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Background: Semantic dementia (SD) is a disorder that leads to a gradual but profound
breakdown of conceptual knowledge and, as a result, severe anomia that is not alleviated
by phonemic cueing. Several studies have shown that practising to name a set of objects
can help people with SD to relearn the names of those objects. However, it is not clear
whether the factors that impact on spontaneous naming in SD would remain the same or
whether they would change as a result of relearning.
Aims: The current relearning study examined phonemic cueing before and after relearning, to determine whether this factor’s impact on naming changed during the course of
the relearning.
Methods & Procedures: Two people with SD participated in the study. A baseline naming
test was performed prior to the start of the relearning. The relearning took place over 3
weeks (15 sessions), followed immediately by a retest the following day. Relearning and
the influence of phonemic cueing were measured at baseline and retest.
Outcomes & Results: The impact of phonemic cueing was greater at retest than at baseline.
Conclusions: Although phonemic cueing did not impact on spontaneous naming in SD, it
did have a facilitative effect after relearning. This change may signal a shift in the relative
contributions of the underlying learning systems.
Keywords: Semantic dementia; Relearning; Cueing.

SEMANTIC DEMENTIA
Semantic dementia (SD) is the temporal lobe variant of frontotemporal dementia and
it is associated with progressive atrophy focused on the inferior and lateral portions
of the anterior temporal lobes (ATL) (Galton et al., 2001; Mummery et al., 2000;
Nestor, Fryer, & Hodges, 2006) and gradual but profound, selective degradation of
semantic knowledge across all sensory modalities. Other cognitive skills and episodic
memory remain relatively preserved (Bozeat, Lambon Ralph, Patterson, Garrard, &
Hodges, 2000; Hodges, Patterson, Oxbury, & Funnell, 1992; Piwnica-Worms, Omar,
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Hailstone, & Warren, 2010; Snowden, Goulding, & Neary, 1989; Warrington, 1975).
The semantic impairment that occurs in SD leads to a severe anomia and, unlike in
some people with anomia, the naming deficit in SD is not alleviated by phonemic
cueing (Jefferies & Lambon Ralph, 2006; Jefferies, Patterson, & Lambon Ralph, 2008).
A number of studies have now charted the attempts of individuals with SD to regain
and/or maintain verbal labels to show that some relearning is possible (e.g., Graham,
Patterson, Pratt, & Hodges, 1999, 2001; Green Heredia, Sage, Lambon Ralph, &
Berthier, 2009; Jokel, Rochon, & Leonard, 2006; Snowden & Neary, 2002). However,
the factors that impact upon name relearning in SD have received less attention (e.g.,
Graham, Patterson, Pratt, & Hodges, 1999, 2001; Green Heredia et al., 2009; Jokel
et al., 2006; Snowden & Neary, 2002). What occurs in the underlying systems during
relearning may be better understood by comparing what impacts on naming following
relearning with what is known to impact on spontaneous naming. The current study
will focus on measuring the impact of one factor—phonemic cueing—both before and
after relearning.

RELEARNING IN SD: PREVIOUS STUDIES
To date there have been 12 SD relearning studies (Bier et al., 2009; Dewar, Patterson,
Wilson, & Graham, 2009; Frattali, 2004; Funnell, 1995; Graham, Patterson, Pratt,
& Hodges, 1999, 2001; Henry, Beeson, & Rapcsak, 2008; Green Heredia et al., 2009;
Jokel, Rochon, & Anderson, 2010; Jokel et al., 2006; Robinson, Druks, Hodges, &
Garrard, 2009; Snowden & Neary, 2002). Typically, with sufficient regular practice
people with SD can relearn object names for items they study, but learning is very
rigid (Bier et al., 2009; Graham, Patterson, Pratt, & Hodges, 1999; Green Heredia
et al., 2009; Jokel et al., 2006, 2010; Robinson et al., 2009; Snowden & Neary, 2002).
For example, participant CR was able to relearn the names of a set of items but naming
accuracy dropped when the same items were presented in a random order (rather than
in the studied order) and on single sheets of blue paper (rather than within a booklet
of white paper) (Snowden & Neary, 2002). In other words, the relearning was highly
dependent on the relearning context.
Exactly what occurs in the brain during relearning in SD is not yet clear. One
possibility is that practising with object names leads to a partial retraining of concepts within the degraded semantic system such that the concept representations are
strengthened in a similar fashion to the way they were originally formed. If this is the
case, then the same factors that predict naming prior to relearning might be expected
to impact on naming after relearning. Alternatively, if there is a shift towards more
reliance on a supplementary episodic learning system which builds up sparse, rigid
representations (McClelland, McNaughton, & O’Reilly, 1995; Graham, Patterson, &
Hodges, 1999; Snowden & Neary, 2002), then the factors that impact on naming after
relearning might be different.

PHONEMIC CUEING IN SD: BEFORE AND AFTER RELEARNING
Semantic degradation in SD is gradual but once the ATL representation for a concept
falls below a certain threshold, it is too weak to activate no matter how it is probed
(Jefferies & Lambon Ralph, 2006; Jefferies et al., 2008; Warrington & Cipolotti, 1996).
This means that people with SD exhibit a high degree of consistency for a given
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concept across different tasks (Jefferies & Lambon Ralph, 2006). It also means that
phonemic cueing, even with nearly whole word cues, is not effective at facilitating
naming in SD (Jefferies & Lambon Ralph, 2006; Jefferies et al., 2008).
In contrast to spontaneous naming there is some limited evidence to suggest that
phonemic cueing may be beneficial to people with SD after relearning. Snowden and
Neary (2002) tested the effect of orthographic cues (written presentation of first letter
or first syllable depending on word length) before and after relearning in a person with
SD and found no effect at baseline. However, at a follow-up several months after the
relearning had ceased, the person with SD spontaneously named 13 of the 20 trained
items and the written cues facilitated naming of the remaining seven items. The current
study aims to study the cueing effect in more detail in order to determine whether or
not the effect of phonemic cueing changes from baseline to retest.

METHOD
Participants
Two people (NH and GE) with a diagnosis of SD were recruited from a local memory
clinic. Table 1 provides a behavioural profile outlining their semantic impairments and
other, relatively spared, cognitive abilities. Both participants had brain scans typical
of SD with bilateral atrophy focused on the inferior and lateral ATLs. NH’s semantic impairment was milder than that of GE, which was in line with her more recent
diagnosis.

Stimuli
A 64-item naming test (Lambon Ralph, Howard, Nightingale, & Ellis, 1998) was used
in the current study. The average score on this task for eight adults with an average age
of 68.4 and 10 years of education was 62.75/64. A 64-item word-to-picture matching
task containing these same 64 items was also created, with foils selected from other
items in the test. For the matching task each trial contained one target and five foils
all within the same category (living or nonliving) as the target.
Once baseline naming of the 64 items had been carried out, the items were split
into a trained and an untrained set of 32 items. Trained and untrained sets for each
participant were matched for the variables which are known to affect naming in SD—
lexical frequency as measured by CELEX (Baayen, Piepenbrock, & van Rijn, 1993)
and baseline knowledge (Jokel et al., 2006; Snowden & Neary, 2002). Individual baseline naming and individual baseline word-to-picture matching were used to determine
this variable.

Procedure
Baseline. NH and GE were visited at home and the 64-item naming test was carried
out, followed by the word-to-picture matching test for the 64 items. During the naming
test, when NH or GE was unable to name an item spontaneously, the first phoneme
of the word was given as a phonemic cue. Spontaneous responses and responses after
cues were recorded.
Training. NH and GE were each given a booklet which contained their individualised 32 items to study. For all 32 items the first page displayed a picture of the item
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Background neuropsychological testing
NH

Age
Sex

65
F
R>L ATL
atrophy

Scan
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52
M
L>R ATL
atrophy

Normal
cut-off /
range

NH

GE

64
64
52
52
64
64
n/a

59
63
49
49
53
56
89

24∗
37∗
NT
NT
41∗
NT
14∗

14∗
34∗
35∗
33∗
25∗
22∗
22∗

36
36
n/a
n/a
10
20
10
10
7
10

%ile
%ile
5
22
8
18
7
6
6
3

25th %ile
NT
4∗
34
10
16∗
10
9
7
9

>95th %ile
>99th %ile
7
19∗
10
20
10
10
7
10

Max score
Semantic tests
64 Naming
64 WPM
PPT Pictures
PPT Words
CCT Pictures
CCT Words
Category Fluency (8 categories)
Other cognitive tests
Ravens Coloured Progressive Matrices
Rey Immediate Recall
Digit span (forward)
Letter Fluency
VOSP Dot counting
VOSP Position discrimination
VOSP Number location
VOSP Cube analysis
TEA elevator counting (without distraction)
TEA elevator counting (with distraction)

GE

F = female, M = male, R = right hemisphere, L = left hemisphere, ATL = anterior temporal lobes,
NT = not tested, ∗ participant score below the normal cut-off.
64 Naming = Cambridge 64-item naming test (Bozeat et al., 2000), 64 WPM = Cambridge 64-item
word-to-picture matching (Bozeat et al., 2000), PPT = Three-picture Pyramids and Palm Trees (Howard
& Patterson, 1992), CCT = Cambridge 64-item Camel and Cactus test of semantic association (Bozeat
et al., 2000), Category Fluency = concepts (eight tested) produced in 1 minute, Ravens Coloured Progressive
Matrices (Raven, 1962), Complex Figure of Rey immediate recall subtest (Osterreith, 1995), Digit span
(Wechsler, 1987), Letter fluency = words beginning with F, A, and S in one minute, VOSP = Visual Object
and Space Perception Battery (Warrington & James, 1991), TEA = Test of Everyday Attention elevator
counting subtests, with and without distraction (Robertson, Ward, Ridgeway, & Nimmo-Smith, 1994)

and the next page displayed the same picture with the written label underneath. For
each study session each participant opened the booklet to the first page and attempted
to name the item. If they were unable to name it they were asked to turn to the next
page and read the name aloud while focusing on the picture. They did this once for
each of the 32 items in the booklet. After the initial face-to-face learning session
NH and GE were telephoned each day for 3 weeks (15 sessions in total). They followed the same procedure for each session and their learning profiles were recorded
each day.
Retest. The day after the end of the 15 training sessions, NH and GE were visited
at home to reassess their skills in naming and word-to-picture matching for all the
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64 items. The reassessments were carried out in the same way that they had been at
baseline; that is, the items were in the same order as the baseline testing with the 32
trained items randomly distributed throughout the set. During naming, when either
participant could not name an item spontaneously a phonemic cue was given.

RESULTS
Spontaneous (uncued) naming performance is shown in Figure 1 for NH (1a) and GE
(1b). NH improved her naming of trained items significantly from a baseline score of
8/32 (25%) to a retest score of 29/32 (90.6%) (McNemar, two-tailed, p < .001). For
the untrained items NH did not show any change in naming, with a baseline score of
9/32 (28.13%) and a retest score of 7/32 (21.88%) (McNemar, two-tailed, p = .625).
GE also improved his naming of trained items significantly from a baseline score of
1/32 (3.13%) to a retest score of 13/32 (40.63%) (McNemar, two-tailed, p < .001). For
the untrained items GE did not show any change in naming, with a baseline score of
2/32 (6.25%) and a retest score of 3/32 (9.38%) (McNemar, two-tailed, p = 1.000).

Naming accuracy (max = 32)

(a)

*

32
24
16
8
0

Baseline

Retest

Baseline

Untrained

Retest
Trained

(b)
Naming accuracy (max = 32)
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Overall naming: Effects of relearning

32
24

*

16
8
0

Baseline

Retest
Untrained

Baseline

Retest
Trained

Figure 1. Baseline and retest naming performance for NH (1a) and GE (1b). ∗ p < .05.
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Proportion correctly named
with a cue
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1

*

0.8
0.6
0.4
0.2
0

Baseline

Retest
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Untrained

Baseline

Retest
Trained

Figure 2. Effect of phonemic cueing on unnamed items before and after training (participant GE). ∗ p < .05.

Influence of phonemic cueing
At retest NH spontaneously named all but 3 of the 32 trained items, so it was not possible to compare the relative facilitative effect of phonemic cueing at baseline (1/24)
versus retest (2/3) for her. On the other hand, at baseline GE named 1 out of the 32
trained items without a cue (which left 31 available to cue) and 13 of the 32 trained
items without a cue at retest (which left 19 available to cue). Therefore it was possible to carry out a comparison of the proportion of trials where a cue helped GE
to name an item at baseline versus retest. There was a significant difference between
the two time points, with cues facilitating naming on a larger proportion of trials at
retest (11/19, 57.9%) than at baseline (9/31, 29.0%) χ 2 (df = 1) = 4.089, p = .043. For
the untrained concepts there was no difference in cueing benefit from baseline (6/30,
20.0%) to retest (7/29, 24.1%) χ 2 (df = 1) = 0.147, p = .701 (see Figure 2).

DISCUSSION
Two people with SD showed the typical pattern when relearning; they improved from
baseline to retest at naming the trained items but they did not improve their naming
of untrained items. The current study also measured the impact of phonemic cueing
before and after relearning and, although phonemic cueing has very little, if any, facilitative effect on spontaneous naming in SD (Corbett, Jefferies, & Lambon Ralph, 2008;
Jefferies & Lambon Ralph, 2006; Jefferies et al., 2008), this study found cueing to have
more of an effect after relearning than before.
The Complementary Learning Systems (CLS) theory (McClelland et al., 1995) provides a useful framework for interpreting the results of previous relearning studies and
the results of the current investigation. The CLS theory suggests that there are separate but interactive brain regions involved in learning: a medial temporal lobe (MTL)
system and a neocortical system. Although these two systems are hypothesised to be
highly interactive, there is a wealth of evidence to show that each system represents
information in a different way and therefore serves a distinct function in learning.
Specifically, the representations formed in the MTL system are sparse and, consequently situations that differ only slightly may share relatively little representational
overlap (Marr, 1969; McNaughton & Morris, 1987; Randall & James, 1994). This
allows for specific pieces of information to be captured quickly and stored relatively
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independently from other memories (so it is possible to distinguish between two very
similar but different recent episodes) but, as a consequence, it does not allow for similarities between different items or experiences to be captured. Damage to this region
leads to impaired learning of new information (anterograde amnesia) but does not
interfere with existing stores of semantic knowledge (Scoville & Milner, 1957). Such
distributed representations license appropriate generalisations based on the deeper
semantic structure and not on the basis of surface features and the learning context
(Lambon Ralph, Sage, Jones, & Mayberry, 2010; Lambon Ralph & Patterson, 2008;
McClelland et al., 1995).
Previous SD relearning studies have found that people with SD are able to relearn
the specific information that they study but this relearning is very rigid. Specifically,
there has been very little generalisation of the relearned information to untrained items
or untrained tasks ( Frattali, 2004; Graham, Patterson, Pratt, & Hodges, 1999, 2001;
Snowden & Neary, 2002) and the relearning has been highly dependent on contextual
cues (Bier et al., 2009; Graham, Patterson, Pratt, & Hodges, 1999, 2001; Robinson
et al., 2009; Snowden & Neary, 2002). These studies have interpreted such findings to
mean that there is an increased reliance on the rigid MTL learning system and less
interaction with the damaged semantic system (Graham, Patterson, Pratt, & Hodges,
1999, 2001; Snowden & Neary, 2002).
The current results further support the view that there is a shift away from the normal interaction of the two learning systems in SD. If the degraded (cortical) semantic
system was making a considerable contribution to relearning then one might expect
the same performance factors to show up in the relearning results. However, finding an
increase in the effect of phonemic cueing following relearning suggests that the factors
that influence naming following relearning may have changed. Future studies would
need to determine whether the impact of any other factors has changed. The results
of the current study provide the first hint that this may be the case.
It is possible, however, that the specific relearning paradigm used in the current
study encouraged episodic rather than semantic learning. Asking the participants to
link a particular label to a particular picture could be achieved through the build-up
of sparse hippocampal representations and therefore may not require the participants
to fully engage the semantic system in the relearning. Future relearning studies might
explore whether or not paradigms that include multiple exemplars of the concepts
and/or information from multiple sensory modalities (e.g., using real items as well
as pictures, carrying out different tasks with the objects/pictures etc.) can encourage
further semantic engagement in the relearning in order to lead to better outcomes.
Although there may be a shift in the division of labour as a result of relearning, this does not necessarily mean that the degraded neocortical semantic system
is entirely uninvolved. In fact there is some evidence that the semantic system is still
engaged when people with SD relearn. The first source of evidence comes from nonrelearning studies which have shown that concepts are not lost wholesale in SD but
rather the representations deteriorate in a graded fashion and continue to engage in
semantic tasks (Hodges, Graham, & Patterson, 1995; Rogers et al., 2004; Warrington,
1975). Second, SD participants demonstrate better relearning of names for which they
have more baseline conceptual knowledge (Graham et al., 2001; Jokel et al., 2006;
Snowden & Neary, 2002) and more recent studies have demonstrated that, if tested
with the right set of materials, people with SD overgeneralise as well as undergeneralise
the relearned information (Mayberry, Sage, Ehsan, & Lambon Ralph, 2011). While
undergeneralisation could be explained by an over-reliance on the MTL learning
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system (e.g., Graham, Patterson, Pratt, & Hodges, 1999, 2001; Snowden & Neary,
2002), the sparse representations built up in this system would not allow for generalisation (or the overgeneralisation) which has now been demonstrated (Mayberry et al.,
2011). When all of these studies are considered together, the emerging conclusion is
that there continues to be an interaction between the two learning systems but that the
division of labour is shifted more towards the intact MTL system and away from the
ATL semantic component during relearning in SD.
The results of the current study suggest that cueing could be a useful way to measure
which items were beginning to respond to training but had not yet received sufficient training to support (uncued) spontaneous naming. If this were the case, then
this would suggest that cueing could be used as an indicator for additional training.
However, those concepts that respond to phonemic cueing are likely to be supported
by a rigid, episodic learning system and therefore generalisation may still be limited.
Future relearning studies might consider ways not only of boosting the degraded concepts themselves but also of shifting the division of labour back towards its normal
balance, possibly through more interactive, multimodal learning paradigms.
Manuscript received 18 February 2011
Manuscript accepted 22 March 2011
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