names not

mmediately recalled.
The interaction between recall time and enhancement is intu-

tive because at short RTs the facilitating effect of tDCS is likely to
e subject to a ceiling effect—these names are already efficiently
etrieved. However, items that are more difficult to name despite
eing known to the subject, a situation often experienced as a tip of
he tongue state in everyday life, are more likely to be modulated
y the facilitative influence of anodal tDCS stimulation. Here, the
etrieval of well-known information fails even though the retrieval
s believed to be imminent (Burke, MacKay, Worthley, & Walde,
991; Maylor, 1990). Our results suggest that tDCS effects will

e more frequently observed in individuals with memory decline
uch as in older adults or in dementia. Indeed, the “transmission
eficit hypothesis” proposes that normal aging is associated with
he weakening of neural connections, which in turn results in the

2 Please note that we did not have a full factorial design (sham was only delivered
ver one hemisphere) and therefore could not test interactions between hemisphere
nd stimulation condition.
ia 48 (2010) 3671–3674 3673

loss of access to sparsely connected representations such as proper
names (James, 2006; MacKay, 1990). tDCS is therefore a poten-
tial tool for neurorehabilitation in these populations, especially in
combination with medical intervention (Monte-Silva et al., 2009;
Nitsche et al., 2006; Terney et al., 2008).

The trend observed in the landmark condition hints that anodal
tDCS to the ATLs may be disruptive for the recall of landmark
names. Although a few researchers have implicated the ATLs in the
naming of famous landmarks (Drane et al., 2009; Grabowski et al.,
2001; Tranel, 2006), landmark naming deficits are not consistently
observed after ATL damage (Gainotti, 2007a).

The laterality effects observed in our study are somewhat sur-
prising because of the left hemispheric dominance of language.
Studies on focal ATL lesions reveal that right ATL patients tend to
loose feelings of person familiarity and access to person-specific
semantic information when shown famous or personally familiar
faces. In contrast, left ATL damage causes retrieval deficits when
names are used as retrieval cues and usually retain feelings of
familiarity (Gainotti, 2007b; Gainotti, Ferraccioli, & Marra, 2010).
Thus it is possible that right-ATL stimulation affected access to
person-specific semantic information, part of the person recogni-
tion process, which is thought to precede phonological access of
the name (Burton & Bruce, 1992). This neural enhancement of per-
son identification may have affected downstream name recall in
the left hemisphere through inter-hemispheric connections.

The recall of proper names is a complex process involving sev-
eral information processing steps and a network of brain regions
(Galdo Alvarez, Lindin Novo, & Diaz Fernandez, 2009). For this rea-
son it is theoretically possible that stimulation of other language
regions might yield similar effects to those observed here. There are
reports of moderate tDCS effects on reaction times in a picture nam-
ing task when applied over Wernicke’s area (Sparing, Dafotakis,
Meister, Thirugnanasambandam, & Fink, 2008) and the left dor-
solateral prefrontal cortex (Fertonani et al., 2010). However the
fact that we showed a large accuracy effect, selectively for famous
face stimuli, speaks for a prominent role of the right ATL in person
naming.

Related to this topic, one could interpret the observed findings as
arising from stimulation of the inferior frontal gyrus, rather than the
ATL, since tDCS has somewhat limited spatial resolution. The left
inferior frontal gyrus is thought to be involved in semantic access
(Binder, Desai, Graves, & Conant, 2009). However, the fact that tDCS
effects were manifest in the right hemisphere speaks against this
notion. Further, tDCS current density decreases substantially even
over a relatively short distance from the active electrode (Miranda,
Lomarev, & Hallett, 2006; Nitsche et al., 2003; Wagner et al., 2007).

It is possible to interpret our findings within a more general
framework termed the “hub account” of semantic processing in
the ATLs (see Patterson, Nestor, & Rogers, 2007 for a review). In
this view, famous persons and landmarks are highly specific items
that are more vulnerable to degradation in semantic dementia than
are more general classes of items (Rogers et al., 2004; Warrington,
1975). In support of this notion, Pobric, Jefferies, and Ralph (2007)
asked participants to make similarity judgments to basic level or
subordinate level words and found that repetitive TMS over the
ATL selectively slowed judgments for subordinate level words.

We previously showed that the ATL is more sensitive to social
stimuli than non-social stimuli (Olson et al., 2007; Ross & Olson,
2010; Simmons, Reddish, Bellgowan, & Martin, 2009; Zahn et al.,
2007, 2009). The different effects in the face and place conditions
of this study may therefore reflect the differential sensitivity of

this region to social stimuli. In this context the potential appli-
cability of tDCS as a rehabilitation tool may be constrained to
specific categories of stimuli which requires that the full range of
effects are established before tDCS can be advised for therapeutic
purposes.
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