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Abstract
Objective. The progressive loss of stored knowledge about word meanings in semantic
variant Primary Progressive Aphasia (svPPA) has been attributed to an amodal
“storage” deficit of the semantic system. Performance consistency has been proposed to
be a key characteristic of storage deficits but has not been examined in close detail and
larger participant cohorts. Methods: We assessed whether 10 people with svPPA
showed consistency in picture naming across three closely consecutive sessions. We
examined item-by-item consistency of naming accuracy and specific error types, while
controlling for the effects of variables such as word frequency, familiarity and age of
acquisition. Results: Participants were very consistent in their accurate and inaccurate
responses over and above any effects of the word-related variables. Analyses of error
types that compared consistency of semantic errors, correct responses and other error
types (e.g., phonologically related errors, unrelated errors) revealed lower consistency.
Conclusions: Our findings support the assumption that semantic features constituting
semantic representations of objects are progressively lost in people with svPPA and are
therefore consistently unavailable during naming. Variability in the production of error
types remains when distinctive features of an object are lost resulting in the selection of
semantically or visually similar items, or in the failure to select an item and the
production of a no-response. The assessment of performance consistency sheds light on
the underlying impairment of people with semantic deficits (semantic storage versus
access deficit). This can support the choice of an appropriate treatment technique

aiming to maintain, or re-learn semantic information.

Keywords: semantic variant Primary Progressive Aphasia, storage impairment,

consistency, naming, semantic features



RESPONSE CONSISTENCY IN SVPPA 3

Introduction

Semantic variant Primary Progressive Aphasia (svPPA; Gorno-Tempini et al., 2011;
Hodges, Martinos, Woollams, Patterson, & Adlam, 2008; Hodges, Patterson, Oxbury, &
Funnell, 1992) is a neurodegenerative disease which primarily affects language production
and comprehension. Core diagnostic features include impaired confrontation naming and
impaired single-word comprehension (Gorno-Tempini et al. (2011). Other cognitive skills
outside of language, including working memory, episodic memory, orientation, problem
solving and visuospatial skills remain relatively preserved until severe stages of the disease
(Patterson & Hodges, 2000). On neuroimaging, individuals with svPPA show atrophy in the
anterior temporal lobe which is usually more dominant left-laterally at first, but in later stages
becomes bilateral (Acosta-Cabronero et al., 2011; Brambati et al., 2009; Gorno-Tempini et

al., 2011; Mummery et al., 2000).

Storage deficits and response consistency in svPPA

There is now a substantial body of evidence supporting the theory that the language
symptoms of svPPA are due to a central (amodal) impairment of the semantic system (e.g.,
Bozeat, Lambon Ralph, Patterson, Garrard, & Hodges, 2000; Coccia, Bartolini, Luzzi,
Provinciali, & Lambon Ralph, 2004; Hodges, Graham, & Patterson, 1995; Marques &
Charnallet, 2013; Patterson & Hodges, 2000). Moreover, this impairment in svPPA has
generally been described as a “storage deficit” where stored semantic information is
progressively lost (Hodges et al., 1995; Mirman & Britt, 2014; Shallice, 1987).

Feature-based theories of semantic representations assume that this semantic
information is stored in the form of functional and perceptual features or attributes, which
characterise word meanings and distinguish them from each other (e.g., Dell, Schwartz,
Martin, Saffran, & Gagnon, 1997; Vigliocco, Vinson, Lewis, & Garrett, 2004). In tasks such

as picture naming, these distinguishing features necessarily have to be activated to fully and
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correctly retrieve the lexical representation (e.g., cat) and therefore name the picture “cat”

(Figure 1a).
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Figure 1. Schematic account of the semantic representation of “cat”. Panel la: The
unimpaired language system; Panel 1b: Loss of distinctive features which results in a
coordinate error.

In svPPA, it is assumed that certain semantic features deteriorate and eventually are

lost, and therefore lexical-semantic representations cannot be retrieved successfully (Hodges

et al., 1995; Laisney et al., 2011). According to this assumption, participants with svPPA

should experience a consistent failure to retrieve the correct lexical representation of a target

in tasks such as picture naming.
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If features are lost that are necessary to distinguish between concepts, for example, cat
from dog, the participant might name a picture of a cat as “dog” instead (Figure 1b). This is
usually referred to as a coordinate semantic error — an error type which has been commonly
reported in svPPA (e.g., Budd et al., 2010; Jefferies & Lambon Ralph, 2006). If only those
features are left that can identify a cat as an animal, then the picture might be named with the
superordinate semantic error “animal”. This response type is another frequent occurrence in
picture naming in svPPA and becomes more frequent the further the impairment progresses
(Budd et al., 2010; Hodges et al., 1995).

However, word finding difficulties and/or difficulties in word comprehension can also
occur as a result of an impairment in the “access” to representations in the semantic system
and/or in the access to/from semantic representations to word forms in the lexicon as often
seen in people with stroke aphasia (e.g., Warrington & Shallice, 1979). In this case, semantic
representations themselves are intact but cannot be accessed reliably. This may occur in the
early stages of svPPA, where comprehension is still relatively intact but individuals appear to
have reduced naming abilities due to weakened access to semantic representations in language
production (Mesulam et al., 2009; Wilson, Dehollain, Ferrieux, Christensen, & Teichmann,
2017).

Warrington and Shallice (1979) proposed that one of the main characteristics that can
be used to distinguish between a storage deficit and an access deficit is response consistency.
They suggested that if a representation is ‘lost’ due to a storage deficit it should be
consistently unavailable — in the same task over time and in tasks assessing different verbal
and non-verbal modalities. In contrast, if representations are still present but inaccessible due
to an access deficit, retrieval of those representations might be less consistent due to
fluctuations in their accessibility. Evidence for consistency in participants with a putative
storage deficit comes from Chertkow and Bub (1990) who found high consistency of accurate

and inaccurate responses in two sessions of a picture naming task with 10 participants with
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Alzheimer’s disease. Similarly, Warrington and Cipolotti (1996) reported several word-
picture matching experiments with four participants with fronto-temporal dementia, who were
given a clinical diagnosis at the time of probable Pick’s disease, but fulfil the criteria for
svPPA. This study showed that the responses of these participants to each item across the
experiments was highly consistent (see also Coughlan & Warrington, 1981). Our study seeks
to confirm and extend these findings: Given that individuals with svPPA are claimed to suffer
from a storage deficit with semantic information being lost, this predicts a permanent and
consistent inability to name specific words correctly (cf. Figure 1).

Evidence for performance inconsistency due to an access deficit was presented in a
study by McCarthy and Kartsounis (2000) which described participant FAS who suffered
from an impairment at a post-semantic but pre-phonological processing level. Across four
testing sessions, a third of all the test items that were named by FAS were highly variable in
their accuracy: FAS could name these items correctly on one but not on another occasion.

Critically, when evaluating consistencyi, it is vital that other factors are also controlled.
For example, Howard (1995) demonstrated that a considerable amount of the consistency
shown in lexical retrieval by participant EE was due to word familiarity, with highly familiar
words being consistently named correctly. Hence, other psycholinguistic variables that can
influence performance, such as familiarity or frequency, that can lead to some items being
consistently named accurately or inaccurately need to be controlled (see also Rapp &
Caramazza, 1993).

Further evidence for a distinction in consistency between storage and access deficits
comes from a study by Gotts and Plaut (2002) who used computational modelling to simulate
the symptoms of access and storage deficits. They simulated a storage deficit as damage to
connections between neuron-like semantic units (Buszaki, 2010; Hebb, 1949; McClelland &
Rogers, 2003). The higher the proportion of connections that were lesioned (i.e., removed) the

more information was lost. An access deficit was simulated by increasing the level of
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activation needed to activate and access the units that code semantic information. The model
was only able to generate response consistency when connections were severely damaged in
case of a storage deficit. This suggests that with different disease severity we may expect

different patterns of consistency.

Previous studies investigating response consistency in people with svPPA have mostly
examined consistency across modalities: For example, Bozeat et al. (2000) and Jefferies and
Lambon Ralph (2006) reported high item-by-item consistency across picture naming, word-
picture matching and sound-matching. They also found sensitivity to concept familiarity in
their participants, with familiarity emerging as a significant predictor of the degree of
consistency shown. The only study that has examined item consistency in the same task over
time was conducted by Hodges et al. (1995) who reported high item-by-item consistency on
accuracy for JL, a man with svPPA. JL named almost all pictures consistently incorrectly over
five sessions with five to six months between sessions. Unfortunately, there was no
examination of the extent to which familiarity and frequency could have accounted for this
consistency, nor whether there was also consistency between error types within the incorrect
responses. Thus, while these studies provide evidence for a storage deficit in the semantic
system in svPPA, there remains a need to study consistency of performance over time in a
larger sample of participants while controlling for familiarity, frequency and other
semantically and lexically relevant variables. Moreover, while items might be consistently
named incorrectly, it is important to also consider error type consistency.

In the present study, we address these issues by assessing item-by-item consistency
within modality over repeated presentations in a case series of ten people with svPPA. Our
sample size matches or even exceeds that of most studies which have previously studied
consistency and storage impairments (e.g., Bozeat et al., 2000 (n = 10); Coughlan &

Warrington, 1981 (n = 1); Hodges et al., 1995 (n = 1)) or other aspects of language production
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in svPPA (e.g., Marques & Charnallet, 2013 (n = 6); Montembeault et al., 2017 (n =9)). We
not only examined consistency between correct/incorrect responses but also between semantic
errors and other error responses, while at the same time controlling for effects of
psycholinguistic variables such as familiarity and frequency on naming. By doing so we
aimed to establish whether consistency can indeed be used as a criterion to distinguish a
“storage” deficit from an “access” deficit even when including a finer distinction within
incorrect responses. Moreover, the characteristics of our participant cohort allows us to

investigate consistency at different severities of svPPA.

Methods

Participants

The current study included 10 participants with svPPA who took part in a word-
relearning study by Savage and colleagues (Savage, Ballard, Piguet, & Hodges, 2013; Savage,
Piguet, & Hodges, 2014, 2015). All participants were originally recruited through
FRONTIER, the Frontotemporal Dementia Research Group clinic at Neuroscience Research
Australia, Sydney, and had been diagnosed with svPPA according to the consensus criteria
(Gorno-Tempini et al., 2011) by an experienced behavioural neurologist (Hodges), based
upon detailed clinical assessment, neuropsychological assessment and, where possible,
structural brain magnetic resonance imaging (see Table 1). Participant labels have been
retained from Savage et al. (2015), where participants B1, C2, G1, J1, S1 and T4 were
reported; J2 and J3 in this study are SD-J2 and SD-J3 in Savage et al. (2014) and K1 was
participant SD3 in Savage, Ballard, et al. (2013). We selected all participants for whom data
was available from three pre-therapy naming baselines, with a minimum of 50% overt
responses in each baseline, to allow for statistical analysis. Demographic information is

summarised in Table 1.
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Table 1: Participant demographic information.

Participants J3 T4 C2 G2 K1 J2 G1 B1 S1 J1
Sex M M M F M F M M F M
Age (yrs) 56.2 63.9 50.3 57.8 66.8 71.4 63.3 61.9 62.3 69.5
Years of 1 15 12 15 9 155 16 13 145 15
Education

First Portu-

Language guese® Engl. Engl. Engl. Engl. Engl. Engl. Engl Engl. Engl.
Handedness right left right right right right right right right right
Disease

Duration 7.8 6.7 8.3 4.5 7.3 9.2 6.8 5.2 6.3 5.4
(yrs)

Focus of

Temporal left left right left NA left left left left left
lobe atrophy

*J3 learned English when he was 9 years old and, lived in an English-speaking country since that time and had 3
years of formal education in English from age 14-17.
M: Male; F: Female; Engl.: English. NA: MRI not available due to presence of a pacemaker

Magnetic Resonance Images obtained for 9 participants (excluding K1 who had a
pacemaker and therefore could not be scanned) showed the typical pattern of atrophy in the
anterior temporal lobe. All but one of the participants showed predominantly left temporal
lobe atrophy. Although participant C2 had dominant right temporal lobe atrophy, he did not
perform differently on any of the tasks investigated (see below). For details of imaging and
atrophy for all participants see the original papers (Savage, Ballard, et al., 2013; Savage et al.,

2014, 2015).
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Cognitive screening and classification. All of the participants underwent extensive
clinical and cognitive assessments. A detailed summary of each participant’s cognitive and
language abilities is shown in Table 2. As described in previous publications, all participants
showed marked deficits in word finding (anomia), as seen on their spoken picture naming
(range 1-16/30 correct;) and category fluency performance (range 3-15 category members).
All participants, except for the two with the least impaired naming, J1 and S1, also showed
impaired general semantic processing and impaired language comprehension (SYDBAT).
Most participants were still able to comprehend grammatically complex structures relatively
well (TROG). Hence, consistent with the diagnosis of svPPA, the results of the language
assessments supported a central semantic deficit as the impairment underlying the difficulties
in word finding and language comprehension while lexical, grammatical and post-lexical
processes remained mostly intact.

Scores on tests of general cognitive abilities were reduced only in participants with
more severe sSVPPA. All of the participants had an intact verbal working memory as shown in
the results of the digit span task and showed intact short-term episodic memory and preserved
visuospatial skills on the Rey Complex Figure. Psychomotor speed was not reduced with
almost all participants’ results on the Trail-Making-Test Part A falling within the time span
needed by controls in the respective age groups. Mental flexibility also remained intact, with
only one of the more severe participants performing slower than controls on this task (J3:

113).

Stimuli

Stimuli were those used to create individualised word retraining programmes, as
reported in earlier studies by Savage and colleagues (Savage, Ballard, et al. (2013); Savage et
al. (2014, 2015). As a result, items included were relevant to each participant’s individual
language abilities, interests and everyday needs from the following semantic categories:

animals, food, kitchen items, bathroom items, household items, tools, and clothes. The
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majority of words were typical members of their category (e.g., tomato, spoon, vacuum
cleaner) with the exception of a few very specific items such as “circular knitting needles” or
“African buffalo”. Each participant was tested on approximately 100 words (range: 79-129;
varying depending on the severity of the disease), using photographs obtained from stock
images or taken by a family member in order to depict the specific object that was used at the
participant’s home. For further detail of the methods behind item selection, see Savage,
Ballard, et al. (2013); Savage et al. (2014, 2015).

Across participants, there were a total of 296 different words, of which 267 words
were used for analysis (see Appendix A): Items removed included those where the
participant’s response had not been recorded due to a fault in the program, or when the object
was highly specific and not a single word (such as “African buffalo”, see above).
Psycholinguistic variables were collated for each word: spoken word frequency as measured
by the SUBTLEX UK corpus (van Heuven, Mandera, Keuleers, & Brysbaert, 2014) and
number of syllables, number of phonemes. In addition, ratings were obtained from 20 healthy
participants (Macquarie University students) for concept familiarity, age of acquisition and
imageability using instructions from Gilhooly and Hay (1977) for age of acquisition, Pavio,
Yuille, and Madigan (1968) for imageability, and Alario and Ferrand (1999) for familiarity.
However, the use of individual pictures for each participant made it infeasible to obtain

measures of visual complexity and name agreement for each picture.

Procedure

Participants were tested individually in their homes. The data used in this study were
from the series of baseline tests conducted to establish each participant’s naming performance
prior to training. Participants were instructed to name each picture with a single word. In each
session, the participants were presented with their personal pictures in random order. Each
picture remained on the screen for 10 seconds. Sessions were audio recorded and

subsequently transcribed and scored for accuracy by the experimenter. This baseline
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assessment was repeated several times per week for a minimum of 4 sessions in total (Savage
et al., 2014).

For the current study, we chose 3 consecutive sessions of baseline testing for each
participant. We excluded the first session to reduce the difference in task familiarity across
sessions, and when possible, analysed the second, third and fourth recorded baselines or the
earliest sessions without data recording errors. For three participants (J1, J3, S1) the analysed
sessions were recorded on consecutive days, for the remaining participants there was at least
one day in between each session. For participants K1 and G2, the second and third session
that we chose for analysis were not consecutive in the actual baseline tests, as two sessions

had to be excluded due to data errors.

Error Coding

The responses were coded by the first author as correct or erroneous using an
unpublished coding system devised by Best, Nickels, and Williamson (2005). Half of the data
(50%) was double coded by an additional expert coder. Interrater agreement was 91.5%, with
any disagreements discussed and recoded by consensus.

Only the first full response by the participant was scored (i.e. false starts were not
coded, e.g. for the response fee... feet, only ‘feet” was coded, nor were part responses that
cannot stand alone as an English syllable such as single consonants, short vowels or CV with
a short vowel).

Responses were scored as correct when they were identical to the target word, or when

they were acceptable part responses (e.g., “phone” for “telephone”), acceptable alternative

names for the picture (e.g., “saucepan” for “pot”) or contained the target but with additional
information (e.g., “some kind of pasta” for “pasta”, “a big cat” for “cat”).

Incorrect responses were classified as shown in Table 3. Semantically related

responses were subdivided into one of seven types of relationship with the target.
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Phonologically related, unrelated and visual errors were grouped as ‘other error response’ for

purposes of statistical analysis.

Table 3: Error coding scheme (Best et al. (2005)

Categories of error

Example

A. Semantic errors

1. Semantic - superordinates category names e.g. animal for dog

2. Semantic - coordinates Single word responses within the same
category e.g. “glass” for “cup”

3. Semantic - subordinates e.g. “iphone” for “phone”

4. Semantic - associatively related error response and target share a semantic context

responses but not semantic category e.g., “kitchen” for
“stove”

5. Semantic - semantic descriptions Multi-word responses e.g., “gadgets for
adding” for “calculator”)

6. Semantic - information from episodic e.g., “that’s the fruit that my father grew”

memory for “cucumber”

7. Semantic - semantic other responses that shared a semantic
relationship with the target but did not fall
into any of the above categories e.g., false
superordinates such as “vegetable” for
“watermelon”

B. No specific response Responses such as “can’t remember”, “don’t
know”, or omissions
C. Other Responses

A. Other- Phonologically related semantically unrelated and contained greater
than or equal to 50% of the target word’s
phonemes regardless of whether they were
words or nonwords

B. Other - Unrelated responses semantically unrelated words or nonwords
containing less than 50% of the target
word’s phonemes, or vice versa

C. Other - Visual errors misperceptions of the depicted object (e.g.,

“spoon with ice” for a spoonful of sugar; or
naming objects other than the target in the
picture e.g., “table” for “placemats”)

Analysis

Given the individualised nature of the item lists, each case was examined separately in

individual analyses. A supplementary analysis was then run to assess whether patterns of

consistency/inconsistency were present homogeneously for the group. The statistical analyses

were performed using R version 3.3.1 (R Core Team, 2016).
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Individual analyses

A.

&

Consistency across sessions for each participant was assessed in two main analyses:
Cohen’s Kappa (Cohen, 1960) to assess the consistency of accuracy of individual items
(i.e. the degree to which the same items were consistently accurate or inaccurate across
consecutive sessions), and to assess how consistently participants named an item using a
certain error type across the three sessions. Since semantic errors were the most common
overt error type across all participants, and are a key diagnostic symptom of svPPA, we
compared the consistency of naming an item with a semantic error in Sessions 1, 2 and 3
compared to naming it accurately or with any other error type. Strength of agreement was
interpreted using ranges provided by Landis and Koch (1977): Kappa: < 0.00 (poor), 0.00-
0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial), 0.81-1.00
(almost perfect).

Logistic regressions and multinomial regressions were used to determine whether the
naming responses of Session 3 could be better predicted when responses in either Session
1 or 2 were added as an independent variable, over and above the predictive value that
other psycholinguistic variables (familiarity, age of acquisition, imageability, frequency
and number of phonemes) may have on naming performance (Hirsh & Funnell, 1995;
Howard, 1995; Kremin et al., 2001). First, we used logistic regression to predict a correct
versus an incorrect response. Second, we examined whether the production of semantic
error responses was consistent across testing sessions by examining whether semantic
errors produced in sessions 1 and 2 predicted the occurrence of the same error type in
Session 3. Since the categorical variables “naming responses in Session 1/2/3” now
included three rather than two categories (accurate response, semantic error, all other error
types, including no specific responses), these analyses were run as multinomial logistic

regressions (using the package “mlogit” in R (Croissant, 2013)).
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C. In addition, McNemar’s test for related samples was used to determine whether there was
a difference in the consistency across sessions for inaccurate and accurate responses —
were accurate responses and inaccurate responses equally consistent? McNemar’s test was
further used to compare the similarity in consistency between semantic errors and accurate
responses and between semantic errors and other error types. The calculations were done

using the package “exact2x2” in R (Fay, 2010) and Excel.

Homogeneity of the group

To examine whether the effects of consistency were homogeneous across the group we
used linear mixed modelling using the /me4 package in R (Bates, Maechler, Bolker, &
Walker, 2015) and p-values were determined using the package /merTest (Kuznetsova,
Brockhoff, & Haubo, 2016). This allowed us to examine whether including naming responses
from previous sessions as fixed effects in the group model significantly improved the model’s
fit — and thus, whether consistency was present at the group level. By including by-subject
random slopes for all variables (naming responses from previous session, familiarity, age of
acquisition, imageability, word frequency an length), we were able to assess the homogeneity
of the group with respect to consistency measures and effects of each psycholinguistic
variable: If including a random slope for a variable lead to significant improvement of the
model compared to a reduced model without that random slope, participants were not
homogenous with respect to the effects of that variable.

For all generalised linear models (i.e, the logistic and multinomial regressions and the
mixed models), the continuous variables (familiarity, age of acquisition, imageability and

frequency) were centred.

Results
Descriptive Error Analysis
Figure 2 shows the pattern of errors across the group as a whole, with individual

patterns for each participant shown in Appendix C: Semantic errors were the most common
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error type (31% of responses (SD= 14%), 50% of errors (SD =22%)) (see Figure 2a). When
examining subtypes of semantic errors, semantic descriptions (48% of semantic errors, SD =
33%) and coordinate errors (26%, SD = 17%) were most frequent (Figure 2b). No (specific)
responses (i.e., omissions) were the second most common error type across all sessions (mean
24% of responses (SD = 17%,); 39% of errors (SD= 27%). Accurate responses tended to
increase from session to session for the group and for each individual. Accurate responses
included those considered acceptable alternatives or part responses, as well (see above).
Phonological errors (1% of responses (SD = 1%); 2% of errors (SD = 2%)) combined with
visual errors (1% of responses (SD = 1%); 2 % of errors (SD = 1%)) and unrelated errors (5%
of responses (SD = 5%); 7% of errors (SD = 9%)) form the smallest group of naming errors.
This is consistent with the language assessment scores and the general disease pattern in

svPPA, where phonological processing is usually spared.

100% 100% ]
90% 90% B Dgﬁ@fnnc
80% OUnrelated 80% E A iati
error B Associative
70% & Visual error 70%
60% 60% A Information
B Phonological from episodic
50% error 50% memory
. ® No specific . ® Semantic
40% response 40% description
30% O Semantic 30% I
° error ° o Superordinate
20% B Correct 20%
response
10% 10% 8 Coordinate
0% 0%
S1 S2 S3 S1 S2 S3

a b

Figure 2. Average proportion of different response types in naming across sessions.

Panel 2a: Major response types in each session. Panel 2b: Average proportion of different
subtypes of semantic errors in each session. “Semantic other” included 1 subordinate error
and 14 instances of unclassifiable semantically related responses.

S1= Session 1; S2 = Session 2; S3 = Session 3.
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For those two participants where Sessions 2 and 3 were not consecutive baseline
sessions due to technical problems in the recordings (participants G2 and K1), the increase in
accuracy from Session 1 to Session 3 was significantly higher than in those participants where
Sessions 1, 2 and 3 were consecutive baseline sessions (mean increase accuracy participants
G2 and K1: 18, other participants: 3; Wilcoxon rank sum test W = 16, p =.049). This
suggests a greater practice effect in those two participants as a result of the intervening

session.

Statistical Analyses — single cases

Cohen’s Kappa. A first analysis compared accuracy scores, that is, incorrect vs.
correct answers, between the three sessions. As shown in Table 4 (left-hand column), all
participants showed strong to fair consistency in their accuracy scores with four participants
showing substantial strength of agreement in accuracy across sessions, five participants
moderate strength of agreement, and one participant (G2') fair strength of agreement. For J1,
for example, there was a Kappa coefficient of 0.7 between the three sessions, reflecting very
high consistency in accuracy across Session 1, 2 and 3. Participants J3, J2, G1 and J1 were the
most consistent in their accuracy scores. When correlating naming severity (based on the
SYDBAT naming scores) of participants with their Kappa values on accuracy consistency,

there was no significant relationship (Pearson’s r = 0.061, p = .867 (two-tailed)).

!G2 is an exception as she performed particularly poorly in Session 2 compared to Sessions 1 and 3, that is, very
inconsistently. A closer look at her naming data reveals that she took a long time to respond to a picture in
Session 2. This led to more responses being cut off by the 10 s time limit, which therefore had to be coded as no
responses. G2’s third naming session was not consecutive to Session 2, and perhaps the intervening sessions
helped to increase her response speed so that more responses fell within the time limit.
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Table 4: Kappa values showing consistency over time in accuracy, in the four main response
types (correct responses, semantic errors, no specific responses and other error responses)
and eight response subtypes (correct response, other error response, coordinate,
superordinate, associative, information from episodic memory, semantic descriptions or
semantic other).

. . Consistency across 4 Consistency across all 8
Consistency in accuracy
response types error subtypes
Paricipants® Kappa o Kapp et KPP et
I3 0.625 substantial 0.405 fair 0.317 fair
T4 0.555 moderate 0.500 moderate 0.487 moderate
C2 0.600 moderate 0.558 moderate 0.467 moderate
G2 0.252  fair 0.197  slight 0.148 slight
K1 0.428 moderate 0.313 fair 0.330 fair
2 0.687 substantial 0.561 moderate 0.539 moderate
Gl 0.633 substantial 0.621 substantial 0.492 moderate
Bl 0.521 moderate 0.337 fair 0.287 fair
S1 0.462 moderate 0.345 fair 0.338 fair
I 0.700 substantial 0.636 substantial 0.584 moderate
mean 0.546 0.447 0.399
SD 0.137 0.149 0.136

* In this table and all following tables, participants are ordered by severity (from most severe to least
severe as measured by accuracy of SydBat naming).

** The cut-off values for strength of agreement according to Landis and Koch (1977) are: < 0.00
(poor), 0.00-0.20 (slight), 0.21-0.40 (fair), 0.41-0.60 (moderate), 0.61-0.80 (substantial), 0.81-1.00
(almost perfect)

A second Kappa coefficient for each participant was calculated to assess consistency
across correct responses, semantic errors, no specific responses and other error responses
(including phonological, visual and unrelated errors; Table 4 middle column).

J1 and G1 were again most consistent. Overall, all ten participants were less consistent
than they were when only accurate and inaccurate responses were compared. This difference
was especially prominent for J3 and B1. In a final analysis using Kappa, we examined
whether there was consistency in 8 different response types focusing on the different semantic
error subtypes: accurate response, coordinate, superordinate, associative, information from
episodic memory, semantic descriptions, semantic other and all other (nonsemantic) error

responses. The results of the Kappa analyses show that consistency was still relatively high,

as can be seen in Table 4 (righthand column). Those participants (T4, C2, J2, G1, J1) who had
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shown the highest consistency in the previous analysis distinguishing between the four major
response types (correct responses, semantic errors, no specific responses and other error
types, see Table 4 middle column) showed moderate consistency and only a minimal
reduction of the Kappa coefficients (by about .04 on average) in the more specific analysis
including semantic error subtypes.

The consistency of semantic errors is further illustrated in a schematic overview of the
semantic errors that were produced by each participant (see Figure 3). The two columns show
the proportions of items that were semantic errors in Session 1 and also resulted in semantic
errors in Session 2 or in Session 3 respectively. Figure 3 further shows if a response changed
into an accurate response, a no specific response or another error response. For the majority of
participants, most semantic error responses remained semantic errors in the following sessions
rather than turning into any other response type (58% on average (SD=18%)). However, for
participant S1, for example, almost 50% of the semantic errors in Session 1 became accurate
responses in Session 2 and 3, and correspondingly, S1’s Kappa value for the four different
response types is only fair (0.345). For G1, on the other hand, 80% of semantic errors
remained semantic errors in the following sessions and only very few changed to accurate

responses or another error type. G1°s Kappa value is consequently substantial (0.621).



"€ pue 7 SuoIssag ur sadA} 10119 10130 10 sasuodsar orjroads
ou ‘sasuodsar 9JeINddL ‘SIOLID ONURWS SB padnpoId d1om ey (S193orIq Ul WY JO JOqUINU) | UOISSAS Ul SIOLID dnjuewds jo suontodoid oyy, ¢ a4n3ny

slose JayiO®  osuodseloyoads ONE  sesuodsel 9)einooym  sesuodsal Jolle oueweS |

(€1) (12) (59) (9¢) (61) (1) (62) (8¥) (£2) (S¥)
Lr 1S X2 19 zr [BY 143} r48) il er
€S ZS €S ¢S €S ¢S €S ¢S €S ¢S €S S €S S zZs €S S €S S

€S

%0
%01
%0¢
%0¢€
%0¥
%089
%09
%04
%08
%06
%001

C VddAS NI ADNHLSISNOD dSNOdSHd



RESPONSE CONSISTENCY IN SVPPA 23

Relative consistency of response types — McNemar’s test. The consistency analysis
was supplemented by using McNemar’s test to assess whether any response type was more or
less consistent than another.

We first compared accurately and inaccurately named items, as shown in Table 5
(upper panel). If p > .05, then inaccurate and accurate responses were equally consistent or
equally inconsistent across the sessions.

Comparing the consecutive sessions, Session 2 and 3, the majority of participants
(8/10 participants) showed no difference in consistency between accurate and inaccurate
items, except for G2 who was significantly more consistent in her accurate than inaccurate
responses (more inaccurate responses became accurate responses than vice versa; p<.001; see
Descriptive Error Analysis above) and J4 who showed a trend in the same direction (p
=.070). When comparing the non-consecutive sessions (sessions 1 and 3), more participants
showed differences in consistency between accurate and inaccurate items: three participants
were significantly more consistent in their accurate compared to inaccurate responses (G2
p=-001; K1 p=.001; J2 p=.049) and the remaining three participants (T1: p =.096, B1: p

=.093 and J1: p =.070) showed a trend in the same direction.
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In summary, the majority of the participants were equally consistent in their accurate
and inaccurate responses across consecutive sessions. Where participants showed differences
in consistency, inaccurate responses were always less consistent than accurate responses.

The same analysis was run examining only responses with semantic errors or
omissions (no specific responses), to see which of these error types was more consistent or
whether they were equally consistent for the individual participants. All items with accurate
responses or other error types were excluded from this analysis. Results are summarised in
Table 5 (lower panel).

In the consecutive sessions 2 and 3, all but one participant exhibited no significant
difference, whereby semantic errors were as consistent (or inconsistent) as omissions, while
for J3 semantic errors were less consistent than omissions. In the non-consecutive sessions 1
and 3, eight out of ten participants were equally consistent in their production of semantic
errors compared to other error types, while two participants showed a significant difference
(G2: p<.001 and K1: p =.013). For K1 semantic errors were more consistent, while for G2
semantic errors were less consistent compared to omissions.

Predicting naming responses from other variables — binary and multinomial
logistic regressions. This analysis aimed to examine the factors predicting an accurate
response in Session 3 (compared to any other response type) using logistic regression. We
first added the psycholinguistic variables (familiarity, age of acquisition, imageability,
frequency and length) as independent variables predicting Session 3 accuracy. Then, in two
supplementary models we added either Session 2 accuracy or Session 1 accuracy as additional
predictors, and finally we compared the predictive value of the different models. The full
model outcomes are presented in Appendix D, and model comparisons are shown in Table 6.

For all participants, the accuracy of an item in a previous session was found to be a
significant predictor of item accuracy in Session 3 and hence to improve the statistical model

(Models 2a and 2b) over and above the predictive value of other language variables (Model 1;
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see Table 6 below). The psycholinguistic variables (familiarity, age of acquisition,
imageability, frequency and number of phonemes) differed in how far they predicted naming
accuracy across participants. Familiarity, imageability and frequency were each significant
predictors for three of the ten participants, age of acquisition (AoA) for two participants and
length for one participant (Appendix D). Collinearity between predictor variables was
accounted for by calculating the Variable Inflation Factor (VIF) for each predictor in each
participant’s regression model. Moreover, the correlation between predictor variables was
determined individually for each participant since the picture set and therefore the values for
language variables that were included in the models differed between participants. The results
of these calculations are summarized in Appendix E. After careful inspection, we do not see
cause for concerns about multicollinearity in our data, since both measures are below the
values suggested as critical for multicollinearity by statisticians? (VIF<10; Field, Miles, &

Field, 2012; Myers, 1990; r<0.8; Hutcheson & Sofroniou, 1999).

2 For participants T4 and G1, familiarity and imageability correlated at tho = .850 and rho = .901, respectively.
However, these participants did not perform any differently in the regression models. We therefore saw no
concern in this relatively high correlation.
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Multinomial regressions. Finally, as for the accuracy analyses earlier, a series of
logistic regression analyses was carried out to reveal whether the production of semantic error
responses was consistent across testing sessions by examining whether semantic errors
produced in sessions 1 and 2 predicted the occurrence of the same error type in Session 3. The
full model results are presented in Appendix F, and the model comparisons are shown in
Table 6. We first examined whether a semantic error rather than an accurate response in
Session 1 (2a) or 2 (2b) predicted a semantic error in Session 3 (Analysis 1, Appendix F,
Upper panel), and, second, whether a semantic error vs any other error in Session 1 or Session
2 predicted a semantic error in Session 3 (Analysis 2, Appendix F, lower panel).

As in the logistic regression analyses, no language variable (familiarity, frequency
etc.) consistently predicted naming responses of the third session significantly for all
participants. However, for all participants a model including naming responses of Session 1 or
2 was always a significantly better fit than the model that contained only the language
variables (Table 6).

1) Predicting a semantic error compared to an accurate response in Session 3

The likelihood of a semantic error in Session 3 rather than an accurate response was
significantly increased by a semantic error compared to an accurate response in Session 1 and
Session 2 for six participants (an Odds Ratios significantly >1 for participants J3, C2, K1, J2,
G1, and T4 for whom in Session 2 the Odds ratio was uninterpretable) and for one further
participant (B1) there was a significant effect in Session 2 and a trend in Session 1. A
semantic error compared to another error type in Session 1 or 2 did not increase the likelihood
of a semantic error rather than an accurate response in Session 3, except for participant G1 for
Session 1.

2) Predicting a semantic error compared to other error types in Session 3
Whether a naming response in Session 3 was more likely to be a semantic error rather

than an “other error” was significantly predicted by a semantic error versus another error type
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in Session 1 or Session 2 for four participants (J3, T4, J2, G1), for one (B1) in Session 1 and
not Session 2, and for two participants (C2, K1), in Session 2 but not Session 1 (C2 showed a
trend in Sessionl). When they were contrasted with an accurate response, they did not

increase the likelihood of a semantic error outcome in Session 3, except for one participant

(C2, in Session 2).

Statistical Analyses - Group Analyses

Homogeneity of the group with respect to consistency was tested using GLM mixed
modelling, removing one random effect variable at a time and comparing it to the full model
(e.g., full model for naming accuracy in Session 3:
glmer(Accuracy S3~Accuracy Sl+Accuracy S2+AoA-+Imageability+Familiarity+Fre-
quency+Length+(1+Accuracy Sl+Accuracy S2+AoA-+Imageability+Familiarity+Freq-
uency-+Length|participants), family="binomial", control=glmerControl(optimizer="bobyqa"),
data = Ime model data)). There was no significant difference between the models (all p
> .137), confirming that the individuals with svPPA were homogenous with respect to
consistency in their accuracy between sessions, and that there was no variability in the effects

of the different psycholinguistic variables between the participants.

Consistency Analysis Summary

The results of this study showed that all of the individual participants (except for G2)
were very consistent in their naming accuracy, with no evidence for any differences in the
consistency shown by the participants®. Pictures that were named accurately (or inaccurately)
in one session were likely to be named accurately (or inaccurately) in another session. This
consistency in naming accuracy was independent of the severity of the language impairment.
Including naming accuracy from Session 1 and 2 always resulted in a better prediction of

naming responses in Session 3 than other psycholinguistic variables alone (e.g., familiarity,

* This includes participant K1, whose naming sessions were not consecutive — his pattern of consistency did not
differ in any obvious way from that of the other participants.
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frequency etc.). The majority of participants were as consistent in their accurate as in their
inaccurate responses. In the few cases where a difference was measured, accurate responses
were always more consistent than inaccurate responses which was most likely to be due to a
practice effect.

The results for semantic errors and semantic error subtypes yielded consistency values
ranging from slight to substantial with half the participants showing substantial to moderate
consistency. For the majority of participants, multinomial regression analyses of error type
consistency showed that a semantic error in Session 1 or Session 2 significantly predicted that
the outcome of Session 3 would also be a semantic error instead of an accurate response or
another error type. When comparing the consistency of the different error types, the majority

of participants were equally consistent in the production of semantic errors and other error
types.

Discussion

The current study investigated language production in the semantic variant Primary
Progressive Aphasia (svPPA), which is assumed to be due to a central, amodal semantic
impairment (Hodges et al., 1995). We investigated one characteristic of this semantic deficit,
namely performance consistency on a picture naming task. Response consistency has been
argued to be one of the main characteristics that can be used to distinguish between a “storage
deficit” (where semantic representations are degraded and eventually lost) and an “access
deficit” (where the representations remain unimpaired but cannot be accessed reliably) as the
basic underlying deficits of the semantic system (Warrington & Cipolotti, 1996; Warrington
& Shallice, 1979). People with svPPA are assumed to suffer from a storage deficit at the
semantic level, with a progressive degradation of semantic representations (Hodges et al.,
1995; McCarthy & Warrington, 2016; Mirman & Britt, 2014). Following this assumption,
people with svPPA should perform highly consistently in tasks requiring semantic

knowledge.
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Our analyses revealed that, except for one individual, all the participants with svPPA
were moderately to highly consistent in their naming accuracy. However, some participants
were more likely to change their performance on items that were named inaccurately to
accurate responses while showing more consistent performance on items that are already
accurately named. Consequently, for these participants the number of accurate responses
increased with each session, which can, most likely, be attributed to a practice or priming
effect (for a detailed study on practice effects see, e.g., Nickels, 2002). Of course, testing
could have also increased the participant’s attention to these words resulting in attempts to
use external sources to find and ‘learn’ the answers between sessions.

Indeed, for two participants, G2 and K1, where testing sessions were not entirely
consecutive, but some sessions intervened between sessions 2 and 3, correct responses
increased more in Session 3 than for the other participants. The greater spacing of their
sessions meant that G2 and K1 may have had more opportunity for priming or to learn some
of the previously incorrectly named items in the intermediate sessions.

High consistency was also found in the analysis of semantic errors, the most
characteristic overt error type in svPPA. This showed that the majority of items that were
named with a semantic error by the participants in the first session were again named with a
semantic error in the following sessions.

Taken together, our results support the assumption that performance consistency is a
characteristic of a semantic storage deficit, such as that exhibited by people with svPPA. In
contrast to a storage impairment, an access impairment would predict variability in that
sometimes a representation can be accessed and thus named correctly and sometimes not
(McCarthy & Kartsounis, 2000). Some authors have cautioned that naming could be
consistent even in an access impairment because of the impact of stimulus-related
psycholinguistic variables such as word frequency, whereby, for example, low frequency

words can be consistently inaccessible (e.g., Howard, 1995; Rapp and Caramazza (1993)). In
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the present study we found that there was consistency over and above the effect of stimulus-
related variables: Regressions showed that previous naming accuracy (or error type) reliably
predicted subsequent responses even when these variables were included in the analysis.

By providing the first examination of consistency over multiple repetitions of the same
stimuli in the same task, our results both support and extend the behavioural results of
previous studies with people with svPPA (e.g., Budd et al., 2010; Hodges et al., 1995;
Laisney et al., 2011). Moreover, they increase our understanding of how semantic features
that represent semantic information (as proposed by theories of language production
incorporating decomposed semantic representations (e.g., by Dell et al., 1997)) deteriorate in
svPPA (Hodges et al., 1995). One might assume that a loss of semantic features is not
compatible with naming consistency: this pattern seems to be more easily explained as a
result of the loss of holistic concepts that are consequently consistently unavailable.
Nonetheless, we would suggest that despite the high levels of consistency in our participants,
the overall pattern is, in fact, more plausibly explained within a decomposed theory. First,
there was not absolute consistency (as reflected by the Kappa values) and second, some
participants showed practice effects across the three sessions. The way test items were
selected for each participant may have contributed to this pattern: words were chosen if the
person still had some semantic knowledge remaining. Given the partial remaining semantic
knowledge, these items are more likely to show ‘access-like’ patterns (see Wilson et al., 2017,
for evidence that some people with svPPA show access impairments). The loss of some
semantic features leads to reduced (or inaccurate) activation of the lexical item. Activation of
this lexical representation leads to gradual priming and greater accessibility on repeated
presentation (Nickels, 2002). However, as semantic loss increases, activation reduces to the
point that the lexical representation can never be retrieved. Hence, gradual loss of semantic
features leads to initial inconsistency of access followed by later consistent inability to

retrieve the form. In contrast, loss of a holistic semantic representation would be less likely to
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result in a phase of inconsistent access to lexical forms - once semantics is lost, access to the
lexical form is lost.

Our results showed that response variability was highest within the different subtypes
of semantic error, suggesting that variability remained as to which features could still be
activated to provide semantic information about the item. Once again, this points towards an
intermediate stage of feature availability, which varies between participants but in all cases
results in some variability of naming responses across sessions. For example, if some of the
features that are necessary to name a cucumber are lost, a person with svPPA might be more
likely to name it ‘tomato’ than ‘lettuce’ if he/she has recently (between sessions) more often
thought of, talked about, or eaten a tomato. Future research could explore this by determining
“individual exposure” or “individual familiarity” with the test items, or manipulating this

experimentally.

Implications for future research and treatment

One question posed in the Introduction to this study was whether consistency could
really be used as a criterion to distinguish a “storage” deficit from an “access” deficit. We
have demonstrated that performance is indeed highly consistent in participants with svPPA, as
predicted for an underlying storage deficit. We have argued that the consistency of naming
performance found in the case series described here informs us about the consistent
availability of necessary semantic features that lead to accurate naming, or their consistent
unavailability leading to inaccurate naming. Conversely, the consistency or inconsistency of a
participant’s naming performance can allow us to draw conclusions about the extent to which
particular lexical items are affected by the loss of semantic information. This could be an
important insight for the choice of an appropriate treatment method. Recent literature reviews
by Carthery-Goulart et al. (2013) and Jokel, Graham, Rochon, and Leonard (2014) on
interventions in PPA have stressed that most interventions for individuals suffering from

svPPA have focused on relearning of lost words. Importantly, participants relearn words more
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effectively when they still have some retained semantic knowledge about the item (see, e.g.,
Jokel, Rochon, & Leonard, 2006). As we have suggested above, greater availability of
semantic information in the form of semantic features is related to lower consistency in
naming, especially within the semantic error subtypes. Consequently, for participants who
show lower consistency, word-retrieval training might improve the ability to connect the
remaining semantic information with its correct lexical label and thereby increase accuracy
and reduce variability in naming. In contrast, for participants that show high consistency in
naming errors and semantic error subtypes, treatment focusing on semantic feature generation
might be more appropriate, thereby improving access to semantic features that have been lost
due to deterioration (e.g. using approaches such as conceptual enrichment (COEN) therapy —

Suarez-Gonzélez et al, 2015; Suarez-Gonzalez, Savage, & Caine, 2016).

Conclusion

The aim of this study was to clarify the significance of one characteristic of a storage
deficit, which has been proposed to be the underlying deficit in svPPA: we focused on the
investigation of performance consistency in picture naming to establish its role for the
evaluation of the nature of semantic breakdown in this disease. Previous studies have only
compared performance consistency across different tasks, between non-consecutive sessions,
or looked only at the consistency in accuracy (e.g., Coccia et al., 2004; Hodges et al., 1995;
Jefferies & Lambon Ralph, 2006). In this study we found further evidence of consistency in
performance at an item level in naming accuracy and also for the production of semantic
errors independent of word frequency, familiarity or other item-related variables. These
results provide further insights into the structure of semantic representations and the way they
can be damaged in a neurodegenerative disease like svPPA. Specifically, our results suggest
that consistency varies as a function of semantic feature availability in svPPA and that this
availability is not strictly related to disease severity. We suggest that information about

consistency in naming performance cannot only be taken to diagnose and thus localise the
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underlying impairment (semantic storage vs. access deficit) but also to inform and thus select

an appropriate language treatment technique.
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airconditioner
alpacas
aluminium foil
apple
apron
asparagus
avocado
bacon
banana
barbecue
bath

beans
beater

bees

beetle

belt
blower
bobbins
bowl

bread
broccoli
broom
butter
butterfly
button
calculator
can opener
capsicum
cardigan
carrot
cashews
casserole dish
cauliflower
celery
centipede
chainsaw
cheese
Cheetah
chicken
chilli
chisel
chocolate
chopping board
cicada
cling wrap

Appendix A

Stimuli included in the analysis (n=267)

clothes line
coasters
cockroach
coffee
coffee grinder
coffee machine
colander
comb
computer
corn

cow
crocodile
cucumber
cup

dental floss
dish cloth
dishwasher
dragonfly
dryer

duck
dustpan and brush
edger
eggplant
eggs
elephant
emu

fabric

fan

fence

fly

fork

fridge

frog

frying pan
galah

garlic

garlic crusher
giraffe

glad wrap
grapefruit
grapes
grasshopper
grater
hammer
hanger

hanky

hat

heater
hippopotamus
hose

hyena

ice cream
iron

jacket

jam

jeans

Jug

juice
Jjumper
kangaroo
kettle

kiwi fruit
knife
knitting needles
koala
kookaburra
ladle
ladybird
lathe

lawn mower
leaf blower
leeks
lemon
leopard
lettuce
lime

lion

lizard
loppers
magpie
mandarin
matches
mayonnaise
meerkat
microwave
milk

mince

mint
mirror
mosquito

moth
mouse
mushrooms
nail
nectarines
oats

okapi

olive

olive oil
onion
orange
oven
paintbrush
paper clip
paper towel
parsley
passionfruit
pasta
peanuts
pear

peas

peeler
pelican

pen

pencil
penguin
phone

pig
pineapple
placemats
plate

pliers

plug

polo shirt
pot

potato masher
potatoes
power point
praying mantis
rabbit
rainbow lorikeet
raisins

rake

ravioli
razor

remote control
rhinoceros
rubber band
safety pins
salt and pepper
saucepan
sausages
scales

scarf
scissors
screw
screwdriver
secateurs
serviettes
sewing machine
shampoo
shaving cream
shirt

shorts
shower
silver beet
silverfish
singlet

sink

skink
slipper
snake
sneakers
Snow peas
soap

socks

spade
spaghetti
spatula
spider
spoon
stapler
steak
stepladder
sticky tape
stove
strawberries
sugar
sultanas
sunglasses

40

swan
t-shirt

tape measure
tea

tea towel
teabag
teapot
television
termite
thimbles
thongs

tiger

tissues
toaster

toilet

toilet paper
tomato sauce
tomatoes
tongs
toothbrush
toothpaste
towel
trousers
tweezers
underpants
vacuum cleaner
wallet
warthog
washing machine
wasp

watch
watermelon
whales
whisk
wildebeest
wine cask
wine glass
wok
wombat
yoghurt
zipper
zucchini
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Stimuli excluded from the analysis or different target label chosen (n=51)

Very specific low-frequency items were excluded from the analyses completely. Where an

item label was very specific (e.g., “electric frying pan”) or included two options (e.g., “beater

or mixer”), it was replaced by the more common option. This then served as the target label

and as the point of reference for error coding.

Excluded replaced by Excluded replaced by
African buffalo / jandles /

backing fabric / kitchen scales scales
batting or wadding / leaf rake rake
beater or mixer beater linen cupboard cupboard
border / measuring tape tape measure
brazil nuts / nailbrush /

bull ant / office or study office
ceiling fan fan peppers capsicum
choc chip biscuits / pin cushions /

circular knitting needles knitting needles  pot or saucepan pot

coat hanger hanger potato peeler peeler
coffee cup or mug mug quilter's ruler /

coffee percolator / razor or shaver razor
collared shirt / rotary cutter /

cooktop or stove stove rotary mat /

crotchet hooks / sandals / thongs / flip flops thongs
edge trimmer edger sewing needles /

electric drill / sewing pins /

electric frying pan frying pan sewing thread /

face cloth / shaver razor
fettuccine / shifting spanners /

garden hose hose teatowel tea towel
griller / snowpeas Snow peas
hacksaw / whipper snipper /

hedger / wire cutters /
icecream drumstick /
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Descriptive Error Analyses for individual participants
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Appendix Figure C2. Response patterns of participants with the most correct responses.
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