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Abstract
This study investigated whether a treatment programme for spoken word
retrieval, supplemented with written naming, was beneficial for an individual
with right-hemisphere dominant semantic variant of PPA (svPPA). Assessment
and treatment were delivered remotely through Skype. Treatment consisted of
two phases of lexical retrieval therapy (Repetition and Reading in the Presence
of a Picture: RRIPP), with and without written responses (Phases 1 and 2
respectively), and a third treatment phase based on the procedures of
Conceptual Enrichment (COEN) therapy.
The first two phases of treatment resulted in short-lasting improvements
in spoken and written word retrieval, with greater improvement in Phase 2
when written production was also required. Both treatment phases resulted in
gains only for treated items, but generalised to different depictions to those
treated. However, Phase 2 also resulted in significant improvement of treated
items on a comprehension task. COEN treatment did not result in significant
gains in word retrieval or comprehension.
This study reinforces the value of a simple lexical retrieval treatment
delivered remotely. It adds to the current evidence that anomia in svPPA can be
responsive to treatment, but also shows that challenges remain regarding
maintenance effects and the generalisation of treatment effects to connected
speech.

Keywords: Semantic variant PPA (svPPA); Semantic Dementia; Treatment;
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Introduction
Primary progressive aphasia (PPA) is a clinical dementia syndrome resulting
from neurodegenerative disease, either frontotemporal lobar degeneration or
Alzheimer Disease pathology (Gorno-Tempini et al., 2011). The diagnosis of PPA
is given when language impairment forms the most prominent symptom, while
other cognitive functions such as episodic memory and visuo-spatial skills are
still relatively intact (Mesulam, 2001; 2003).
International classification criteria for PPA distinguish three variants of
PPA (Gorno-Tempini et al., 2011): a nonfluent/agrammatic variant (nfvPPA), a
logopenic variant (lvPPA) and a semantic variant (svPPA). Word finding
difficulties arise in all three PPA subtypes, although lexical retrieval impairment
is not prominent in the early stages of nfvPPA (Henry, Rising, DeMarco, Miller,
Gorno-Tempini, & Beeson, 2013). Depending on the subtype, speech may be
fluent or nonfluent, and syntax, phonology, and semantics may also be impaired
to varying degrees.
The semantic variant of PPA (svPPA), also known as semantic dementia
(Hodges, Patterson, Oxbury, & Funnell, 1992; Snowden, Goulding, & Neary,
1989), is characterised by gradual degradation of semantic knowledge causing
severe anomia and impaired single-word comprehension, with relative sparing
of other components of language such as syntax and phonology (Hodges et al.,
1992). Reading aloud in svPPA usually shows characteristics of surface dyslexia,
with regularisation errors for irregular words (i.e., “comb” read as /kɒmb/,
Hodges et al., 1992).
In the context of mostly preserved cognitive skills including episodic
memory and attention, individuals with PPA may be suitable candidates for
4

language therapy. Indeed, despite the progressive nature of the condition, the
language impairment in PPA can be responsive to treatment, including for
individuals with svPPA (e.g., Croot, Nickels, Laurence, & Manning, 2009; Green
Heredia, Sage, Lambon Ralph, & Berthier, 2009; Henry, Beeson, & Rapcsak, 2008;
Henry et al., 2013; Jokel, Graham, Rochon, & Leonard, 2014; Meyer, Tippett, &
Friedman, 2016; Newhart, Davis, Kannan, Heidler-Gary, Cloutman, & Hillis, 2009;
Snowden & Neary, 2002). Anomia intervention can result in immediate gains for
word retrieval of treated words, and the treated words seem to be somewhat
protected from the deterioration associated with PPA (Jokel, Rochon, & Leonard,
2006; Meyer, Tippett et al., 2016). These gains, and their restriction to treated
items, highlight the importance of choosing personally relevant items for
treatment in the context of a progressive disease.
Even though the immediate benefits of anomia treatment for svPPA have
been reported in a number of studies, challenges remain regarding
generalisation to the use of treated words in a context outside of therapy (Croot
et al., 2015; Savage, Piguet, & Hodges, 2014): Many studies of svPPA have
reported effects of treatment to be restricted to treated exemplars and contexts
(Jokel et al., 2014). Snowden and Neary (2002), for example, found that
improved naming of treated items disappeared when the order of items changed,
which suggests treatment effects may have been the result of a form of rote
learning, without the involvement of the semantic memory system (Bier et al.,
1999). However, later studies did find that improved naming of target items
could generalise to some degree to different versions of these items (e.g., “near
transfer”: Subedi, 2004, cited in Savage et al., 2014). For example, generalisation
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has been found to different pictures of the same items or pictures taken from a
different angle (e.g., Green Heredia et al., 2009; Jokel et al., 2010).
In contrast, generalisation to a different context outside picture naming
(“far transfer”, Savage et al., 2014) has been more limited, with some
generalisation to related tasks such as a video description task or a word
comprehension task using treated items. Following anomia treatment, Savage et
al. (2014) investigated generalisation to two different comprehension tasks: a
word-picture verification task, and a “household request task”, where actions
had to be performed using treated items. They found improvements on the
untreated tasks, however these varied according to the severity of the
impairment of their five participants: only the two milder individuals showed
better comprehension of treated items when asked to perform an action with
these items on the request task. In contrast, only two of the individuals with
more severe impairment improved significantly on the word-picture verification
task, but Savage et al. pointed out that the two milder patients were closer to
ceiling on this task prior to treatment, making a significant improvement on this
task less likely.
Newhart et al. (2009) reported a treatment study with an individual with
svPPA, examining the effects of a cueing hierarchy therapy on a number of
different language tasks (oral and written naming as well as repetition, spelling,
reading comprehension and word picture verification), including items from
treated and untreated categories. Following treatment, treated items showed
improved naming and there was also somewhat less (non-significant)
deterioration of untreated items from the treated compared to untreated
categories. Furthermore, the authors argue the participant showed a small (non
6

significant) improvement on the word picture verification task, however this
result can not be considered strong evidence for generalisation as it is an
improvement of only 4 items (collapsed across categories), based on a
comparison of only one pre and one post-treatment assessment. No statistical
analyses were reported for a change in performance on any of the other language
tasks.
Jokel and Anderson (2012) included an evaluation of the effects of four
types of anomia treatment (errorfree vs. errorless learning, and passive vs.
active learning) on comprehension and recognition of treated items that were
not recognised at baseline assessment. They found an improvement in
comprehension of these items following all four treatment conditions to a similar
degree, showing that exposure to the item’s semantic information (through
picture exposure regardless of delivery form, i.e., with different degrees of
semantic and phonemic cues) improved the comprehension and recognition of
this item post treatment.
Apart from the studies described here, generalisation across tasks seems
difficult to achieve in the semantic variant of PPA (e.g., see Cadório, Lousada,
Martins, and Figueiredo (2017) and Jokel et al. (2014) for reviews). In the
current study we attempted to measure generalisation to a comprehension task
(word-picture verification) as well as transfer to connected speech using a
structured interview, with questions aimed at eliciting treatment target items
from treatment in a conversational setting. If naming treatment results in better
retrieval of treated items, Jokel and Anderson (2012)’s results suggest that
following treatment more treated items would also be comprehended and
produced in the experimental connected speech task.
7

In addition to generalisation across items and tasks, the maintenance of
the effects of treatment over a longer period of time also seem to be variable in
svPPA (Green Heredia et al., 2009; Savage, Ballard, Piguet & Hodges, 2013).
Different factors have been proposed that may predict an individual’s ability to
maintain improvement as well as produce generalisation. Suárez-González and
colleagues (2015; Suárez-González, Savage, & Caine, 2018) proposed that the
lack of generalisation to different contexts following treatment could be due to
fragile links between the items in treatment and an individual’s remaining
semantic memory network. Therefore, Suárez-González et al. suggested that
treatment should incorporate activities to restore this network, as this may be a
critical component in the process of generalisation.
Suárez-González et al. (2015) reported a comparison between standard
naming therapy (i.e., pairing the picture and word form of a treated item) and
conceptual enrichment (COEN) therapy. In COEN therapy, a target concept that
the individual is unable to name is ‘restored’ by placing it in a meaningful context
that makes use of remaining elements from the individual’s semantic network
(Suárez-González et al., 2018; see also d’Honincthun, Charpié Gambazza, and
Clarke, 2017).
To achieve this a treated item is presented together with two co-targets
(chosen together with the participant), that can assist in conveying the meaning
of the target item. For example, for individual VC (Suárez-González et al., 2015)
the co-targets for the target “olive” were a picture of a bottle of olive oil, and a
familiar and personally meaningful picture of an olive tree. Suárez-González et al.
(2015) found that when comparing results of COEN therapy with naming
therapy without co-targets, the improvements in naming were similar but COEN
8

therapy resulted in better naming of visually dissimilar pictures of the target
items, better naming to description and better spoken word definition using the
treated items (but not improved naming of untreated items). However, it has to
be noted that all these tasks were not administered prior to therapy, simply
compared after therapy across targets treated with and without COEN, therefore
it is not possible to establish whether the individual’s performance differed
across target sets on these tasks before treatment1. In a replication of this
method with another participant (Suárez-González et al., 2018), only the items
trained with COEN therapy were still significantly above pre-treatment baseline
performance at six weeks post-treatment whereas the items treated with the
standard naming treatment were no longer significantly different from baseline
performance (but there was no significant difference between the sets). The
authors interpreted this as a further indication that a focus on the broader
semantic network may not only enhance generalisation across tasks but also
support the maintenance of treatment effects. In the current study we further
investigated this hypothesis by comparing lexical retrieval therapy with a phase
of conceptual enrichment treatment.
Whilst most of the behavioural word retrieval intervention studies in PPA
have focused on spoken language, Meyer and colleagues (Meyer, Getz, Brennan,
Hu, & Friedman, 2016; Meyer, Snider, Eckmann, & Friedman, 2015; Meyer,
Tippett et al., 2016) examined the effects of both phonological and orthographic
treatments (i.e., presenting the picture with a spoken word form for repetition
vs. with the written form for reading aloud and copying) on oral and written

Baseline measures on these tasks are reported for the replication in Suárez-González et al.
(2018), with the participant at floor.

1
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naming, and a scene description task. Meyer, Tippett et al. (2016) found that
there was no difference between the phonological and orthographic treatments
in the amount of improvement shown in either spoken or written naming for a
group of five individuals with svPPA. This was despite the fact that written
production was not required in the phonological treatment. However, Meyer,
Getz et al. (2016) found that only the phonological treatment was effective for
another individual with svPPA. In light of this, and given that Meyer, Tippett et al
did not report individual data, we cannot be sure how far the lack of difference
between the treatment tasks is true of people with svPPA in general. Hence, we
wanted to build on this research and examine whether adding written responses
to a spoken language treatment would 1) result in greater improvement in
written naming and 2) support lexical retrieval of the spoken word form, and
thus result in larger treatment gains compared to spoken language treatment
only. Furthermore, in the context of the surface dysgraphia often reported in
svPPA (Gorno-Tempini et al., 2011), improved written naming may also be a
desirable outcome of treatment.
The study we report here used remote assessment delivered entirely over
Skype to investigate whether, first, a home treatment programme supplementing
a spoken word retrieval treatment with written naming was of benefit for an
individual with svPPA. Second, it investigated whether Conceptual Enrichment
(COEN) therapy (Suárez-González et al., 2015; 2018) resulted in larger treatment
gains than RRIPP naming treatment. The study had three phases, with similar
items treated in each phase. In the first, a lexical retrieval therapy with spoken
responses (Repetition and Reading in the Presence of a Picture: RRIPP; Croot et
al., 2015) was used and its effects examined on both spoken and written word
10

retrieval. The second phase also used RRIPP treatment but modified the
procedure to require both spoken and written responses to pictures presented
during therapy. This was to examine whether the additional written word
retrieval provided extra support for spoken word retrieval. In the third phase,
we investigated whether COEN therapy would lead to larger treatment gains in
spoken and written naming.
Below we describe the participant, DSN, and the methods and results of
the first two treatment phases using standard and modified forms of RRIPP,
followed by the methods and results used in the third phase of treatment using
COEN. Implications of DSN’s outcomes across all three phases are then discussed.

Case Report
DSN was a 60-year-old right-handed man who ran a small business from
home with his wife. He reported a two-year history of difficulty remembering
people’s names and retrieving words. Eighteen months prior to the study he was
officially diagnosed with svPPA by a neurologist. Magnetic Resonance Imaging
12 months post symptom onset revealed marked anterior temporal lobe atrophy
with a right sided predominance, highly suggestive of frontotemporal lobar
degeneration.
On the Addenbrooke’s Cognitive Examination (ACE-R; Mioshi, Dawson,
Mitchell, Arnold, & Hodges, 2006) DSN scored 68/100, with impairments across
the memory and language domains. Further language assessment showed that,
consistent with the diagnosis of semantic dementia, DSN had fluent expressive
language with impaired word retrieval and single word comprehension (see
Table 1). He scored below controls on the Boston Naming Test (Kaplan,
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Goodglass, & Weintraub, 1983) and on the naming subtest from the
Comprehensive Aphasia Test (CAT; Swinburn, Porter, & Howard, 2004; see Table
1). His naming errors mostly consisted of semantic and visual errors (rhinoceros
à hippopotamus; pyramid à tent), and no responses. On the spoken and
written comprehension subtests from the CAT, DSN performed below the control
cut-off.
DSN’s spelling performance was assessed using subtests from the Johns
Hopkins Dysgraphia Battery (Goodman & Caramazza, 1985). DSN showed
characteristics of spelling impairment which could be categorised as surface
dysgraphia, with phonologically plausible spellings for irregular words (leopard
à lepperd; sugar à shooger), as well as an effect of frequency in spelling, but no
effect of length. The nature of DSN’s spelling impairment is consistent with the
pattern of surface dysgraphia most commonly reported in svPPA, which is a
supportive criterion for the diagnosis of svPPA (Gorno-Tempini et al., 2011).

Table 1
Pre-treatment language assessment
Task

Max score

Cut-off
score 1 %

DSN %

Spoken words (CAT)

30 2

83

73 *

Written words (CAT)

30 2

90

80 *

Boston Naming Test (BNT)

60

73.5

28 *

Naming objects (CAT)

48 2

90

58 *

n/a

13 items

36 items

Comprehension

Spoken Naming

Spoken Production
Word fluency (CAT)

12

Spoken picture description (CAT) 3

n/a

score: 33

score: 47

Word repetition (CAT)
- simple words

32 2

91

100

- complex words

62

83

67 *

Written production
Written picture description (CAT)

n/a

score: 19

score: 11 *

Letter names to dictation

26

n/a

100

Non-word spelling (PALPA 45)

24

n/a

67

- 3 letters

6

61.2

67

- 4 letters

6

49.5

67

- 5 letters

6

46.2

67

- 6 letters

6

34.3

67

110

n/a

Word spelling: JHU PGC Probability

83

- High PGC probability

30

-

87

- Low PGC probability

80

-

81

- High Frequency

55

-

93

- Low Frequency

55

-

73

Effect of PGC probability: Fisher exact, z = 0.38, p = .350 one-tailed
Effect of frequency: Fisher exact, z = 2.51, p = .006 one-tailed

Word spelling: JHU Length &
Frequency

70

- 4 letters
- 5 letters
- 6 letters
- 7 letters
- 8 letters
- High Frequency

n/a

74

14

-

64

14

-

71

14

-

86

14

-

71

14

-

79

35

-

86

35

-

63

- Low Frequency
Effect of length: Jonckheere Trend Test, z = -0.67, p = .251 one-tailed
Effect of frequency: Fisher exact p = .027 one-tailed
BNT = Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983); CAT = Comprehensive
Aphasia Test (Swinburn, Porter, & Howard, 2004); JHU = Johns Hopkins University Dysgraphia

13

Battery (Goodman & Caramazza, 1985); PALPA = Psycholinguistic Assessments of Language
Processing in Aphasia (Kay, Lesser, & Coltheart, 1992). PGC = Phoneme-Grapheme-Conversion.
1

Cut-off scores are >2 standard deviations below the mean of controls. For the CAT subtests cut-

off scores indicate a score that 95% of the control sample exceed.
* score indicates impairment (below cut-off).
2 This CAT subtest gives a score of 2 (immediate correct response) or 1 (self correction or >5

seconds delayed correct response). Therefore ‘n’ reflects maximum score here, which is twice the
actual number of items.
3 This task was not part of the initial assessment but was administered in a separate session after

treatment was completed.

As DSN lived a considerable distance from the study centre all
assessments and treatment were conducted via Skype. In the context of his
clinical management, a year and a half prior to the current study, DSN had been
involved in anomia therapy using pictures with spoken and written word labels
carried out as a home programme developed by a speech language pathologist
with expertise in treatment of PPA using the RRIPP methods described in Croot
et al. (2015). DSN’s spouse was engaged in DSN’s clinical management and
assisted with the organisation of the Skype assessment sessions and the
treatment programme.

Treatment Phases 1 & 2
Method
Task. Treatment in Phases 1 and 2 consisted of Repetition and/or
Reading In the Presence of a Picture (RRIPP, Croot et al., 2015) with personally
chosen items, carried out as a home programme using PowerPoint, presented in
standard spoken form in Phase 1, and modified to include written as well as
spoken responses in Phase 2. Table 2 summarises the treatment timeline.
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Phase 1 used RRIPP as a spoken lexical retrieval treatment with 40 items.
Each treatment session started with a slide outlining the instructions for
practice. DSN was informed that each item was presented on a PowerPoint slide
together with the item’s name written below, and an audio file that automatically
played the spoken form. DSN was asked to repeat/read the item name aloud (i.e.
he gave spoken responses only during RRIPP in this treatment phase). After five
seconds the slide was automatically replaced by a blank slide. By pressing a key
DSN could proceed to the next item. Each item was practised twice per session
(i.e., 80 target slides per session), each session taking no more than 10 minutes.
There were five practice sessions a week over a period of two weeks.
In Phase 2, a different set of 40 items were treated. In this phase, the
RRIPP procedures were supplemented with copying the written name. The
presentation of items was similar to the first phase, except that DSN was also
asked to write down the name of the picture after studying the picture and
repeating/reading the spoken name (i.e., he was asked to give both spoken and
written responses in this treatment phase). As the slide with the picture and
word form disappeared after 5 seconds, writing may have been completed
without the word form present. As before, each item was presented twice per
session (80 target slides), and treatment consisted of five sessions per week for
two weeks. Following this phase, written response sheets from treatment were
scanned and sent by email to the examiner by DSN’s wife.
To prevent rote learning of a fixed order of pictures, for each phase of
treatment five different versions of stimuli were created varying the order of
items. All materials were sent electronically to DSN’s spouse prior to treatment,
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including detailed instructions about the procedure of treatment, and discussed
with her prior to treatment starting.
Materials. A set of 120 personally relevant items was chosen based on
informal conversation with DSN and his spouse. Items from different categories
that DSN particularly wanted to work with were selected. This included items
that DSN could no longer name, items he could name on some occasions but not
consistently, and some items he named correctly on all assessments. Items were
mostly single word common nouns, varying in length from 3 to 10 letters, with
the exception of three proper nouns (e.g., the name of their home town), and 11
two-word phrases (e.g., “saddle cloth” used for horses). Items were related to
different topics relevant to their daily lives: food (n=43, e.g., apple, broccoli),
animals (n=33, e.g., pig, elephant), horse riding (n=20, e.g., reins, saddle), and a
group of mixed items that did not fit into a single category (n=24, e.g., kayak,
scarf, violin, the name of their home town). In order to facilitate and test
generalisation beyond a single depiction, three different picture exemplars were
collected for each item. One picture was used in all tasks at assessment, and the
two remaining (different) exemplars were exclusively used during treatment.
The 120 items were randomly allocated to three sets of 40 items each.
The three sets were then adjusted (by swapping items between sets) so that they
were matched on accuracy at Baseline 1 and 2 on all assessment tasks (naming,
word-picture verification and retrieval in an interview), and so the different
categories were divided equally between the three sets.2 One set was treated in

The sets were also approximately matched for frequency from the CELEX database (Baayen,
Piepenbrock, & van Rijn, 1995). However standard database frequency values did not seem to be
the appropriate measure of frequency for personally chosen items: e.g., some of the words from
the horse riding category (e.g., girth or reins) are relatively low frequency, however in DSN’s
work these words were used on a daily basis. Items could not be matched for regularity of

2
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the first phase of RRIPP treatment (Set S: Spoken), the second set was treated in
the second phase of treatment (Set SW: Spoken and Written), and the third set
consisted of untreated items (Set C: Control).
Baseline assessment. All 120 items were tested on three pre-treatment
assessments (each 2 weeks apart) conducted via Skype using four different
tasks: spoken and written picture naming, a structured interview, and a pictureword verification task. The same random order of items within the tasks was
used in all assessment sessions, and the tasks were presented in the same order
in each session. See Table 2 for an overview of the timeline.
In the naming task, DSN was presented with a picture in the middle of the
screen without a time limit. After attempting to name the item orally he was also
required to write the name down. No feedback was given. Response sheets for
written naming were sent to the experimenter by DSN’s wife after each
assessment session.
The structured interview was designed to elicit the treatment items in a
relatively natural conversational context. The interview questions targeted the
words from the food, animals, and horse riding categories. Questions were
designed to elicit as many items from these categories as possible. Examples of
questions from these categories were ‘What type of vegetables do you grow at
home?’ (food category), ‘If you have dinner at home, what do you drink with
dinner?’ (food category), ‘If you are making a trip to the zoo, what type of

spelling, however, the regular (e.g., cat) and irregular/inconsistently spelled items (e.g., leopard)
were divided approximately equally between the sets, although most items were (partly)
irregular in spelling. Comparing the regularity values from N-Watch (Davis, 2005) there was no
significant difference in mean regularity of items across sets (two sample t-tests, p’s > .30).
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animals can you find there?’ (animal category), ‘What kind of gear do you need to
prepare a horse for riding?’ (horse category).
In the picture-word verification task DSN was shown a picture with either
a corresponding or a non-corresponding name that was written below and
presented auditorily. DSN had to decide whether the picture matched the
written/auditory name provided. Each item was presented once with its correct
name (e.g., picture of an apple with the word apple), and once with a
semantically related name (e.g., picture of an apple with the word orange),
resulting in 240 trials in each session.
The same four tasks were administered twice after Phase 1 of treatment
and three times after Phase 2 of treatment. Post-tests took place within two days
of the last treatment session. The two post-tests after Phase 1 served as Baseline
assessments for Phase 2 of treatment.

Table 2
The timeline of treatment Phases 1, 2 & 3
Week
Description
number

Tasks

1

Baseline 1.1

Naming, interview, verification

3

Baseline 1.2

Naming, interview, verification

5

Baseline 1.3

Naming, interview 1

6&7

Treatment Phase 1:
Spoken naming

10 practice sessions with Set S (40
words)

7
9

Post-test 1.1 / Baseline
2.1
Post-test 1.2 / Baseline
2.2

Naming, interview, verification
Naming, interview, verification

18

10 & 11

Treatment Phase 2:
Spoken & Written
naming

10 practice sessions with Set SW

11

Post-test 2.1

Naming, interview, verification

13

Post-test 2.2

Naming, interview, verification

15

Post-test 2.3

Naming, interview, verification

33 / 1

Baseline 3.1

Naming, interview, verification

35 / 3

Baseline 3.2

Naming, interview, verification

36 & 37
/4&5

Treatment Phase 3:
Conceptual Enrichment
(COEN)

10 practice sessions with Set C (40

37 / 5

Post-test 3.1

Naming, interview, verification

39 / 7

Post-test 3.2

Naming, interview, verification

1 Due

(40 words)

words)

to time constraints no verification data was collected at Baseline 3.

Analysis. To measure the results of Phase 1, the three baseline
assessments and two post-tests were included. The analysis for Phase 2 included
the two assessments that were post-tests for Phase 1 as baselines, and three
post-test assessments.
The effect of treatment was evaluated using Weighted Statistics (WEST;
Howard, Best, & Nickels, 2015). We first investigated whether there was an
overall trend for improvement over each of Phases 1 and 2 (WEST-Trend, twotailed). We did this in two ways, first examining the trend from the baseline to
the first post-test (“Trend A”: Weights Phase 1: -3, -1, 1, 3; Weights Phase 2: -2, 0,
2), and second from the baseline to the second post-test (“Trend B”: Weights
Phase 1: -4, -2, 0, 2, 4; Weights Phase 2: -3, -1, 1, 3). If the treatment improved
performance but this was transient, the first analysis would be predicted to show
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a trend but the second may not. We then examined whether any trend for
improvement was a result of the treatment specifically by comparing the rate of
change (ROC) during the period of treatment to the rate of change in the period
without treatment (baseline to final post-test; WEST-ROC, one-tailed, Weights
Phase 1: 2, -1, -4, 3, 0; Weights Phase 2: 0, -3, 4, 1, -2). Furthermore, we
investigated two-week maintenance of treatment results by comparing the
highest baseline performance prior to the treatment phase with the second posttest using McNemar tests.
In treatment of non-progressive aphasia and also in some studies of PPA
treatment, the effect of treatment is considered to be significant when both the
WEST-Trend and WEST-ROC comparisons result in a significant effect (e.g.,
Krajenbrink, Nickels, & Kohnen, 2017; Croot et al., 2015). However, in the
context of decline associated with a degenerative disease, a period without
treatment may result in declining performance, and under these conditions
stable performance over the course of treatment could also be considered a
positive outcome (e.g., Rapp & Glucroft, 2009).

Results Treatment Phase 1 and Phase 2
DSN completed all 10 sessions of the first phase of therapy (spoken
output). He missed one of the final sessions of the second phase of therapy
(spoken and written output) most likely due to his wife’s absence during the
final stages of the treatment.3 The response sheets for written naming showed a

Furthermore, for this phase the post-test occurred on the day of the last practice session, rather
than a day later.

3

20

high spelling accuracy, with only an occasional spelling mistake in each
treatment session (i.e., ≤2/80 errors per session).
Spoken and written naming. In the spoken modality, DSN’s errors
mostly consisted of semantic errors (e.g., pear à lemon, on average 76% of
errors at baseline) and no specific responses (“ah, one of those ones”, or “don’t
know”, 13% of errors). Errors in written naming were correct spellings of the
same semantic error given in the spoken modality (e.g., pear à lemon, on
average 42% of errors at baseline), a spelling error on a correct name (e.g.,
pencil à pensil, 25% of errors), a combination of the two (i.e., a semantic error
then spelling error, e.g., sheep à woolf, 14% of errors), or no specific response
(10% of errors).
Figure 1 depicts DSN’s accuracy for spoken and written naming of the
three different sets (Set S, which was treated in Phase 1 with a standard form of
RRIPP with spoken responses, Set SW, treated in Phase 2 with RRIPP modified to
also require copying of the picture name, and the control Set C, not treated in
these first two phases of the study). Table 3 summarises the WEST statistics.
First, we investigated whether performance improved across each study
phase (WEST-Trend). Then, to investigate whether any benefit from treatment
suggested by the WEST-Trend analyses could be attributed to treatment, the rate
of change during the period of treatment was compared to the rate of change in
periods without treatment.
In Phase 1 of treatment (RRIPP with only spoken production), there was
a significant trend for improvement in both spoken and written naming for the
treated Set S (both immediately, Trend A, and at Post-test 1.2, two weeks later,
Trend B), but not for the untreated sets SW and C. However, the improvement in
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spoken naming of Set S was not greater during this period of treatment
compared to the periods without treatment (WEST-ROC): As can be observed in
Figure 1, the slope across treatment is only slightly steeper than the slope across
the baseline for spoken naming. In contrast, written naming of Set S did show
significantly greater improvement in the treatment period.
Across Phase 2 (RRIPP with spoken and written production) there was a
significant trend for improvement in spoken and written naming, both
immediately and two weeks later at Post-test 2.2, for the treated set SW but not
the untreated sets S and C. Both written and spoken naming of the treated Set
SW also showed significantly greater improvement during this period of
treatment compared to periods without treatment (WEST-ROC), whereas Sets S
and C that were untreated in this phase showed no significant change.
In order to examine which phase of treatment was more effective for
written naming, we first compared the amount of improvement (WEST-ROC
coefficients for each item) for Set S, when it was treated in Phase 1 versus when
it was not treated in Phase 2, and the same for Set SW, treated in Phase 2 versus
not treated in Phase 1. DSN improved more for Set SW in the period when it was
treated, whereas the difference between treated and untreated periods for Set S
only approached significance (related t-tests, one-tailed: Set S: t(39)=1.39,
p=.086; Set SW: t(39)=2.68, p=.005).
We then examined whether treatment produced more improvement in
Phase 1 compared to Phase 2 for the items treated in that phase: the rate of
change for the treated sets from Phase 1 (Set S) and Phase 2 (Set SW)
approached significance in the spoken modality only (two-sample t-tests, twotailed: spoken naming: t(78)=1.96, p=.053; written naming: t(78)=1.07, p=.287,
22

two-tailed): for spoken naming the size of the treatment effect showed a trend to
being larger in Phase 2 which required both spoken and written production
compared to Phase 1 which required only spoken production.
Figure 1 shows that accuracy in both modalities declined when treatment
stopped. A comparison of the highest baseline score with the second post-test of
each phase showed that performance was significantly improved in the written
modality and only for Phase 2 (McNemar’s test, two-tailed, p=.031), but this was
not maintained at the time of the third post-test (McNemar’s test, two-tailed,
p=.359). No significant maintenance of improvement over baseline was found for
either spoken or written modality in Phase 1 nor for the spoken modality of
Phase 2 (McNemar’s test, two-tailed, all p>.124).
The untreated control items did not show a significant trend for
improvement or decline across the study phase in either spoken or written
naming, but remained stable over the period of the study (see Figure 1).
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Figure 1. Naming accuracy of individual sets throughout Phase 1 & 2. Shaded
areas signify when treatment occurred: Light areas indicate Phase 1 with Set S
(RRIPP with spoken output), darker areas indicate Phase 2 with Set SW (RRIPP
with spoken and written output).
24

Table 3. Spoken and written naming Phase 1, 2 & 3: Results of Weighted Statistics examining the Trend (WEST-Trend) and comparison of
Rate Of Change between treatment and no treatment periods (WEST-ROC)
WEST-Trend A

WEST-Trend B

WEST-ROC

Spoken Naming

Written Naming

Spoken Naming

Written Naming

Spoken Naming

Written Naming

t

t

p

t

p

t

p

t

p

t

p

p

Phase 1: RRIPP with spoken production (Set S)
Set S (n=40)

2.85

.007 **

2.91

.006 **

2.06

.046 *

2.82

.007 **

1.11

.138

1.73

.046 *

Set SW (n=40)

-0.15

.878

0.00

1.00

-0.90

.376

0.18

.860

-0.09

.537

-0.41

.659

Set C (n=40)

1.10

.279

1.57

.124

0.65

.520

0.93

.360

-0.80

.428

-0.39

.652

Phase 2: RRIPP with spoken and written production (Set SW)
Set S (n=40)

-2.22

.032 +

-1.00

.323

-2.24

.031 +

-0.88

.387

0.16

.438

0.00

1.000

Set SW (n=40)

3.36

.002 **

3.85

<.001 ***

3.16

.003 **

3.58

.001 **

3.82

<.001 ***

3.58

<.001 ***

Set C (n=40)

-0.37

.711

-0.70

.323

0.30

.767

-0.58

.562

-1.07

.291

-1.03

.308

Phase 3: COEN treatment (Set C)
Set S (n=40)

0.44

.660

1.96

.058

1.21

.232

2.16

.037 *

-0.80

.785

0.36

.359

Set SW (n=40)

0.57

.570

1.00

.323

2.02

.050

1.86

.035 *

-1.83

.963

-0.40

.656

Set C (n=40)

2.62

.012 *

4.09

<.001 ***

1.36

.183

3.05

.004 **

0.95

.175

1.30

.101

Note. The shaded cells indicate significant improvement. Set S = treated set from Phase 1; Set SW = treated set from Phase 2; Set C = treated set from Phase 3.
WEST-Trend A includes baseline performance and the first post-test. WEST-Trend B includes baseline performance and two post-tests. WEST-Trend p-values are
two-tailed; WEST-ROC p-values are one-tailed. * p < .05; ** p < .01; *** p < .001.
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Word-picture verification. Figure 2 displays DSN’s accuracy on the
word-picture verification task throughout the first two phases of the study, for
the trials with correct word-picture combinations (apple-apple: ‘yes-trials’), the
distractor trials (apple-orange: ‘no-trials’) (n=80 items in total in each set) and a
summed score of the two trials per item. Table 4 provides a summary of the
WEST statistics for the summed scores. At the two baseline assessments DSN
performed significantly above chance for both yes- and no-trials (Binomial tests,
p<.001). There was no significant trend for improvement for any set in Phase 1,
but Sets S and SW showed a significant trend for improvement (both
immediately and 2-weeks later) in Phase 2. In addition, Set SW showed
significantly greater improvement in Phase 2 during the treated period
compared to untreated periods on the task overall, as Figure 1 shows, this was
driven by the change in ‘no trials’, indicating that the second phase of treatment
resulted in an improved ability for DSN to reject incorrect word-picture
combinations (e.g., apple-orange). No other set showed significant differences in
improvement across treated and untreated periods in either Phase 1 or Phase 2.
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Figure 2. Word-picture verification accuracy throughout Phase 1 & 2. Shaded
areas signify when treatment occurred: Light areas indicate Phase 1 with Set S
(RRIPP with spoken output), darker areas indicate Phase 2 with set SW (RRIPP
with spoken and written output). Note that no verification data was collected at
Baseline 3 (see Table 2).
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Table 4. Word-picture verification data Phase 1, 2 & 3: Results of Weighted Statistics examining the Trend (WEST-Trend) and comparison of
Rate Of Change between treatment and no treatment periods (WEST-ROC)
West-Trend A
t

West-Trend B
p

West-ROC

t

p

t

p

Phase 1: RRIPP with spoken production (Set S)
Set S (n=40)

0.00

1.00

0.84

.406

-0.46

.651

Set SW (n=40)

0.77

.446

0.91

.370

-0.49

.629

Set C (n=40)

1.03

.311

1.34

0.189

1.16

.253

Phase 2: RRIPP with spoken and written production (Set SW)
Set S (n=40)

1.14

1.00

2.31

.355

0.44

.200

Set SW (n=40)

3.61

.006 **

2.42

.022 *

3.28

.011 *

Set C (n=40)

-0.57

.323

-0.49

.543

0.66

.935

Phase 3: COEN treatment (Set C)
Set S (n=40)

0.00

1.00

0.08

.939

0.32

.376

Set SW (n=40)

-0.37

.711

-0.12

.903

1.70

.049 *

Set C (n=40)

3.59

.001 **

3.19

.003 **

1.67

.052

Note. The shaded cells indicate significant improvement. Set S = treated set from Phase 1; Set SW = treated set from Phase 2; Set C = treated set from Phase 3.
WEST-Trend A includes baseline performance and the first post-test. WEST-Trend B includes baseline performance and two post-tests. WEST-Trend p-values are
two-tailed; WEST-ROC p-values are one-tailed. * p < .05; ** p < .01.
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Structured interview. For this task, we counted the number of items that
DSN produced in answer to the questions at each assessment point. Note that
questions targeted the categories of animals, food, and horse riding only, as these
were the categories containing a large number of items in the experimental
stimuli (33 animal items, 43 food items, 20 horse riding items; total of n=96
items, 32 items in each set). We report how many items from the stimulus sets
were produced, as well as any additional items that would fall in the same three
categories. For example, in response to the question about which type of
vegetables and fruit you can grow at home, DSN included “limes” in his answer,
which is a correct response, but this word was not part of the food category in
the experimental stimuli and was thus counted as an additional item.
The results of the interview are summarised in Figure 3 and Table 5
summarises the WEST statistics. Across Phases 1 and 2 of the study there was no
significant trend for improvement either immediately after treatment or two
weeks later. The improvement of Set S in Phase 1 was significantly greater in the
period of treatment compared to the period without treatment, however
considering the absence of a trend for improvement in this phase and the stable
pattern of performance in other untreated sets, this effect is more likely to reflect
falling baseline performance (see Figure 3).
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Figure 3. Number of items produced in interview task throughout Phase 1 & 2. Shaded
areas signify when treatment occurred: Light areas indicate Phase 1 with Set S (RRIPP
with spoken output), darker areas indicate Phase 2 with set SW (RRIPP with spoken and
written output). Note that the total number of target items is 32 items in Set S, SW and
Set C (total of 96 items), but the Extra items are from a pool of indeterminate size.
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Table 5. Interview data Phase 1, 2 & 3: Results of Weighted Statistics examining the Trend (WEST-Trend) and comparison of Rate Of Change
between treatment and no treatment periods (WEST-ROC)
WEST-Trend A
t

WEST-Trend B
p

WEST-ROC

t

p

t

p

Phase 1: RRIPP with spoken production (Set S)
Set S (n=40)

0.78

.44

-0.24

.81

2.24

.016 *

Set SW (n=40)

0.68

.50

-0.31

.76

0.61

.274

Set C (n=40)

-1.27

.21

-0.55

.59

-0.81

.789

Phase 2: RRIPP with spoken and written production (Set SW)
Set S (n=40)

-2.67

.01 +

-1.99

.06

-0.37

.642

Set SW (n=40)

-0.81

.42

-0.85

.40

0.84

.41

Set C (n=40)

1.79

.08

1.03

.31

0.12

.451

Phase 3: COEN treatment (Set C)
Set S (n=40)

-0.44

.662

-1.02

.317

-0.94

.823

Set SW (n=40)

0.76

.452

3.05

.005 **

-1.02

.841

Set C (n=40)

0.57

.572

1.07

.295

0.37

.356

Note. The shaded cells indicate significant improvement. Set S = treated set from Phase 1; Set SW = treated set from Phase 2; Set C = treated set from Phase 3.
WEST-Trend A includes baseline performance and the first post-test. WEST-Trend B includes baseline performance and two post-tests. WEST-Trend p-values are
two-tailed; WEST-ROC p-values are one-tailed. * p < .05. ** p < .01. + = significant trend but in the opposite direction (performance decreased).
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Summary of results for Phases 1 and 2
Spoken and written naming
Both phases of RRIPP treatment resulted in improvement in spoken and
written picture naming for treated items. While spoken naming of treated items
improved in Phase 1 where only spoken production was required, this was not
significantly greater in the across the treated period than the period without
treatment, providing little evidence for treatment-specific effects. In contrast,
Phase 2, where DSN was required to both say and write the target, produced
clear treatment-related improvement in spoken naming of treated items. The
larger gains across Phase 2 (RRIPP requiring spoken and written production)
were close to significantly greater than those of Phase 1 (RRIPP requiring only
spoken production).
For written naming there was evidence for treatment-related
improvement in both Phase 1 and Phase 2, and no significant difference in the
strength of this improvement. Hence, written naming of treated items also
improved when writing was not an active part of treatment: in the first phase of
treatment DSN did not write the picture name, although the written picture
name was always included in the presentation of the stimulus in RRIPP
treatment.
The pictures of the treated items that were used in assessment were
different to those in DSN’s treatment materials, and consequently we have clear
evidence for generalisation across different picture exemplars. This indicates
that the treatment resulted in an improvement of the lexical retrieval process,
rather than simply learning the association between a word and a specific visual
representation.
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Word-picture verification
The comprehension task (word-picture verification) also showed
treatment-related improvement, but only in Phase 2 for treated items. This
seemed to reflect an improved ability to reject incorrect word-picture
combinations (apple-orange).
Structured interview
In the structured interview task, the greater improvement in the retrieval
of treated items in Phase 1 reflected the falling baseline (there was no overall
improvement in the WEST-trend). In the Introduction, we noted that in a
progressive disorder improvement during the treatment phase, but no overall
gain in the level of performance, could nevertheless provide evidence for
treatment-related improvement. However, given that DSN showed no decline
across baseline in the untreated sets, it is more likely that the falling baseline
was due to variability in performance. Hence, it seems unwise to overinterpret
this pattern as it may not reflect a genuine effect of treatment, particularly given
that there was no significant improvement following Phase 2.
Interim conclusion
Similar to previously reported treatments with people with PPA,
improvement of DSN’s naming was restricted to treated items. Furthermore,
after treatment ended naming accuracy returned to baseline levels, suggesting
that regular practice may be required to maintain the improvement. It has,
however, also been suggested that maintenance could be improved with an
increased focus on the broader semantic network in treatment. Hence, we
investigated this further by carrying out a third treatment phase based on the
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principles of Conceptual Enrichment (COEN) therapy (Suárez-González et al.,
2015, 2018).

Treatment Phase 3: Conceptual Enrichment Therapy
Method
The third phase of treatment started about four months after the previous
phase of RRIPP treatment (Phase 2) had finished.
Materials. The stimuli were those used in the previous treatment phases,
with the untreated set (previously Control Set C) now being treated, and Sets S
and SW were now the untreated control items. For each word from the treated
set, two new pictures were chosen as co-targets to assist in conveying the
meaning of the target item. The co-targets were not in the previously treated sets
(Set S or Set SW). These additional pictures were discussed and chosen together
with DSN and his spouse according to the principles described by SuárezGonzález et al. (2015; 2018). Pictures were chosen to provide a meaningful link
to the target items. For example, the picture for surfboard was paired with a
picture of a wetsuit and a picture of waves in the ocean. Prior to the start of
treatment, the items and their co-targets were presented to DSN in a separate
session. A PowerPoint presentation introduced all target pictures together with
the two co-targets. Similar to Suárez-González et al., in this introductory phase, a
verbal description of the link between the target and the two additional pictures
was provided. While in Suárez-González et al. this was performed face to face, in
our study an audio file played automatically to provide this information. For
example: peach à “slices of peach can be put on a cake, and you can buy them in
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a can” (co-target pictures were a cake with peach on the top, and a can with
peach halves).
Task. The target picture was presented on the left of the screen in a red
square with the corresponding name written below. An audio-file automatically
presented the spoken picture name. After three seconds two co-target pictures
appeared on the right side of the screen (see Figure 4 for an example). DSN was
instructed to read and/or repeat the target name on the left and to write down
the name. He was instructed not to name the two co-target pictures on the right.
After another five seconds a blank screen appeared, and a key had to be pressed
to move on to the next target slide. Similar to the previous phases of treatment
each target was presented twice per session (two exemplars of the target,
different to the exemplar used in assessment, with the same co-target pictures),
and this time treatment materials were presented in three different orders.
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peach

Figure 4: Example of presentation of target stimulus with co-targets in COEN
treatment

Baseline assessments. Treatment in this third phase of the study
consisted of two baseline assessments (two weeks apart), a treatment period of
two weeks (five times a week, 10 sessions), followed by two post-tests (the day
following the last practice session, and two weeks later). The assessment tasks
were the same as in the previous phases of treatment: spoken and written
naming, a structured interview, and a word-picture verification task. DSN
completed all 10 treatment sessions. The written responses were sent to the
examiner after treatment.

Results Treatment Phase 3
Spoken and written naming. Written response sheets again showed a
high spelling accuracy throughout the treatment sessions. Figure 5 displays
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DSN’s accuracy on spoken and written naming of the three sets of words across
this phase, and Table 3 summarises the WEST statistics. The WEST-Trend
analysis that only included the first post-test showed a significant trend for
improvement across Phase 3 for spoken naming for the treated set (Set C) only,
however this improvement was transient as it was no longer significant when
examining the trend including the second post-test. For written naming the trend
for improvement was significant for all three sets.
When comparing the rate of change across the treated and untreated
periods, there was no significant improvement in either spoken or written
naming in any set as a result of COEN treatment, indicating that there was no
evidence for treatment-related improvement in naming.
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Figure 5. Naming accuracy throughout Phase 3 (COEN treatment). Shaded area
indicates when treatment occurred.
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Word-picture verification. Results are summarised in Figure 6 and Table
4. The WEST-Trend comparisons showed a significant trend for improvement
across the study phase for the treated Set C, and the rate of change was close to
significantly greater in the treated period compared to the untreated period. The
rate of change was also significant for one of the untreated sets (Set SW),
however, considering the absence of a trend for Set SW this effect seems to
reflect the falling baseline performance rather than a treatment-related
improvement per se (see discussion earlier). Once again, these results were
driven by an improved ability to reject incorrect word-picture combinations.
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Figure 6. Word-picture verification accuracy throughout Phase 3 (COEN
treatment). Shaded area indicates when treatment occurred.
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Structured interview. We calculated the number of target items
produced in the interview in the same way as for Phases 1 and 2: we counted the
number of items that DSN produced in answer to the questions targeting the
categories of animals, food and horse riding. We report how many items from
these sets were produced, as well as any additional items that would fall in the
same categories. There were no significant treatment-related improvements (see
Figure 7 and Table 5). While the untreated Set SW showed a significant trend for
one of the comparisons, the Rate of Change was not significantly greater during
treatment compared to periods without treatment.
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Figure 7: Number of words produced in interview task in Phase 3 (COEN
treatment). Shaded area indicates when treatment occurred. Note that the total
number of target items is 32 items in Set S, SW and Set C (total of 96 items), but
the Extra items are from a pool of indeterminate size.
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General Discussion
This study investigated three phases of lexical retrieval therapy delivered
remotely as a home programme with DSN, an individual with semantic variant
PPA. The first two phases consisted of lexical retrieval therapy (Repetition
and/or Reading In the Presence of a Picture (RRIPP), with and without written
output), and were followed by a phase of Conceptual Enrichment therapy
(COEN). This study is one of the few studies to investigate naming treatment in
both spoken and written modalities in svPPA, and only the third study to
compare RRIPP naming treatment with COEN treatment (and the first by a group
other than the authors of COEN; Suárez-González et al., 2015, 2018).
We will first discuss how DSN’s results relate to the literature on naming
treatment in svPPA, and then discuss additional issues regarding the
maintenance and generalisation of lexical retrieval treatment for svPPA.
Improving spoken naming in svPPA
Lexical retrieval treatment using pictures and their labels. Phase 1 of
our study involved a simple treatment task whereby DSN both heard and saw the
name of a target picture and was required to say the name. This technique (or
similar techniques with only a spoken word, or only a written word) has been
successful in improving spoken word retrieval both with stroke aphasia, and
different variants of PPA (e.g., Croot et al., 2015; Jokel et al., 2014; Meyer, Tippett
et al., 2016) including svPPA (e.g., Green Heredia et al., 2009; Savage et al., 2013,
2014; Snowden & Neary, 2002; Suárez-González et al., 2015, 2018). A review of
treatment studies by Jokel et al. (2014) concluded that in all of the behavioural
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treatment studies of anomia in PPA reviewed, including techniques similar to
RRIPP, immediate gains were found – a conclusion also reported more recently
in a systematic review of PPA treatment studies by Cadório et al. (2017).
However, following Phase 1 DSN showed only a trend for improvement in
spoken naming of treated items across the whole phase which could not be
unambiguously attributed to treatment (the trend was statistically
indistinguishable across treated and untreated phases). Consequently, it is most
likely to reflect a benefit from repeatedly attempting to name an item: a practice
effect (see e.g., Nickels, 2002). This suggests that this technique, while often
successful, is not guaranteed to succeed, and may reflect a publication bias in the
literature. Importantly, Croot et al. (2017) report a case series of seven
individuals with different variants of PPA who underwent RRIPP treatment, of
these two individuals (one with logopenic and one with semantic variant PPA)
failed to improve their word retrieval following 2 or 4 weeks of treatment.
Furthermore, it is important to note that not all studies have employed
more than one baseline sample of behaviour in their design (e.g., only one preand post-treatment assessment included in the comparison to establish the
effect of treatment: e.g., Jokel et al., 2006; Mayberry, Sage, Ehsan, & Lambon
Ralph, 2011; Newhart et al., 2009), which may have overestimated the effects of
treatment. In contrast, in our study we included two pre-treatment assessments
and used all assessment points in our evaluation of the effect of treatment,
reducing the contribution of sampling error to any evaluation of the observed
treatment effect.
It is possible that the intensity of our treatment (10 sessions over 2
weeks) was not sufficient for DSN (compared to, e.g., one month of daily self44

practice as reported by Green Heredia et al., 2009; or home practice over a 6month period: Meyer, Getz, & Friedman, 2016). However, Croot et al. (2017)
directly compared different intensities of lexical retrieval treatment, and found
that increasing treatment duration from two to four weeks did not seem to
increase the benefits from treatment. Therefore, low treatment intensity may not
be the critical factor in DSN’s null results in Phase 1.
Supplementing naming treatment with a written component. As most
intervention studies in PPA have focused on spoken naming abilities only,
without written output, we aimed to examine the impact of (spoken) lexical
retrieval treatment on written naming and whether (in Phase 2) supplementing
the treatment with written word production would provide additional benefit
for spoken and/or written production.
We found clear treatment-related gains in spoken naming of treated items
when written production was required during treatment (in Phase 2), unlike
when spoken production alone was required (in Phase 1). It is possible that
perhaps writing increased the attention DSN gave the stimuli (either the word
form or the picture or both), or increased the duration of that attention, with
greater attention resulting in greater priming of word form accessibility. Our
results are in contrast to the findings of Meyer and colleagues: their participant
with svPPA only improved after a phonological treatment (Meyer, Getz et al.,
2016) and showed no benefit from an orthographic treatment that also required
copying. Similarly, no difference between the benefits of orthographic and
phonological treatment was found for a group of individuals with svPPA (Meyer,
Tippett et al., 2016). However, DSN’s results do seem to suggest that adding a
written component to treatment can lead to greater benefits, as Meyer et al.
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found with an individual with lvPPA (Meyer et al., 2015). They suggested that a
stronger focus on the written word through copying may strengthen the
orthographic representation of the treated words, in turn strengthening the
phonological representations of these words and improving spoken word
production in orthographic compared to phonological treatment.
We also investigated the effect of two phases of RRIPP on written naming
abilities. Following both phases we found an improvement for written naming of
treated items, even when writing was not required in treatment and when
spoken naming did not show clear improvement (Phase 1). Hence, simply
reading the written form with the picture present appears to have resulted in
improved written naming. Meyer et al. (Meyer, Getz et al., 2016; Meyer, Tippett
et al., 2016) also investigated improvement of written naming abilities and found
mixed results. One participant with svPPA did not show improved written
naming following either phonological or orthographic treatment (Meyer, Getz et
al., 2016), however for a group of five people with svPPA (Meyer, Tippett et al.,
2016) both phonological and orthographic treatment resulted in similar
increases in written naming accuracy (no individual analysis of participant data
reported). The results of Phase 1 of our treatment therefore replicate Meyer et
al.’s result that for at least some individuals with svPPA, written naming can
improve even following a treatment phase that does not require written
production (Meyer, Tippett et al., 2016).
Effects of naming treatment on comprehension. Our study is one of the
few lexical retrieval studies to evaluate the effect of naming treatment on
comprehension (see also Jokel and Anderson, 2012, and Savage et al., 2014). DSN
showed improved accuracy on a word-picture verification task following Phase
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2, suggesting improved ability to discriminate between treated items and
semantically similar distractors. This is similar to Jokel and Anderson’s (2012)
conclusion following improved comprehension of items that the participants
could no longer recognise at baseline, however DSN only showed this
improvement after the second phase of treatment. Furthermore, our results are
somewhat consistent with Savage et al. (2014) who also reported generalisation
of treated items on two comprehension tasks, however in their study the effect
varied with severity of impairment: only the two individuals with a more severe
impairment showed generalisation to the verification task whereas the two
milder patients did not show a significant improvement on this task. Savage et al.
(2014) argued that the milder individuals already performed relatively well on
this task (around 80%) prior to treatment, therefore leaving less room for
measureable improvement. Based on his score on the cognitive examination
(ACE-III) at assessment as well as his score on the word-picture verification task
pre-treatment, DSN seems similarly impaired to the two mild individuals from
Savage et al. (2014), and yet DSN did improve significantly on word-picture
verification in Phase 2. Thus the relationship between the level of pre-treatment
performance and generalisation from lexical retrieval treatment to word-picture
verification is not yet clear. Furthermore, it is possible that the type of naming
treatment may influence the likelihood of generalisation across tasks. However,
Jokel and Anderson (2012) showed that while four variants of a naming
treatment (errorless vs. errorful, and active vs. passive learning) resulted in
different degrees of improvement in naming, all methods improved
comprehension of treated items to a similar degree. Therefore, it remains
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unclear what the exact link between type of treatment and generalisation to a
comprehension task is.
Newhart et al. (2009) discussed the possibility that their treatment had
strengthened semantic representations of treated items, which resulted in an
improved ability to distinguish between semantically related items. It is true that
following Phase 2 of our treatment DSN was better able to distinguish between
semantically related items, as he more accurately rejected semantically related
words for a target picture (e.g., the written and spoken word orange for a picture
of an apple). Moreover, we used different depictions during treatment and
assessment, hence the improvement reflects more than a learned association
between word and picture. Importantly, the treatment task provided no overt
semantic information in the form, for instance, of semantic features (cf., Semantic
feature analysis, Boyle & Coelho, 1995): in this phase of treatment the only
source of semantic information was the picture. Consequently, if the
improvement does reflect strengthened semantic representations, or mappings
between semantics and phonological form, it seems likely that this will be
specific to visual-semantic features of the object in question.
The question remains why this improvement was only found in Phase 2,
and not following both phases of treatment, as for example Jokel and Anderson
(2012)’s results would suggest. There is no evidence that DSN had better
comprehension of written materials compared to spoken materials, as his scores
on written and spoken word comprehension (CAT subtests) were equal. Once
again, perhaps the extra attention engaged by writing was a contributing factor.
Furthermore, it is possible that this phase of treatment supported all aspects of a
lexical representation: not only semantic, phonological and orthographic
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information, but also motor execution components for speaking and writing. As a
result of spreading pathology within networks in neurodegenerative disease
(Bak & Chandran, 2012), non-semantic elements of a representation may be
becoming more vulnerable. The second phase of treatment which included a
written output of the lexical representation would have supported the
orthographic and motor execution components of the lexical representations.
Hence the treatment may have capitalised on relatively spared neurological
tissue and the cognitive processes that tissue is assumed to support, resulting in
a somewhat greater improvement after Phase 2 compared to Phase 1. However,
we cannot exclude a possible effect of order of treatment, such that greater
familiarity with the task and (perhaps) positive experience of practice by Phase 2
resulted in improved scores.
(Lack of) Effects of COEN treatment. Phase 3 of our treatment
investigated whether a focus on the semantic network surrounding the target
would result in larger treatment gains, following the principles of COEN
treatment. DSN showed no treatment-related gains as a result of this treatment.
To our knowledge, this is only the fourth treatment study reported using the
principle of conceptual enrichment following the two studies by Suárez-González
et al. (2015, 2018) and d’Honincthun et al, 2017. These studies found similar
item specific treatment effects following both standard and COEN treatment, but
with less decline at follow-up for items treated with COEN. What might explain
the difference in naming improvement between our study and the previously
reported COEN studies, as well as compared to the first two phases of RRIPP
treatment?
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First, perhaps ten sessions of COEN treatment over two weeks was too
little for DSN to show significant improvement. However, while Suárez-González
et al.’s (2015) participant had three months of treatment, Suárez-González et al.
(2018) provided only seven days of treatment. Hence it is unlikely for the dose of
treatment to be the critical factor underpinning the different results.
Second, even though the design of Phase 3 was based on the principles of
COEN therapy described in studies by Suárez-González et al. (2015; 2018),
perhaps our method was subtly different to these previous studies. Their cotargets were selected to be linked to the participant’s episodic memory, and to
be familiar and well-understood (Suárez-González et al., 2018). The majority of
co-targets used here followed these principles, but for some targets the choice
was more limited, because we needed to avoid choosing items from the
previously treated items as co-targets for the items currently treated. For
example, seven words related to horses were included in the horse riding
category in the treated set, which meant the choice of co-targets for any of the
targets from this category was limited: for example, the best co-target for the
word “bridle” may have been “reins”, however as this word was already in one of
the other treated sets this could not be chosen. Nevertheless, all co-targets were
judged to be familiar and well-understood by DSN and his wife.
Could differences in target items have led to the different results? The
target items in Suárez-González et al.’s treatment were those that their
participants could no longer name or recognise. In contrast, DSN responded
correctly in word-picture verification for many of the targets. We can, however,
look at a subset of nine items from treated set C that DSN was not able to
correctly verify (defined as an incorrect answer on the no-trial of the word
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picture verification task at both baselines) or name (incorrect naming at both
baselines (7/9) or one of the baselines (2/9)). Only one of these items was
correctly named at both post-tests, and the others were incorrect at both posttests. Therefore, it seems unlikely that we would have found different results if
we had exclusively chosen items DSN was unable to name or comprehend.
Jokel et al. (2014) concluded that the severity of impairment plays a role
in the outcomes of treatment for PPA. Is it possible that by the time DSN started
Phase 3 (four months after finishing Phase 2) his PPA had progressed and the
increased severity reduced the effectiveness of treatment? However there is no
indication of significant decline over the first two phases of the study: DSN’s
baseline accuracy for naming, comprehension and the structured interview were
similar at the start of Phase 3 compared to the start of Phase 1. Hence, while we
cannot rule out order effects underlying the different treatment results, these
would be unlikely to be underpinned by changes in severity.
Finally, the difference in effectiveness in Phase 3 compared to the
previous phases could be due to the nature of the task: it is possible that the
target item did not stand out as clearly in this presentation of stimuli compared
to the previous phases of treatment, given that, after the initial presentation of
the target, the co-targets were also on the screen in COEN treatment.
Nevertheless, when asked, DSN noted a preference for the additional pictures in
the COEN treatment compared to presentation of the first two phases of
treatment, suggesting he did not find the array visually confusing or
overwhelming. A difference in presentation between the RRIPP and COEN
phases in our study would also not explain the difference in our results
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compared to those of Suárez-González et al., as they also had all three pictures on
the screen simultaneously.
Maintenance of treatment effects
DSN’s improved naming of treated items declined relatively rapidly (over
two to four weeks) after treatment stopped, which suggests that regular practice
may be required to maintain improvement. A decline in performance after
treatment is common in studies of svPPA but some degree of maintenance at
least one month and up to 3 or 6 months post treatment has been reported by
many other studies (e.g., Bier et al., 2009; Green Heredia et al., 2009, Jokel et al.,
2006, 2009, 2010: see Cadório et al., 2017, for an overview). A number of
different factors may have contributed to the decline in DSN’s performance.
First, studies have highlighted that learning after repetitive practice is
possible in (early stages of) semantic dementia, but that there can be abnormal
rates of forgetting for these individuals (Graham et al., 1999). As consolidation of
the learned knowledge is limited, it may be possible to slow down this decline to
some degree through continued practice (Graham et al., 1999; 2001). This is
supported by Savage et al. (2013), who reported that for three of their
participants, words trained for six weeks showed better maintenance compared
to words trained for only three weeks. Furthermore, Savage, Piguet and Hodges
(2015) also showed that improvement can be sustained, for some time, with
ongoing regular practice (see also Croot et al., 2017). However, while it is
possible that DSN would have shown better maintenance had he completed
more than two weeks of practice per phase, it remains unclear what amount and
intensity of practice is critical for better maintenance (Croot et al., 2017; Reilly,
2016; Savage et al., 2013, Savage et al., 2015).
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Second, the role of the level and distribution of temporal lobe atrophy has
been discussed in relation to the outcome of treatment in svPPA (e.g., Savage et
al., 2014). DSN had predominantly right temporal lobe atrophy, which has been
suggested to predict reduced ability to generalise across different pictures of the
same item (Ikeda, Patterson, Graham, Lambon Ralph, & Hodges, 2006) as well as
a reduced ability to distinguish items within semantic categories (Lambon Ralph,
McClelland, Patterson, Galton, & Hodges, 2001). DSN did show learning that
generalised across different picture exemplars of treated items, but perhaps the
nature of his semantic impairment due to this predominantly right-hemisphere
atrophy contributed to his lack of maintenance of lexical retrieval in naming. In
contrast, Babiak (2014) comments on the relative “strength” (compared with
right homologue areas) of left hemisphere language areas in people with rightdominant frontotemporal dementia. This would seem to predict that the relative
preservation of left language areas would perhaps support maintenance of skills.
Hence, it seems that there is no obvious reason why DSN’s predominantly righthemisphere should have contributed to his lack of maintenance of lexical
retrieval in naming (relative to someone with predominantly left-hemisphere
atrophy).
Finally, Snowden and Neary (2002) found that spared knowledge of the
semantics of an item was an important factor facilitating maintenance of
treatment effects (see also Jokel and Anderson, 2012). However, for DSN, all
items declined back to baseline irrespective of their pre-treatment word-picture
verification scores. Moreover, all treatment items in this study were chosen to be
functionally and personally relevant, and hence those items that were most likely
to be interacted with and used outside of the treatment setting. Yet this did not
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protect against decline. Jokel et al. (2006) argued that for people with svPPA the
type of semantic knowledge about a concept is often not generalisable
knowledge about semantic characteristics of the item, but knowledge that is
partly shaped by personal experiences (episodic memory). Perhaps this kind of
knowledge is less amenable to supporting lasting effects of treatment on lexical
access, compared to semantic memory. Nevertheless, the role of semantic
knowledge in the rapid decline in DSN’s performance remains uncertain.
Generalisation to connected speech
In order to measure generalisation of effects of treatment to connected
speech in the context of a standardised conversation, we assessed retrieval for
experimental stimulus words in a structured interview. There was an increase in
the number of treated words generated in the interview but only after the first
treatment phase. We consider here a number of different factors that may have
influenced this outcome.
First, given that we used different picture exemplars in treatment
compared to assessment, it is unlikely that treatment simply strengthened the
association between a picture and its name, suggesting that the improvement in
DSN’s naming did reflect improved lexical retrieval.
Second, the lack of generalisation may have been due to differences
between the task demands of the structured interview, and those of picture
naming. One difference between a structured interview and a picture naming
task relates to the need for lexical items to be produced in extended grammatical
structures in the former, but DSN did not appear to have difficulty formulating
grammatical structure in the interview, consistent with the observation that
grammatical structures are typically well-formed in semantic dementia (Gorno54

Tempini et al., 2011). For example, when asked what vegetables he grows at
home, DSN replied, “We’ve got a few apples coming on now, we do grow those
when it does get cool. Unfortunately no lemons”.
Another consideration is that some questions in the interview were
similar to a category fluency task, for example, asking what items DSN grew in
his garden or what animals he might see if he visited the zoo. Compared to
naming a series of individual pictures, fluency tasks place greater demands on
lexical retrieval processes and make additional cognitive demands related to
word generation strategies and switching between (sub)categories (Jokel et al.,
2006)
However, DSN performed relatively well on the word fluency task at pretreatment assessment, and so it seems unlikely that reduced word generativity
per se could account for his limited retrieval of experimental stimuli in the
interview task. Others of our questions were more like the type that might arise
in everyday conversation, such as asking what DSN likes to drink with dinner at
home. Answering conversation-like questions requires a range of
conceptualisation processes involved in “thinking for speaking” (Dipper, Black, &
Bryan, 2005) that are not required to nearly the same extent in picture naming.
DSN’s improved word retrieval may have been obscured by the greater demands
of the conversation-like questions (Croot et al., 2015).
Thirdly, looking over all the interview questions it is clear that the
majority of our questions were category fluency type questions. Consequently, as
has been discussed elsewhere (e.g., Croot et al., 2015), it was a limitation of this
study we cannot rule out that we failed to elicit the treated items in the
structured interview because our questions were not-sufficiently well-designed
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to elicit them and thereby demonstrate any transfer that may have occurred. In
future, it would be better to use a staged series of tasks with demands that range
from those in picture naming to those in an interview or a natural conversation.
For example, Savage et al. (2014) used a video description task, which, like
naming, provides visual and contextual cues, and allows specific prompts from
the experimenter. If using such tasks, it would be important to ensure that
spontaneous responses in connected speech were distinguished from ‘hypernaming’ of items in the video (Cairns, Marshall, Cairns, & Dipper, 2007). Other
tasks could include production of experimental stimuli in verb phrases or
sentences (Hameister, Nickels, Abel, & Croot, 2017) and in discourse genres of
varying difficulty (Sajjadi, Patterson, Tomek, & Nestor, 2012; Whitworth,
Cartwright, Beales, Leitão, Panegyres, & Kane, 2017), and interviews containing
questions that could occur in actual conversations with the participant, and in
which s/he would be likely to use the treated words if able to retrieve them.
In sum, this paper adds to the literature establishing that there are
immediate benefits of word retrieval treatment in svPPA. However challenges
remain regarding facilitating and measuring generalisation to untrained items
use of treated items in a context outside picture naming. The exact role of the
level of semantic knowledge prior to treatment, as well as the best task to
measure transfer of treatment effects that reflects the individual’s functional use
of the treated vocabulary also await further investigation. Furthermore, to be
able to test hypotheses about the relationship of the type of impairment to the
outcome of treatment, future investigations of lexical retrieval treatment in PPA
will need to continue comparing effective treatments head-to-head, ideally in
single case series designs, to determine the most effective treatment(s) for
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individuals with different cognitive profiles (Croot, 2018; and see Schwartz and
Dell, 2010). However, as there are few studies that include a written component
as part of the treatment design or as a target of treatment, this paper provides an
essential first step.

Conclusion
The current study investigated the effect of two phases of lexical retrieval
treatment (RRIPP), one of which required spoken responses during treatment,
and one of which required written production in addition to spoken. These were
followed by a phase of treatment following principles of conceptual enrichment
treatment (COEN) on spoken and written naming in a participant with svPPA.
This study provides several important additions to the current literature.
First, we found that written naming of treated items was improved by lexical
retrieval treatment where a picture was presented together with an auditory and
written word and the spoken form produced. This was despite the fact that no
written production was required.
Second, we found that supplementing the regular form of treatment with
written word production increased the effectiveness of the treatment for written
and spoken naming. Moreover, there was some evidence for generalisation of the
benefits of this lexical retrieval treatment to improved comprehension of these
items. We suggested that the increased attention required for written production
may have been the source of these additional benefits.
However, the improvements found were transient and, as has been the
case elsewhere in the literature, we were unable to demonstrate generalisation
to connected speech in a structured interview.
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Importantly, despite the previous reports of the benefits of conceptual
enrichment treatment, COEN did not improve either lexical retrieval or
comprehension for participant DSN. While there are a number of possible
accounts for this result, it is important that reports of unsuccessful treatment are
documented in the literature, and that more treatment studies of COEN
treatment emerge to better understand why this type of treatment may work for
some individuals but not for others. Similarly, we did not find improvements
from the initial phase of lexical retrieval treatment, underscoring the individual
variability in response to treatment and the possibility of a reporting bias in the
literature.
Finally, DSN and his spouse gave very positive feedback to the training.
Therefore, this study reiterates the value of simple treatment methods that can
be carried out as a home programme (e.g., Mason et al., 2011; Savage et al.,
2013). The relatively simple design and delivery of treatment via PowerPoint
files as well as assessment via Skype allowed this treatment to be offered
successfully to a participant living at a considerable distance from the study
centre, which is a promising development for future treatment delivery.
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